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DEVICE STATUS DEFINITIONS 

Data Sheet and Device Status Definitions 

Status in Data Sheet Footer Device Status Definition 

ADVANCED INFORMATION Initial Production This data sheet contains information prior to 
AND DATE device characterization. Western Digital Cor-

poration reserves the right to change specifica-
tions at any time without notice in order to im-
prove overall design and operation. 

DATE Full Production This data sheet contains final specifications. 
The information has been updated and publish-
ed as of the date indicated. Western Digital 
Corporation reserves the right to change 
specifications at any time without notice in 
order to improve overall design and operation. 
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QUALITY, INTERARCHITECTURE & LOW VOLTAGE SOLUTIONS 

Western Digital's Quality 

From its manufacturing, assembly and test facilities 
throughout the world, Western Digital is committed 
to producing the highest quality semiconductor, 
board-level and intelligent disk drive products avail
able. 

The company's goal is to continually improve the 
reliability of our products through a variety of quality 
programs, using the most advanced evaluation and 
analysis tools, and a vast set of qualification and 
testing procedures. Accordingly, Western Digital en
sures that the quality and reliability of its designs 
are translated into products of exceptional quality 
for its OEM and end user customers. 

The company implements its "Continuous Process 
Improvement" program for every chip, board and 

drive product, constantly working to reduce cycle 
time, while striving for superior customer service 
and technical support. 

As one of the industry's most vertically-integrated 
manufacturers, Western Digital controls the entire 
manufacturing process, from design to final test. 
Ultimately, this ability allows us to yield a higher 
quality, more reliable product with greater 
functionality. 

This vertical integration, our Interarchitecture ™ ap
proach and our unique set of worldwide resources 
- including a state-of-the-art,submicron wafer 
fabrication facility and a fully"robotic drive assembly 
plant - greatly contribute to our ability to design and 
build quality into our products; 

Western Digital's Interarchitecture 

Western Digital designs and manufactures a full 
range of VLSI products that control the fundamental 
functions of computing: storage, video, data com
munications, and systems logic. The coordinated 
design and manufacturing of our products is a 
process we term Interarchitecture. 

As a business approach, Interarchitecture means 
we consistently communicate with our customers 
about trends, technology and market requirements, 
then design our products and services to meet their 
needs. 

We develop our Interarchitecture products together; 
the designer of the core logic works with the desig
ner of the video and the intelligent disk drive. By 
co-designing across all our product lines, we pro
vide full functionality in fewer .chips and increase 
overall product quality, reliability and compatibility. 

In practice, Western Digital's Interarchitecture 
process gets customers to market faster, . more 
cost-effectively with a higher-performance product. 

Western Digital's Low Voltage Solutions 

Western Digital recognizes the importance of power 
conservation in todays new battery operated com
puters. Our laptop core logic chip sets offer exten
sive power management features. In addition, 
Western Digital offers devices that require only 3.3 
volts for operation rather than the typical 5.0 volts. 
LVCMOS offers a greater operating range than the 
current 5V logic, thereby reducing power consump
tion and extending battery life. 

The wide operating range will make it possible to 
eliminate the power regulator and directly connect a 
notebook system to a battery, thus increasing 
power efficiency and reducing component require
ments. The combination of power management, 
lower operating voltage, and the elimination of the 
power supply regulator can mean a 35 to 40 per
cent savings in system power. 

ix 



QUALITY, INTERARCHITECTURE &LOW VOL TAGE SOLUTIONS 

Interarchitecture Solutions For Desktop Systems 

WD7600A System Chip Set for 80286 or 80386SX desktop systems 
WQ7700 System Chip Set for 80386SX desktop.systems 
WD7900 System Chip Se( for 80~86SX desktop systems 

Components: 

WD76C10A single-chip core logic 
• . memory control, CPU control, DMA interrupts, 

buffers, AT-bus control 
• system speed upto 25 MHz 
• .9 micron CMOS design 
• 80C286 or 80386SX interface 

OR: 

WD7710 single-chip core logic 
• memory control, CPU control, DMA interrupts, 

buffers, AT-bus control 
• system speed up to 25 MHz 
• .9 micron CMOS design 
• integrated 8K ~che data and TAG RAM 
• 80386SX interface 

OR: 

WD7910 single:.chip Core logic 
• memory control, CPU control, DMA interrupts, 

buffers, AT-bus control 
• system speed up to 25 MHz 
• .9 micron CMOS design 
• integrated 8K cache data and TAG RAM. 
• 80386SX interface 
• VLBI support 

WD76C20 single-chip storage 

x 

• floppy control, IDE control, real-time clock, 
CMOS· RAM, chip select decodes 

• 1.25 micron CMOS design 
• ·data transfer in DMA or non-DMA modes 
•.. chip select logic generation 

WD76C30 single-chip data communications 
• serial/parallel I/O control, programmable 

coprocessor clock, floppy frequency generator, 
keyboard clock, baud rate generator, AT-bus 
clock, interrupt multiplexor 

• 1.25 micron CMOS design 
• FIFO port operation 

WD90C30 single chip video 
• fully integrated VGA video control 
• optional video RAMDAC and video clock 
• .9 micron CMOS design 

ICS90C61A -- video graphics array cloc!c 

Western Digitallnterachltecture 
Intelligent Drives . 

Caviar™Drives: 
• one-inch, 42, 62,85, and 125 Mbyte fOrmatted 

capacities, sub-17 milliseconds 
• CacheFlow™, adaptive segmented cache 
• Automatic head parking, advanced defect 

management and embedded sector servo 
control 

Piranha TMDrives: 
• 3.5-inch, 1 06-and 212-Mbyte formatted 

capacities, sub-15 milliseconds 
• Cache Flow, adaptive segmented cache 
• Automatic head parking, advanced defect . 

management and embedded sector servo 
control 



QUALITY, INTERARCHITECTURE & LOW VOL TAGE SOLUTIONS 

Inter architecture Solutions For Portable Systems 

WD7600ALP System Chip Set for 80286 or 80386SX portable systems 
WD7700LP System Chip Set for 80386SX portable systems 
WD7900LP System Chip 'set for 80386SX portable systems 

Components: 

WD76C1 OALP single-chip core logic 
.• memory control, CPU control, DMA interrupts, 

buffers, AT-bus control 
• extensive set of power management features, . 

. CPU sleep and auto speed switch modes 
• system speed up to 25 MHz 
• 80C286 or 80386SX interface 
• .9 micron CMOS design 

OR: 

WD7710LP single-chip core logic 
• memory control, CPU control, DMA interrupts, 

buffers, AT-bus control 
• extensive set of power management features, 

CPU sleep a"d auto speed switch modes 
• system speed up to 25 MHz . 
• 80386SX interface . 
• .9 micron CMOS design 
• integrated 8K data cache 

OR: 

WD7910LP single-chip core logic 
• memory control, CPU control, DMA interrupts, 

buffers, AT-bus control 
• extensive set of power management features, 

CPU sleep and auto speed switch modes 
• system speed up to 25 MHz 
• 80386SX interface 
• SMI and VLBI support 
• .9 micron CMOS design 
• integrated 8K data cache 

WD76C20 single-chip storage 
• floppy control, IDE control, real-time clock, 

CMOS RAM, chip select decodes 

• 1.25 micron CMOS design 
• data transfer in DMA or non-DMA. 
• chip select logic generation 

WD76C30 single-chip data communications. 
• serial/parallel I/O control, . programmable 

coprocessor clock, ·floppy frequency generator, 
keyboard clock, baud rate generator, AT-bus 
clock, interrupt multiplexor 

• 1.25 micron CMOS design 
• FIFO port operation 

WD90C20AIWD90C22 single-chip video 
• full VGA video support with laptop RAMDAC 
• optional video clock 
• supports 32-color, gray-scale palette 

(64-color grey-scale with WD90C22) 
• .9 micron CMOS design 

ICS90C64 -- video graphics array clock 

Western Digital Inter architecture 
Intelligent Drives* 

AH260 Tidbit™ Drive: 
• 2.5-inch, 0: 75 inches high 
• 63.2 Mbyte formatted capRcity 
• Sub-16 milliseconds average seek time 
• CacheFlow mUlti-segmented, adaptive cache 
• 6 power-management modes 

AH280 Tidbit™ Drive: 
• 2.5-inch, 0.75 inches high 
• 85.5 Mbyte formatted capacity 
• Sub-16 milliseconds average seek time 
• Cache Flow multi-segmented, adaptive cache 
• 6 power-management modes 

xi 



QUALITY, INTERARCHITECTURE & LOW VOL TAGE SOLUTIONS 

Low Voltage (3.3 Volt) Interarchitecture Solutions 

WD7600ALV System Chip Set for 80286 or 80386SX portable systems 
WD7900LV System Chip Set for 80386SX portable systems 

Components: 

WD76C10ALV single-chip core !ogic 
• memory control, CPU control, DMA interrupts, 

buffers, AT-bus control 
• extensive set cif power management features, 

CPU sleep and auto speed switch modes 
• 3.3 volt operation 
• 80C286 or 80386SX interface 
• ;9 micron CMOS design 

OR: 

WD7910LV single-chip core logic 
• memory control, CPU control, DMA interrupts, 

buffers, AT-bus control 
• extensive set of power management features, 

CPU sleep and auto speed switch modes 
• 3.3 volt operation' 
• 80386SX interface 
• VLBI support 
• .9 micron CMOS design 
• integrated 8K data cache 

WD76C20LV single-chip storage 
• floppy control, IDE control, real-time clock, 

CMOS RAM, chip select decodes 
• 3.3 volt operation 
• 1.25 micron CMOS design 
• data transfer in DMA or non-DMA 
• chip select logic generation 

WD76C30DLV single-chip data communications 

xii 

• serial/parallel I/O control, programmable 
coprocessor clock, floppy frequency generator, 
keyboard clock, baud rate generator, AT-bus 
clock, interrupt multiplexor . 

• 3.3 volt operation 
• 1.25 micron CMOS design 
• FIFO port .operation 

WD90C26 single-chip LCD video 
• full VGA video support with laptop RAMDAC 
• 3.3 volt operation 
• optional video clock 
• supports 64 TrueShade TM, gray shades 
• .9 micron CMOS design 

ICS90C64 -- video graphics array clock 

Western Digital Inter architecture 
Intelligent Drives· 

AH260 TtdbifTM Drive: 
• 2.5-inch, 0.75 inches high 
• 63.2 Mbyte formatted capacity 
• Sub-16 milliseconds average seek time 
• Cache Flow mUlti-segmented, adaptive cache 
• 6 power-management modes 

AH280 Tidbit™Drive: 
• 2.5-inch, 0.75 inches high 
• 85.5 Mbyte formatted capacity 
• Sub-16 milliseconds average seek time 
• Cache Flow mUlti-segmented, adaptive cache 
• 6 power-management modes 

* For more information on Western Digital's intel
ligent drives, call 1.714.932.4900. 
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INTRODUCTION 

1.0 INTRODUCTION 
1.1 DESCRIPTION 

The low-power CMOS WD16C451 IWD16C551 is a 
single-device solution for serving one serial I/O port 
and one bidirectional parallel port on the IBM PC, 
PC XT, PC AT, PS/2, and compatible systems. The 
WD16C451IWD16C551 is an enhanced ACE with 
a bidirectional parallel port. The ACE performs 
parallel-to-serial conversion on output and serial
to-parallel conversion on input. It is programmable, 
independent, and has a maximum recommended 
data rate of 512K baud. 

TheWD16C451 family (WD16C451, WD16C451A, 
WD16C451 B) is a WD16C450 ACE plus a bidirec
tional parallel data port. 

The WD16C451 and WD16C451A parallel port 
supports a Centronics-compatible printer interface. 
The parallel port, together with the serial port, 
provides IBM PC XT, PC AT and compatibles with 
a single-device solution for serving both ports. The 
WD16C451 A is further enhanced by its crystal input 
capability. 

The WD16C451 B, also enhanced by its crystal 
input capability, supports a PS/2-compatible printer 
port interface. The parallel port, together with the 
serial port, provides IBM PS/2 and compatibles with 
a single-device solution for serving both ports. 

The WD16C551 is a WD16C550 Enhanced ACE 
plus a compatible PS/2 bidirectional parallel port. 
After power-up and hardware reset, the ACE is 
functionally compatible with WD16C450 (Character 
Mode). The ACE in the WD16C551 has been en
hanced with 16-byte FIFO buffers on both the 
receive and transmit lines, allowing an additional 
mode of operation called FIFO Mode. The FIFO 
Mode, only available in WD16C551, can be ac
tivated through software, relieving CPU of interrupt 
overhead. Buffering of data also allows greater 
latency time in interrupt servicing, which is vital in 
multitasking environments. The WD16C551 also 
has DMA signaling between the FIFO buffers and 
host CPU allowing single-character or multicharac
ter transfers. The recommended maximum data 
rate is 512 Kbaud with an 8.0 MHz clock rate. The 
PS/2 parallel port,together with the serial port, 
provides IBM PS/2 and compatibles with a single
device solution for servicing both ports. 

WD 16C4511WD 16C551 

1.2 FEATURES 

Fully programmable serial interface charac
teristics including: 

- 5-, 6-, 7-, or 8-bit characters 

- Even, odd, or no parity bit generation/detection 

- 1, 1-1/2, or 2 stop-bit generation 

- DC to 512 Kbaud rate generation 

Tri-state TTL drive capabilities for bidirectional 
data bus and control bus 

Loopback controls for communications link 
fault isolation 

Line break generation and detection 

False start-bit detection 

NC 
NC 
NC 
vss 

DBO 
DBl 
DB2 
DB3 
DB4 
DBS 
DBS 
DB7 

TxiiiiYo' 
v"" 

RTsO 
iiTAo 

SOUTO 

• INTERNAL NO CONNECTS FOR __ _ 
WD16C451/16C451A116C451B, RXRDYO 

NC 
INT2IM2" 
SLiN 
iNti' 
AFD 
5Tii 
vss 
PDO 
POl 
PD2 
PD3 
PD4 
PDS 
PDS 
PD7 
INTO 
BOO 

(PIN 9) AND TXRDYO (PIN 22) FOR WD16C551. 
.. INT2 FOR WD16C451/16C451AAND INT2 FOR 

WD16C551/16C451B. 

-PIN QUAD 

11/15/90 1-1 



WD16C4511WD16C551 

Complete status reporting capabilities 

Generation and stripping of serial 
asynchronous data control bits (start, stop, 
parity) 

Programmable baud rate generator and 
MODEM control signals 

Fully prioritized independent interrupt system 
controls 

CMOS implementation for high-speed, low
power requirements 

• 68-pin QUAD package 

AVAILABLE VERSIONS 

WD16C451 with: 
- Centronics (PC/AT) compatible bidirectional 

parallel port for direct printer interface 

INTRODUCTION 

WD16C451 A with: 
- Centronics (PC/AT) compatible bidirectional 

parallel port for direct printer interface 

- Crystal-controlled external clock input 

WD16C451 B with: 
- PS/2-compatible bidirectional parallel port 

- Crystal-controlled external clock input 

WD16C551 with: 
- PS/2-compatible bidirectional parallel port 

- 16-byte transmit and receive FIFO buffers 
for CPU relief during high-speed data transfer 

- Programmable 1-, 4-, 8-, or 14-byte FIFO 
threshold levels on each receive channel 

- Two modes of DMA signaling for transfer of 
data characters to and from FIFO buffers 

1-2 11/15/90 



INTRODUCTION WD16C4511WD16C551 

AD 

AI 

fo2 

lOW 

lOA 

CLKlXTAUt 

XTAL2t 

MR 
BDO 

-
== ------~ 
~ 

SELECT 
AND 

CONTROL 
LOGIC 

CSo_ 
ACE 

TXADYO*-4- SELECT & 

RXRDYO*"-
CONTROL 

LOGIC 

-

ACE 1 
----------------------------

ACVAtt I ACVA SHIFT 
REGISTER REGISTER 

A 

XMTtt I J XMTSHIFT I 
I REGISTER I I REGISTEA I 

A 

MODEM 
CONTROL 

I 
I I 
I 
I I 
I I 
I I 
1 ______ ----------------- ______ 1 

DATA 
00-07 ~ BUS 

BUFFER 

EAA_ 
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WD 16C4511WD 16C551 SIGNAL DESCRIPTIONS 

2.0 SIGNAL DESCRIPTIONS 
Figure 2-1 illustrates the 68-Pin QUAD assembly. Table 2-1 lists all signal descriptions. 
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FIGURE 2-1. WD16C451/WD16C551 68-PIN QUAD ASSEMBLY PIN DESIGNATIONS 
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SIGNAL DESCRIPTIONS WD16C4511WD16C551 

PIN MNEMONIC DESCRIPTIONS 
1 BIDEN Bidirectional Enable 

Input signal in WD16C451 116C451 A when low enables the paral-
lel port data lines as outputs. When high, the WD16C451 
116C451 A will hold the parallel port data pins in a high-impedance 
state, allowing these pins to be driven with data. The BIDEN input 
signal on the WD16C551/16C451 Bworks in conjunction with the 
DIR bit (see Table 6-3) to control the direction of the parallel port 
data bit. 

2,6-8, 13,42, 27, Vss Ground 
43 54 61 62 System sionaloround. 
3,23,40,64 Vcc Power Supply 

+5V power supplV. 
WD16C451116C551 

4 ClK (limes 1) Clock Input 
External clock input. 

5 Vss Ground 
System signal ground. 
WD16C451A!16C5518 

4 XTAl1 External Clock In 
Connects the crystal to the ACE baud rate divisor circuit. 

5 XTAl2 External Clock Out· 
Connects the crystal to the ACE baud rate divisor circuit. 

9 RXRDYO. Receiver Ready 
Receiver ready output is used to signal DMA transfer to the CPU 
from the ACE. Two modes of operation are available in FIFO. 
Mode, and one (Mode 0) in Chararacter Mode. 

Mode 0: When in Character Mode (FCRO=O), or in the FIFO. Mode 
(FCRO=1) with FCR3=O, RXRDY will be active (low) if there is at 
least one character in the RCVRholding register or RCVR FIFO. 
register. RXRDY will go inactive when the RCVR FIFO. buffer 
(FIFO. Mode), or holding register (Character Mode) is empty. 

Mode 1: In FIFO Mode (FCRO=1) with FCR3=1, RXRDY will go 
active (low) when the trigger level or time out has been reached. 
RXRDY goes inactive (high) when the FIFO. buffer is empty. 

t.) These pins are internal no-connects on the WD16C451. 

TABLE 2-1. SIGNAL DESCRIPTIONS 
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WD16C451/wD16C551 SIGNAL DESCRIPTIONS 

'0, PIN MNEMONIC, " DESCRIPTION 
f .. ~ 

10-12 NC No connection ' 
, Internally not connected. 

14-21 DBO-DB7 Data Bits 
Tri-state, bidirectional communication lines between the internal 
registers and Data Bus. DO is the LSB and the first serial trans-
mitted or received bit. 

22 TXRDYO· Transmitter Ready FIFO Control 
Transmit ready output is used to signal. DMA transfer to the CPU 
from the ACE. Two modes of operation are available when using 
FIFO Mode,and one (Mode 0) when using Character Mode. 

Mode 0: In Character Mode (FCRO=O) or in FIFO Mode (FCRO=1) 
with FCR3=0, TXRDY will be active (low) if there are no characters 
in the Xmit FIFO buffer (FIFO Mode) or Xmit holding register 
(Character Mode). TXRDY will go inactive after the first character 
is loaded. 

Mode 1: In FIFO Mode (FCRO=1) with FCR3=1, if there is one or 
more unfilled position in the Xmit FIFO TXRDYO will be active 
(low). TXRDYO goes inactive when the FIFO buffer is completely 
full. 

24 RTSO Request to Send 
Output when low informs the MODEM or data set that the ACE is 
ready to transmit data. )"his value is reflected in bit 1 of the 
MODEM Control Reaister. 

25 DTRO Data Terminal Ready 
Output when low informs the MODEM or data set that the ACE is 
ready to receive~ This value is reflected in bit 0 of the MODEM 
Control Register. 

26 SOUTO Serial Data Output 
Transmitted Serial Data Out to the communication link from the 
ACE.SOUT is set to ,a marking condition (logical 1) on a Master 
Reset. 

28 CTSO Clear to Send 
Input from DCE to the ACE indicating remote device is ready to 
transmit This value is reflected in bit 4 of the MODEM Status 
Register. 

I ( .) These pins are internal no-connects on the W016C451. : 

TABLE 2-1. SIGNAL DESCRIPTIONS (Continued) 
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SIGNAL DESCRIPTIONS WD 16C4511WD 16C551 

PIN MNEMONIC DESCRIPTION 
29 RLSDO Received Line Signal Detect 

IInput from the DCE indicating that the ACE is receiving a signal 
that meets its signal quality conditions. Bit 3 of the MODEM 
Status ReQister reflects this value. 

30 RIO Ring Indicator 
Input when low indicates a ringing signal being received by the 
MODEM or data set. This logical value is reflected in bit 6 of the 
MODEM status Register. 

31 DSRO Data Set Ready 
When low, this input signal from the communication link indicates 
that it is ready to exchange data with the ACE. Bit 5 of the 
associated MODEM Status Register reflects the DSR logical 
state. 

32 CSO Chip Select 0 
Chip Select input when active (low) selects serial channel O. 

33 thru 35 A2, Al, AO Address IinesA2-AO 
These three inputs are used to select an internal register of the 
ACE, or parallel port. 

36 lOW Input/Output Write Strobe 
Input when active (low), causes data from the data bus (DBO-DB7) 
to be input to the selected port's addressed register. The data will 
be written to the register chosen by AO-A2 and the port is chosen 
by CSO or CS2 to be ACE parallel port, respectively. 

37 lOR Input/Output Read Strobe 
Input active (low) will display data from the selected internal 
register on the data bus DBO-DB7. The chip select line deter-
mines within which port the register being accessed resides, and 
AO-A2 choose the internal register to be read. 

38 CS2 Chip Select 2 
Chip Select input when active {low). enables the line printer port. 

39 Reset Reset 
Input when active (low), will force the device into an idle mode 
where all serial data activity is suspended. The device will remain 
in an idle state until programmed to begin data activities. 

41 SINO Serial Data Inputs 
Received Serial Data Input from the communication link to the 
ACE. Data on the serial data inputs are disabled when exercising 
loopback mode, and internally connected to their respective SIN 
lines. 

TABLE 2-1. SIGNAL DESCRIPTIONS (Continued) 
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WD16C451/WD16C551. . SIGNAL DESCRIPTIONS 

PIN MNEMONIC DESCRIPnON c 

44 BOO Bus Buffer Output 
Output goes active when either the serial channel or the parallel 
port is serial channel or the parallel port is selected as an output. 
BOO is used to control the system bus driver device (74LS245). 

45 INTO· Serial Channel Interrupt 
Tri"state output (enabled by bit 3 of MCR) goes high whenever an 

. enabled interrupt is pending. INT is reset when the pending 
interrupt(s) are serviced or a Master Reset is performed. 

46-53 PD7-PDO Parallel Data Bits " 

. Bidirectional data port which provides parallel input and output to 
the system. 

. ' The 8 lines are held in a high impedance state when BIDEN is high . 

55 STBt Line Printer,Strobe '". ... .. 
OutpLit line, when active, provides the line printer with a signal to 
latch the data currently on the parallel port. 

56 AFDt Line Printer Autofeed 
Output line, when active, provides a signal for the line printer to 
autofeedcontinuous form paper. 

57 INITt Line Printer Initialize 
Output line to printer, when active (low), signals the line printer to 
begin an initialization routine. 

58 SLlNt Line Printer Select 
Output line, when activeOowJ, selects the printer. 

59 I NT2I1NT2tt Interrupt Printer Port 
Tri-state output enabled by bit 4 of WCR. For the 
WD16C451/16C451A, INT2 goes active high on the risi!!9.Jransi-
tion of ACK and reset (low) on the falling transition of ACK. For 
the WD16C551 /16C451 B, INT2 goes active low on the rising edge 
of ACK. INT 2 is reset (high) on the rising edge of lOR, when 
reading the parallel port status register. 

60 NC No connection 
Internally not connected. 

63 ERR Line Printer Error 
Input line from the line printer, informs the parallel port of an error 
by inputting an active low signal. Set low by the printer upon a 
deselect condition, PE, or other error condition. 

(t) These outputs are open drain with internal pull-u~ 
(ft) This pin is INT2 fro WD16C451/16C451 A and INT2 for WD16C551/16C451B. 

TABLE 2-1. SIGNAL DESCRIPTIONS (Continued) 

1-8 11115/90 



SIGNAL DESCRIPTIONS WD16C4511WD16C551 

PIN MNEMONIC DESCRIPTION 
65 SLCT Line Printer Select 

Input from the line printer that goes high when the line printer has 
been selected. 

66 BUSY Line Printer Busy 
Input from the line printer that goes high when the line printer has 
an operation in prOQress. 

67 PE Line Printer Paper Empty 
Input from the line printer goes high when the printer is out of 

Ipc:tper. 
68 ACK Line Printer Acknowledge 

Input from the line printer that goes low to confirm the data transfer 
from the WD16C451/16C551 to the printer was successful. 

TABLE 2-1. SIGNAL DESCRIPTIONS (Continued) 
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3.0 SERIAL CHANNEL REGISTERS 
3.1 SERIAL PORT REGISTER 

ADDRESSING 
Chip Select (CSO): When CSO is low, registers 
for the serial channel can be accessed. 

Master Reset: 
A low level input on this pin causes the ACE 
to reset to the condition listed in Table 3-1 . 

Software Reset: 
A software reset is performed by writing to the 
Divisor Latches, forcing the transmitter and 
receiver to an Idle Mode. (Registers are not 
reset by this operation.) Prior to enabling 
interrupts, the LSR and RBR registers should 
be read to clear out any data. This is used to 

DLAB A2 A1 AO 

0 0 0 0 

0 0 0 1 

X 0 1 0 

X 0 1 0 

X 0 1 1 

X 1 0 0 

X 1 0 1 

X 1 1 0 

X 1 1 1 

1 0 0 0 

1 0 0 1 

SERIAL CHANNEL REGISTERS 

return to a known state without resetting the 
system. 

Chip Select (CSO) and register select (AO, A 1, 
A2) signals must be stable for the duration of a 
read or write operation. 
Register Select (AO, A 1, A2): To select a register 
for read or write operation, see table 2-1 

NOTE: 
Divisor Latch Access Bit (DLAB) is the MSB of the 
line Control Register. DLAB must be programmed 
high (logic 1) by the system software to access the 
Baud Rate Generator Divisor Latches. 

REGISTER 

Receiver Buffer Register (read), Transmitter 
Holding Register (write) 

Interrupt Enable Register 

Interrupt Identification Register (read only) 

FIFO Control Register (write only) 

line Control Register 

MODEM Control Register 

line Status Register (read only) 

MODEM Status Register 

Scratch Pad Register 

Divisor Latch Register (least significant byte) 

Divisor Latch Register (most significant byte) 

TABLE 3-1. REGISTER ADDRESSING 
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ACE OPERATIONAL DESCRIPTION WD16C4511WD16C551 

4.0 ACE OPERATIONAL DESCRIPTION 
4.1 MASTER RESET 4.2 ACE ACCESSIBLE REGISTERS 

A low-level input on this pin causes the ACE to reset The system programmer has access to any of the 
to the condition listed in Table 4-1. registers as summarized in Table 4-2. For in

dividual register descriptions, refer to the following 
pages under register heading. 

REGISTER/SIGNAL RESET CONTROL RESET STATE 
Receiver Buffer ReQister First Word Received Data 

Transmitter Holding Register Writing into the Data 
Transmitter HoldinQ ReQister 

Interrupt Enable Register Master Reset All Bits Low (0-3 forced 
and 4-7 permanent) 

Interrupt Identification Register Master Reset Bit 0 is High and Bits 1-3; 6 
and 7 are forced Low. Bits 4 

and 5 are permanently Low 

Line Control Register Master Reset All Bits Low 

MODEM Control Register Master Reset All Bits Low 

Line Status Register Master Reset All Bits Low, except Bits 5 
and 6 are HiQh 

MODEM Status Register Master Reset Bits 0-3 Low, 
Bits 4-7 at Input SiQnal 

Divisor Latch (low order byte) WritinQ into the Latch Data 

Divisor Latch (high order byte) Writing into the Latch Data 

SOUT Master Reset High 

BDO BDO = RCLK • lOR High 
(At Master Reset, the CPU 
sets RCLK and lOR = Low 

when device is selected.) 

INTO (RCVR ERRS) Master Reset/Read LSR Low 

INTO (RCVR DATA READY) Master Reset/Read RBR Low 

INT2 (WD16C451/WD16C451A) Master Reset/ACK (High) Low 

INT2 (WD16C551/WD16C451B) Master Reset/Read PPSR High 

RTS Master Reset High 

DTR Master Reset High 

RCVR FIFO Counter MR or FCR1 • FCRO or 6FCRO All Bits Low 
~ (WD16C551 Only) 

XMIT FIFO Counter MR or FCR1 • FCRO or 6FCRO All Bits Low 
I (WD16C551 only) 

FIFO CONTROL (WD16C551 only) Master Reset All Bits Low 

D7 - DO Data Bus Lines In Tri-state Mode, Tri-state 
Unless lOR = Low Data (ACE to CPU) 
or lOW = Low when Data (CPU to ACE) 
Device is Selected 

TABLE 4·1. RESET CONTROL OF REGISTERS AND PINOUT SIGNALS 
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WD16C4511WD16C551 ACE OPERATIONAL DESCRIPTION 

REGISTER ADDRESS 
o DLAB=O o DLAB=O 1 DLAB=O 2 2 3 

Bit Receiver Transmitter Interrupt Interrupt FIFO Control Line 
No. Buffer Holding Enable Identification Register Control 

Register Register Register Register (Write Only) Register 
I (Read Only) ! (Write Only) (Read Only) 

0 Data BitO Data Bit 0 Enable "0" if FIFO Word Length 
Received Interrupt Enable Select Bit 
Data Pending (Write Only) o (WLSO) 
Available (IP) , (FEWO) 
Interrupt 

I (ERBFI) 

1 Data Bit 1 Data Bit 1 Enable Interrupt Rcvr Word Length 
Transmitter ID BitO FIFO Select Bit 
Holding (IIDBO) Reset 1 (WLS1) 
Register (RFR) 
Empty 
Interrupt 
(ETBEI) 

2 Data Bit 2 Data Bit 2 Enable Interrupt Transmitter Number of 
Receiver ID Bit2 FIFO Stop Bits 
Line Status (IIDB2) Reset (STB) 
Interrupt (TFR) 
(ERLSI) 

3 Data Bit3 Data Bit 3 Enable Interrupt DMA Parity 
MODEM ID Bit3 Mode Enable 
Status (IIDB3) • Select (PEN) 
Interrupt (DMS) 
I (EDSSI) 

4 Data Bit4 Data Bit 4 0 0 Reserved Even 
Parity 
Select 
'(EPS) 

5 Data Bit5 Data Bit 5 0 0 Reserved Stick Parity 
(STP) 

6 Data Bit 6 Data Bit 6 0 FIFO Rcvr FIFO Set Break 
Enabled· Trigger Level Control 
(READ ONLY) 

I (FERO) 
(LSB)(RTLSB) (SBR) 

7 Data Bit 7 Data Bit 7 0 FIFO Rcvr FIFO Divisor 
Enabled • Trigger Level Latch 
(READ ONLY) (MSB) Access Bit 

I (FERO) (RTMSB) (DLAB) 
(. ) These bits are 0 in Character Mode. 

TABLE 4-2. ACCESSIBLE WD16C451/WD16C551 REGISTERS 
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ACE OPERATIONAL DESCRIPTION WD16C4511WD16C551 

REGISTER ADDRESS 
4 5 6 7 o DLAB=1 1 DLAB=1 

Bit MODEM Line MODEM Scratch Divisor Divisor 
No. Control Status Status Pad Latch Latch 

Register Register Register Register I (LSB) I(MSB) 
0 Data Data Delta Bit 0 BitO Bit 8 

Terminal Ready Clear to 
Ready (DR) Send 

ICDTR) I (DCTSt 
1 Request Overrun Delta Bit 1 Bit 1 Bit 9 

to Send Error Data Set 
(RTS) (OE) Ready 

I(DDSR) 

2 Not Parity Trailing Bit 2 Bit 2 Bit 10 
Connected Error Edge Ring 
(NC) (PE) Indicator 

:(TERI) 
3 Interrupt Framing Delta Bit 3 Bit 3 Bit 11 

(Int) Error Receive 
(FE) Line Signal 

Detect 
(DRLSD) 

4 Loop Break Clear to Bit 4 Bit4 Bit 12 
Interrupt Send 
(BI) (CTS) 

5 0 Transmitter Data Set Bit 5 Bit 5 Bit 13 
Holding Ready 
Register (DSR) 
E m p t y 
(THRE) 

6 0 Transmitter Ring Bit 6 Bit6 Bit 14 
Empty Indicator 
(TEMT) I (RI) 

7 0 Error in Received Bit 7 Bit 7 Bit 15 
RCVR Line Signal 
FIFO Detect 

I (EIRF) I(RLSD) 
(. ) These bits are 0 in Character Mode. 

TABLE 4·2. ACCESSIBLE WD16C451IWD16C551 REGISTERS (Contd) 
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4.3 LINE CONTROL REGISTER 

Bits 0 and 1: These two bits specify the number of 
bits in each transmitted or received serial character. 
The encoding of bits 0 and 1 are as follows: 

Bit 1 Bit 0 Word Len~th 
0 0 5 bits 
0 1 6 bits 
1 0 7 bits 
1 1 8 bits 

Bit 2: This bit specifies the number of stop bits in 
each transmitted or received serial character. If bit 
2 is logic 0, 1 Stop bit is generated or checked in 
the transmit or receive data, respectively. If bit 2 is 
a logic 1 when a 5-bit word length is selected via 
bits 0 and 1, 1-1/2 Stop bits are generated or 
checked. If bit 2 is a logic 1 when either a 6-, 7-, or 
8-bit word length is selected, 2 Stop bits are 
generated or checked. 

Bit 3: This bit is the Parity Enable bit. When bit 3 
is a logic 1 , a Parity bit is generated (Transmit data) 
or checked (Receive data) between the last data 
word bit and Stop bit of the serial data. (The Parity 
bit is used to produce an even or odd number of 1 's 
when the data word bits and the Parity bit are 
summed.) 

Bit 4: This bit is the Even Parity Select bit. When 
bit 3 is a logic 1 and bit 4 is a logic 0, an odd number 
of logic 1 s is transmitted or checked in the data word 
bits and Parity bit. When bit 3 is a logic 1 and bit 4 
is a logic 1, an even number of bits is transmitted 
or checked. 

Bit 5: This bit is the Stick Parity bit. When bit 3 is 
a logic 1 and bit 5 is a logic 1, the Parity bit is 
transmitted and then detected by the receiver in the 
opposite state indicated by bit 4. 

Bit 6: This bit is the Set Break Control bit. When 
bit 6 is a logic 1, the serial output (SOUT) is forced 

ACE OPERATIONAL DESCRIPTION 

to the Spacing (logic 0) state and remains there 
(until reset by a lOW-level bit 6) regardless of other 
transmitter activity. This feature enables the CPU 
to alert a terminal in a computer communications 
system. 

Bit 7: This bit is the Divisor Latch Access Bit 
(DLAB). It must be set high (logic 1) to access the 
Divisor Latches of the Baud Rate Generator during 
a Read or Write operation. It must be set low (logic 
0) to access the Receiver Buffer, the Transmitter 
Holding Register, or the Interrupt Enable Register. 

4.4 ACE PROGRAMMABLE BAUD RATE 
GENERATOR 

The ACE contains a programmable Baud Rate 
Generator capable of taking any clock input (dc to 
8.0 MHz) and dividing it by any divisor from 1 to (216 

- 1). The output frequency of the Baud Generator 
is 16X the baud rate. Two 8-bit latches store the 
divisor in a 16-bit binary format. These Divisor 
Latches must be loaded during initialization in order 
to insure desired operation of the Baud Rate Gen
erator. Upon loading either of the Divisor Latches, 
a 16-bit Baud counter is immediately loaded. This 
prevents long counts on initial load. 

Tables 4-3, 4-4, and 4-5 illustrate the use of the 
Baud Generator with three different driving frequen
cies. One is referenced to a 1.8432 MHz clock. 
Another is a 3.072 MHz clock. The third is an 8.0 
MHz clock. 

NOTE: 
The maximum operating frequency of the Baud 
Generator is 8.0 MHz. 

In no case should the data rate be greater than 
512K baud. 
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Desired Divisor Used Percent Error 
Baud to Generate Difference Between 
Rate 16 Times Clock Desired and Actual 
50 2304 --
75 1536 --
110 1047 0.026 

134.5 857 0.058 
150 768 --
300 384 --
600 192 --
1200 96 --
1800 64 --
2000 58 0.690 
2400 48 --
3600 32 --
4800 24 --
7200 16 --
9600 12 --
19200 6 --
38400 3 --
56000 2 2.860 

TABLE 4-3. BAUD RATES USING 1.8432 MHz CLOCK 

Desired Divisor Used Percent Error 
Baud to Generate Difference Between 
Rate 16 Times Clock Desired and Actual 
50 3840 --
75 2560 --
110 1745 0.026 

134.5 1428 0.034 
150 1280 --
300 640 --
600 320 --
1200 160 --
1800 107 --
2000 96 --
2400 80 --
3600 53 0.628 
4800 40 --
7200 27 1.230 
9600 20 --
19200 10 --
38400 5 --
56000 3 14.285 

TABLE 4-4. BAUD RATES USING 3.072 MHz CLOCK 
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Desired Divisor Used Percent Error 
Baud to Generate Difference Between 
Rate 16 TImes Clock Desired and Actual 
50 10000 --
75 6667 0.005 
110 4545 0.010 

134.5 3717 0.013 
150 3333 0.010 
300 1667 0.020 
600 833 0.040 
1200 417 0.080 
1800 277 0.080 
2000 250 --
2400 208 0.160 
3600 139 0.080 
4800 104 0.160 
7200 69 0.644 
9600 52 0.160 
19200 26 0.160 
38400 13 0.160 
56000 9 0.790 
128000 4 2.344 
256000 2 2.344 
512000 1 2.344 

TABLE 4-5. BAUD RATES USING 80.0 MHz CLOCK 
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4.5 LINE STATUS REGISTER 

This 8-bit read only register provides status infor
mation to the CPU concerning the data transfer. Its 
contents are indicated in Table 4-2 and are 
described below. 

~it .0: This ~it is. the Receiver Data Ready (DR) 
indicator. Bit 0 IS set to a logic 1 whenever a 
complete incoming character has been received 
and transferred into the Receiver Buffer Register, 
or to the RCVR FIFO (when in FIFO Mode). Bit 0 
will be re~et to a logi~ 0 either by the CPU reading 
the data In the Receiver Buffer Register (for Char
acter Mode) or by writing a logic 0 into it from the 
CPU. 

In FIFO Mode Receiver Data Ready is set when the 
receiver shift register is loaded into the FIFO and 
reset when the receiver FIFO is empty. 

B~t 1: .Th!s bit is the Overrun Error (OE) indicator. 
Bit 1 indicates that data in the Receiver Buffer 
Register was not read by the CPU before the next 
character was transferred into the Receiver Buffer 
Register, thereby destroying the previous charac
ter. The OE indicator is reset whenever the CPU 
reads the contents of the Line Status Register. 

When in FIFO Mode an OE occurs after the RCVR 
FIFO is full and the receiver shift register has com
pletely received the next character. An OE is indi
cated to the CPU as soon as it happens. The 
character in the shift register will be written over but 
nothing will be transferred to the FIFO. ' 

Bit 2: This bit is the Parity Error (PE) indicator. Bit 
2 indicates that the received data character does 
not have the correct even or odd parity, as selected 
by the even-parity-select bit. The PE bit is set to a 
logic 1 upon detection of a parity error and is reset 
to logic 0 whenever the CPU reads the contents of 
the Line Status Register. 

When in FI FO Mode a parity error is associated with 
a particular character in the FIFO buffer, and 
revealed to the CPU when the associated character 
is in the top of the FIFO buffer. 

B~t 3:. T~is bit is the Framing Error (FE) indicator. 
Bit 3 Indicates that the received character did not 
have a valid Stop Bit. Bit 3 is set to a logic 1 
whenever the Stop Bit following the last data bit or 
parity ~it is detected as a zero bit (Spacing Level). 
When In FIFO Mode, an FE is associated with a 

WD16C4511WD16C551 

particular character in the FIFO buffer, and revealed 
to the CPU when the associated character is in the 
top of the FIFO buffer. 

Bit 4: This bit is the Break Interrupt (BI) indicator. 
Bit 4 is set to a logic 1 whenever the received data 
input is held in the Spacing (Logic 0) state for longer 
t~an a full word transmission time (that is, the total 
time of Start Bit + data bits + Parity + Stop Bits). Bit 
4 is reset to logic 0 whenever the CPU reads the 
contents of the Line Status Register. Restarting 
a~er a break is received requires the SIN pin be 
high for at lease one-half bit time. 

When in FIFO Mode BI is associated to the par
ticular character in the FIFO buffer, and this bit is 
set when the associated character is in the top of 
the FIFO buffer. 

NOTE: 
Bits 1 through 4 are the error conditions that 
produce a Receiver Line Status interrupt whenever 
any of the corresponding conditions are detected 
and Receiver Line Status interrupt is enabled. All 
bits except bit 7 of the Status Register can be set 
or reset by writing to the register. 

Bit 5: This bit is the Transmitter Holding Register 
Empty (THRE) indicator. Bit 5 indicates that the 
ACE is ready to accept a new character for trans
mission. This bit also causes the ACE to issue an 
inter.rupt to the CPU when the Transmit Holding 
Register Empty Interrupt enable is set high. The 
THRE bit is set to a logic 1 when a character is 
~ransferred from the Transmitter Holding Register 
Into the Transmitter Shift Register. The bit is reset 
to logic 0 concurrently with the loading of the Trans
mitter Holding Register by the CPU. 

When in the FI FO Mode this bit will be set when the 
XMIT FIFO is empty, and cleared after at least one 
character is written into the XMIT FIFO buffer. The 
Transmitter FIFO Empty indications will be delayed 
one character time minus the last Stop bit time 
whenever the following occurs: the Transmitter 
FIFO buffer is empty and there have not been at 
least two chaacters in the Transmitter FIFO buffer 
at the same time since the last time that Transmitter 
FIFO buffer was empty. The first transmitter inter
rupt after changing the first bit of the FIFO Control 
Register will be immediate if it is enabled. 

Bit 6: This bit is the Transmitter Empty (TEMT) 
indicator. Bit 6 is set to a logic 1 when both trans
mitter registers (Transmitter Holding Register and 
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Transmitter Shift Register) are idle (empty). It is 
reset to a logic 0 upon loading of data into the 
Transmitter Holding Register. 

In FIFO Mode this bit is set when the XMIT FIFO 
buffer and SMIT Shift Register are both empty. It is 
cleared when at least one byte is written into the 
XMITFIFO. 

Bit 7: This bit (LSR7) is 0 when in Character Mode. 
When in FIFO Mode, this bit is a one if there is at 
least one parity error, framing error or break indica
tion in the FIFO buffer. LSR7 is cleared when this 
register is read as long as there are no addition 
errors in the FIFO buffer. 

4.6 INTERRUPT IDENTIFICATION 
REGISTER 

The ACE has an interrupt capability that allows for 
complete flexibility in interfacing to all popular 
microprocessors presently available. In order to 
provide minimum software overhead during data 
character transfers, the ACE prioritizes interrupts 
into four levels. The four levels of interrupt con
ditionsare as follows: Receiver Line Status (priority 
1); Received Data Ready (priority 2); Transmitter 
Holding Register Empty (priority 3);· and MODEM 
Status (priority 4). 

ACE OPERATIONAL DESCRIPTION 

Information indicating that a prioritized interrupt is 
pending and source of that interrupt is stored in the 
Interrupt Identification Register (refer to Table 3-2) 

This register (IIR), when addressed during chip
select time, freezes the highest priority interrupt 
pending and no other interrupts are acknowledged 
until the particular interrupt is serviced by the CPU. 
Its contents are indicated in Table 3-6 and are 
described below. 

Bit 0: This bit can be used in .either a hardwired 
prioritized or polled environment to indicate 
whether an interrupt is pending. When bit 0 is a 
logic 0, an interrupt is pending and the IIR contents 
may be used as a pointer to the appropriate inter
rupt service routine. When bit 0 is a logic 1, no 
interrupt is pending and polling (if used) continues. 

Bits 1 through 3: These three bits are used to 
identify the highest prioritiy interrupt pending (see 
Table 3-6). 

Bits 4 and 5: These bits are always logic O. 

Bits 6 and 7: These bits, when set, indicate that the 
device is in FIFO Mode (FCRO = 1). 
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INTERRUPT INTERRUPT SET AND RESET FUNCTIONS 
IDENTIFICATION 

REGISTER 

Bit 3 Bit 2 Bit 1 Bit 0 Priority Interrupt Interrupt Interrupt 
Level Flag Source Reset Control 

0 0 0 1 -- None None --
0 1 1 0 Highest Receiver Overrun Error Reading the 

Line Status or Parity Error Line Status 
or Framing Error Register 
or Break Interrupt 

0 1 0 0 Second Received Data Receiver Data Reading the 
Available Available Receiver Buffer 

Register 

1 1 0 0 Second Character No Characters Reading the 
Timeout have been input Receiver Buffer 
Identification or removed from Register 

RCVR FIFO buffer 
during the last four 
character times, 
and at least one 
character occupies 
it during this time. 

0 0 1 0 Third Transmitter Transmitter Reading the IIR 
Holding Holding Register (if source 
Register Register of interrupt) or 
Empty Empty Writing into the 

Transmitter 
Holding Register 

0 0 0 0 Fourth MODEM Clear to Send Reading the 
Status or Data Set or MODEM Status 

Ring Indicator Register 
or Received Line 
Signal Detect 

TABLE 4·6. INTERRUPT CONTROL FUNCTIONS 
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4.7 INTERRUPT ENABLE REGISTER 

This 8-bit register enables the four interrupt 
sources of· the ACE to separately activate the 
device Interrupt (INT) output signal, when bit 3 of 
MCR is a logic 1. Its contents are indicated in Table 
3-2 and are described below. It is possible to totally 
disable the interrupt system by resetting bits a 
through 3 of the Interrupt Enable Register. Similar
ly, by setting the appropriate bits of this register to 
a logic 1, selected interrupts can be enabled. Disa
bling the interrupt system inhibits the Interrupt Iden
tification Register and the active (high) INT output 
from the device. All other system functions operate 
in their normal manner, including the setting of the 
Line Status and MODEM Status Registers. 

Bit 0: This bit enables the Received Data Available 
Interrupt when set to logic 1. 

Bit 1: This bit enables the Transmitter Holding 
Register Empty Interrupt when set to logic 1. 

Bit 2: This bit enables the Receiver Line Status 
Interrupt when set to logic 1 . 

Bit 3: This bit enables the MODEM Status Interrupt 
when set to logic 1. 

Bits 4 through 7: These four bits are always 
logic O. 

4.8 SCRATCH PAD REGISTER 

This 8-bit register does not control or report status 
on any part of the ACE. It is a read/write register that 
can be used by the programmer to as a general 
purpose register. 

ACE OPERATIONAL DESCRIPTION 

4.9 FIFO CONTROL REGISTER 

This write only register is located at the same 
address as the IIR (read only). This register is used 
to enable FIFO Mode, clear FIFO buffers, set the 
RCVR FIFO trigger levels, and select the mode of 
DMA signaling. 

Bit 0: Writing a one to this bit enables the XMIT and 
RCVR FIFO buffers. When changing from Charac
ter Mode to FIFO Mode and vice versa, data in the 
FIFO buffers does not automatically clear. Reset
ting FCRO will clear all characters from RCVR Error 
FIFO. The FIFOs should be cleared immediately 
after changing to FIFO mode. This bit must be a 1 
before writing to other FCR bits or they will not be 
programmed. 

Bit 1: Writing a 1 to FCR1 will clear all bytes from 
RCVR Error FIFO and reset its counters to 0, and 
then self clear this bit to O. The shift register and 
RCVR FIFO are not cleared. . 

Bit 2: Functions the same as bit 1, but for XMIT 
FIFO. 

Bit 3: If FCRO = 1, setting FCR3 to a 1 will cause 
the RXRDY and TXRDY pins to change from Mode 
a to Mode 1 (See pin description of RXRDY and 
TXRDY). 

Bits 4 and 5: Reserved for future use. 

Bits 6 and 7: These bits control the trigger level of 
the RCVR FIFO interrupt. 

7 6 RCVR RFO TRIGGER 
LEVEL (BYTES) 

a a 01 
a 1 04 

1 a 08 

1 1 14 
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5.0 MODEM CONTROL REGISTER 
This B-bit register controls the interface either with 
the MODEM or data set (or a peripheral device 
emulating a MODEM). The contents of the 
MODEM Control Register are indicated in Table 4.2 

Bit 0: This bit controls the Data Terminal Ready 
(DTR) output. When bit 0 is set to a logic 1, the DTR 
output is forced to a logic O. When bit 0 is reset to 
a logic 0, the DTR output is forced to a logic 1. 

NOTE: 
The DTR output of the ACE may be applied to an 
EIA inverting line driver (such as the DS1488) to 
obtain the proper polarity input at the succeeding 
MODEM or data set. 

Bit 1: This bit controls the R~uest to Send (RTS) 
output. Bit 1 affects the RTS output in a manner 
identical to that described above for bit o. 

Bit 2: No connect. In loopback mode this bit is 
connected to the MODEM Status Register bit 6. 

Bit 3: This bit enables the INT output pin. When 
this bit is a logic 0 the INT output pin is tri-stated. In 
loop back mode this bit is connected to bit 7 of the 
MODEM Status Register. 

Bit 4: This bit provides a loopback feature for 
diagnostic testing of the ACE. When bit 4 is set to 
logic 1,the following occurs: the transmitter Serial 
Output (SOUT) is set to a logic 1 (high) state; the 
receiver Serial Input. (SIN) is disconnected; the 

Receiver Line Stalus INT ---, 

Receive Oala INT 

Time OullNT -~==~ 
THRE INT 

MODEM INT ---' 

Loopback (MCR4) ----<(] 

~D16~451/~D16~551 

output of the Transmitter Shift Register is "looped 
back" into the Receiver Shift R~er input; the four 
MODEM Control Inputs (CTS, DSR, RLSD, and RI) 
are disconnected; and the four MODEM Control 
outputs (0-3) are internally connected to the four 
MODEM Control inputs. The INT output pin is tri
stated when in loopback mode. In the diagnostic 
mode, data that is transmitted is immediately 
received~ This. feature allows the processor to 
verify the transmit- and receive-data paths of the 
ACE. 

In the diagnostic mode, the receiver and transmitter 
interrupts are fully operational. The MODEM Con
trollnterrupts are also operational butthe interrupts' 
sources are now the lower four bits of the MODEM 
Control Register instead of the four MODEM Con
trol inputs. The interrupts are still controlled by the 
Interrupt Enable Register. 

The ACE MODEM interrupt system can be tested 
by writing into the lower four bits of the MODEM 
Status Register. The resetting of these interrupts is 
the same as in normal ACE operation. To return to 
this operation, the registers must be reprogrammed 
for normal operation and then bit 4 must be reset to 
a logic O. 

Bits 5 through 7: These bits are permanently set to 
a logic 0 

INTO 
or 

INT1 

INT Enable (MCR3) ----i '-----

FIGURE 5-1. INTERRUPT SIGNAL LOGIC 
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6.0 MODEM STATUS REGISTER 
This 8-bit register provides the current state of the 
control lines from the MODEM (or peripheral 
device) to the CPU. Besides this information, four 
bits of the MODEM Status Register provide change 
information. These bits are set toa logic 1 when
ever a control input from the MODEM changes 
state. They are reset to logic 0 whenever the CPU 
reads the MODEM Status Register. 

The Contents of the MODEM Status Register are 
indicated in Table 3.2 and are described below. 

Bit 0: This bit is the Delta Clear to Send (DCTS) 
indicator. Bit 0 indicates that the CTS input to the 
device has changed state since the l.ast time it was 
read by the CPU. 

Bit 1: This bit is the Delta Data Set Ready (DDSR) 
indicator. Bit 1 indicates that the DSR input to the 
device has changed since the last time it was read 
by the CPU. 

Bit 2: This bit is the Trailing Edge of Rin9..1ndicator 
(TERI) detector. Bit 2 indicates that the RI input to 
the device has changed from an On (logic 1) to an 
Off (logic 0) condition. 

Bit 3: This bit is the Delta Received Line Signal 
Detector (DRLSD) indicator. Bit 3 indicates that the 
RLSD input to the chip has changed state. 

NOTE: Whenever bit 0, 1, 2, or 3 is set to logic 1, 
a MODEM Status Interrupt is generated. 

Bit 4: This bit is the complement of the Clear to 
Send (CTS) input. This bit becomes equivalent to 
RTS of the MODEM control register, if Bit 4 of the 
MODEM control register is set to 1. 

Bit 5: This bit is the complement of the Data Set 
Ready (DSR) input. This bit becomes equivalent to 
DTR of the MODEM control register, if Bit 4 of the 
MODEM control register is set to 1 . 

Bit 6: This bit is the complement of the Ring In
dicator (RI) input. This bit becomes equivalent to 
Bit 2 of the MODEM Control Registe~, if Bit 4 of the 
MODEM Control Register is set to 1. 

MODEM STATUS REGISTER 

8.it 7: This bit.is the complement of the Received 
Line Signal Detect (RLSD) input. This bit becomes 
equivalent toBit 3 of the MODEM Control Register, 
if Bit 4 of the MODEM Control Register is set to 1. 

6.1 FIFO INTERRUPT MODE OPERATION 
NOTES 

When FCRO=1 and IERO=1 the following RCVR 
interrupts will occur: 

1. A FIFO timeout interrupt occurs when: 

a. There is at least one byte in the RCVR 
FIFO buffer 

b. No character has been received in 4 
continuous character times (if 2 stop bits 
are being used the second one is included 
in this time delay). 

c. The most recent CPU rea:d from the FIFO 
buffer has exceeded 4 continuous 
character times. 

The timeout counter is proportional to the baud 
rate. After a timeout interrupt, the interrupt is 
cleared and the timer is reset when the CPU 
reads a character from the RCVR FIFO. 

2. When the RCVR FIFO buffer reaches its 
programmed trigger level the receive data 
interrupt is set. This interrupt is cleared as 
soon as the FIFO buffer level falls below 
the trigger level. 

6.2 FIFO POINTER NOTES 

The .RCVR FIFO has an internal pointer that 
automataically points to the RCVR Data byte to be 
read and the associated Status byte. Reading the 
RCVFt Data byte will increment the internal counter, 
whereas reading the Status byte will not. The 

. Sta,us byte should always be read prior to the Data 
byte associated with it. 
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6.3 FIFO POLLING MODE OPERATION 
NOTES 

This mode is initialized when FCRO=1 and IERO, 
IER1, IER2, and IER3 are all O. In polling mode the 
user must poll the LSR to check the transmitter and 
receiver status. Since the receiver and transmitter 

WD16C4511WD16C551 

are controlled separately either one or both can be 
in polling mode. 

There is no trigger level reached or timeout condi
tion indicated in the FIFO Polling Mode, however, 
the RCVR and XMIT FIFOs are still fully capable of 
holding characters. 
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7.0 PARALLEL PORT DESCRIPTION 
The parallel port supports Centronics-type printers. 
When CS2 is low, the parallel port is selected 
allowing access to all parallel port control and status 
registers. (Refer to Tables 7-1 and 7-2.) 

Register Descriptons: 
Read Port Register 

Bits 0 through 7: These bits correspond to the 
data on the parallel bus. This register is used 
to read the data from the parallel bus. 

Read Status Register 
Bits 0 through 1: These bits are set to a logic 
one. 

Bits 2: This bit represents the status of the 

A1 AO lOR 
0 0 0 
0 1 0 
1 0 0 
1 1 0 
0 0 1 
0 1 1 
1 0 1 
1 1 1 

PARALLEL PORT DESCRIPTION 

INT pin. This bit is only available in the 
WD16C5511 WD16C451 B. 

Bits 3 through 7: These bits represent the 
status of the corresponding pins. Refer to 
Table 7-2. 

Read Control Register 
Bits 0 through 3: These bits show the status 
of the corresponding pins. Refer toTable 7-2. 

Note: These values reflect the signal on the 
open drain outputs, not necessarily the value 
in the write control register. 

lOW REGISTER 
1 Read Data 
1 Read Status 
1 Read Control 
1 Invalid 
0 Write Data 
0 Invalid 
0 Write Data 
0 Invalid 

TABLE 7-1. PARALLEL PORT (CS2=O) REGISTER ADDRESSES 

BIT READ READ READ WRITE WRITE 
NO. PORT STATUS CONTROL CONTROL DATA 

0 1 2 2 0 
0 Data Bit 0 1 Strobe Strobe Data Bit 0 
1 Data Bit 1 1 Autofd Autofd Data Bit 1 
2 Data Bit 2 INT. Init Init Data Bit 2 
3 Data Bit 3 Error Slin Slin Data Bit 3 
4 Data Bit 4 Sict Irq Enb Irq Enb Data Bit 4 
5 Data Bit 5 PE 1 DIR • Data Bit 5 
6 Data Bit 6 Ack 1 1 Data Bit 6 
7 Data Bit 7 Busy 1 1 Data Bit 7 

I (.) These bits are 0 in Character Mode. 

TABLE 7-2. ACCESSIBLE PARALLEL PORT REGISTERS 
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Bit 4: This bit represents the status of INT2 
being enabled. INT2 is enabled when this bit 
is set to one. 

Bits 5 through 7: These bits always return to 
a logic one. 

Write Port Register 
Bits 0 through 7: These bits correspond to the 
data to be placed on the parallel bus. This 
register is used to write data to the parallel bus 
based on Table 7-3. 

PORT MODE PORT DIRECTION 

Extended Write 

Extended Write 

Extended Read 

Compatible Write 

Compatible Read 

WD16C4511WD16C551 

Write Control Register 
Bits 0 through 4: Writing to these bits will set 
the output of the corresponding pins. 

Bit 5: The Direction bit works in conjunction 
with the BIDEN pin to determine the direction 
of the parallel port data bus in extended mode, 
as described in the table below. This bit is only 
availabe in the WD16C551IWD16C451 B, 
and is a write-only bit. 

PIN1 BIDEN DIRECTION BIT 

1 0 

0 X 

1 1 

0 N/A 

1 N/A 

TABLE 7-3. PARALLEL PORT OPERATION MODES 

REGISTER/SIGNAL RESET CONTROL RESET STATE 

Control Master Reset All bits low. 

Data (Write) Master Reset All bits low. 

Data (Read) Master Reset Data 

Status Master Reset Bits 0-2 are high, 
Bits 3~7 are ERR, SLCT, 
PE, ACK and Busy inputs. 

INT2 Master Reset High Impedance 

SUN Master Reset High 

INIT Master Reset Low 

AFD Master Reset High 

STB Master Reset High 

TABLE 7-4. REGISTERS/SIGNALS PARALLEL PORT RESET CONTROL 
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8.0· TYPICAL APPLICATIONS 
Figures 8-1 and 8-2 show how to use the ACE devices in a 80286 system and in a microcomputer 
system with a high-capacity data bus. 
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9.0 CRYSTAL MANUFACTURERS (Partial List) 
American Time Products Division 
Frequency Control Products Inc 
Woodside, NY 11337 

Bliley Electric Company 
Erie, PA 16508 

Cryster Crystals 
Whitby, Ontario 

Erie Frequency Control 
Carlisle, PA 17013 

Q-Matic Corporation 
Costa Mesa, CA 92626 

CRYSTAL SPECIFICATIONS 

Frequency: 1.8432 MHz, 3.072 MHz, and 
8.0 MHz 

Type: Microprocessor Crystal 

Series Resistance: 
200-500 Ohms at 1.8432 MHz 
100-200 Ohms at 3.072 MHz 
20-40 Ohms at 8.0 MHz 

Series Resonant 
Overall Toler.ance: ± 0.01% 
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Vee 

DRIVER 

OSC 
OPTIONAL CLOCK 

OPTIONAL DRIVER -=- ~~~AUD 
CLOCK I---+------+-+ LOGIC 
OUTPUT XTAl2 

XTAl1 

~I 

FIGURE 9-1. EXTERNAL CLOCK INPUT 
(8.0 MHz MAXIMUM) 
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XTAL1 

IC1 
R1 

c=J Crystal' 

R2 

XTAL2 

I C2 
--

Crystal R1 

8.0 MHz 1MOhm 

3.1 MHz 1M Ohm 

1.8 MHz 1MOhm 

WD16C4511WD16C551 

WD16C451A116C451B 

Vee 

OSC 
CLOCK TO 

- BAUDGEN -
LOGIC 

R2 C1 C2 

0-100 Ohm 5-10 pF 20-40 pF 

0-100 Ohm 10-20 pF 100-200 pF 

0-100 Ohm 10-20 pF 100-200 pF 

EXAMPLE 

FIGURE 9-2. TYPICAL CRYSTAL OSCILLATOR NETWORK 

11/15/90 1-29 



WD16C4511WD16C551 

APPENDIX A 

A.O DC OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 

Temperature 

DC OPERATING CHARACTERISTICS 

Under Bias ................................. O'C (32'F) to 70'C (1S8'F) 

Storage Temperature .......................... -6S'C (-8S'F) to + 1S0'C (302'F) 

All Input or Output Voltages 
With respect to Vss ........................... -O.SV to +7.0V 

Power Dissipation WD16C4S1IWD16CSS1 ........ 300 mW 

Absolute maximum ratings indicate limits beyond which permanent damage may occur. Continuous 
operation at these limits is not intended; operation should be limited to those conditions specified under 
DC Operating Characteristics 
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WD16C451 IWD16C551 

TEST 
SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

Vilx Clock Input Low Voltage -0.5 0.8 V 

Vihx Clock Input High Voltage 2.0 Vee V 

Vii Input Low Voltage -0.5 0.8 V 

Vih Input High Voltage 2.0 Vee V 

Vol Output Low Voltage 0.4 V 101 = 4.0 mA on DBO-DB? 
101 = 24 mA on PDO-PD? 
101 = 20 mA on INIT, STB, 
SUN, AFD 
(NOTE). 
101 = 2.0 mA on other outputs. 

Voh Output High Voltage 2.4 V loh = 4.0 mAon DBO-DB? 
loh = 15.0 mA on PDO-PD? 
loh = 0.55 mA on IN IT, 
AFD, STB, SUN. 
loh = 0.2 mA on other outputs. 

Icc Power Supply Current 60 mA Vee = 5.25V, no load~ 
outputs: SINO, SIN1, DSRO, 
DSR1, RLSDO......B.LSD1, 
CTSO, CTS1, RIO, RI1 = 2.0V. 
Other inputs = 0.8V. 
Baud Rate = 512K. 
BRG =8 MHz. 

Iii Input Leakage 8310 uA Vee = 5.25V, Vss = O.OV. 
All other pins float. 

Icl Clock Leakage ±10 uA Vin = O.OV, 5.25V. 

Idl Data Bus Leakage ±10 uA Vout = O.4V, Vout = 4.6V 
Data Bus in High 
Impedance State. 

loz Tri-state Leakage ±20 uA Vcc = 5.25V, GND = OV, 
Vout = O.OV, 5.25V. 

Vii (RES) Reset Schmitt Vii 0.8 V 

Vih (RES) Reset Schmitt Vih 2.0 V 

NOTE: The SUN, AFD, STB and INIT outputs are all open collector with 2.5K to 3.5K Ohms internal pull-up 
resistors. When in Vol state, each input will sink a minimum of 20 mAo The internal pull-ups generate 2.0 
mA of internal 101. 

Ta = O'C (32'F) to = ?O'C (158'F), Vcc = +5V±5%, Vss = OV, unless otherwise specified. 

TABLE A-1, DC OPERATING CHARACTERISTICS 
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WD16C451/WD16C551 

TEST 
SYMBOL CHARACTERISTIC TVP MAX UNITS CONDITIONS 

Cxin Clock Input 15 20 pF fc = 1 MHz 
Capacitance 

Cxout Clock Output 20 30 pF 
Capacitance 

Cin Input Capacitance 6 10 pF Unmeasured Pins 
Returned to Vss 

Cout Output Capacitance 10 20 pF Unmeasured Pins 
Returned to Vss 

Ta = 25'C (7TF), f = 1.0 MHz, Vcc = Vss = OV 

TABLE A·2. CAPACITANCE 

1-32 11115190 



AC OPERA TlNG CHARACTERISTICS AND TIMING DIAGRAMS WD16C4511WD16C551 

APPENDIX 8 

8.0 AC OPERATING CHARACTERISTICS AND TIMING DIAGRAMS 

Ta = O'C (32'F) to + 70'C (15S·F). Vss = +5V ±5% 

TIMING DIAGRAMS 

FIGURE NUMBER TITLE -
B-1 Receiver Timing 

B-2 Transmitter Timing 

B-3 MODEM Control Timing ------_._-_. 
B-4 Read Cycle Timing --.--
B-5 Write Cycle Timing ---------
B-6 RCVR FIFO Signaling Timing for First Byte .. _------
B-7 RCVR FIFO Signaling Timing after First Byte (RBR alre~dy set) 

B-S Receiver DMA Mode 0 Timing (FCRO = 0 or FCRQ_:=~ and '=.QR 

B-9 Receiver DMA Mode 1 Timing (FCRO = 1 and FCR3 = 1) 

B-10 Transmitter DMA Mode 0 Timing (FCRO = 0 or FCRO =:~~nd F 

B-11 Transmitter DMA Mode 1 (FCR3 = 1) --. 
B-12 Parallel Port Timing 

B-13 WD16C451 IWD16C451 A Parallel Port Input Timing 

B-14 WD16C551IWD16C451 B Parallel Port Input Timing 

TABLE B·1. WD16C451/WD16C551 TIMING DIAGRAMS 
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RCLK 

SAMPLECLK 

SIN (RECEIVER 
INPUT DATA) 

SAMPLECLK 

. INTERRUPT 

.---u--LJSS----U--SSLs-

~I· t t6CLKS ~I 
• I .. SCD SS ---------,U ----u 

... 
I 

8CLKS 

PARITY STOP 

SST""",--r----r--.-----.--.- SS -

___ ----,---_. ---Jt'''"' III 
·1tRINTI~ 

lOR 1 --------~----------------------~. 
(READREC 

DATA BUFFER) 

NOTE: 

1 See Read Cycle Timing 

FIGURE B-1. RECEIVER TIMING 

. WD16C451/WD16C551 
SYMBOL CHARACTERISTIC MIN MAX UNITS TEST CONDITIONS 

tsCD Delay from RCLKt to 2 J.lS 
Sample Time 

tSINT Delay from 17· RCLKt 100 pF Load 
Stem to Set Interru~ C~cles 

tRINT Delay from lOR 1 ~s 100 pF Load 
(RD RBi=l) Reset 
Interrupt 

(.) When receiving the first byte in FIFO Mode, tSINT (only for timeout or trigger level interrupt) will 
be delayed 19 RCLK cycles, except for a timeout interrupt where tSINT will be delayed 24 
RCLK cycles. 

(t) RCLK is an intemal clock used for sampling serial in data. 
RCLK is equivalent to 16 times the baud rate clock. 

TABLE B-2. RECEIVER TIMING 

<,. ""0 
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SERIAL OUT 
(SOUT) 

NOTES: 
1 See Wr~e Cycle Timing 
2 See Read Cycle Timing 

FIGURE B·2. TRANSMITTER TIMING 

WD16C451 IWD16C551 
SYMBOL CHARACTERISTIC MIN MAX UNITS 

tHR Delay from lOW 175 ns 
(WR THR) to 
Reset Interrupt 

tlRS Delay from Initial 8 24 TCLKt Clock 
INTR Reset to Cycles 
Transmit Start 

tSI* Delay from Initial 16 24 TCLKt Clock 
Write to Interrupt C~cles 

tSTI Delay from Stop to 8 8 TCLKt Clock 
Interrupt (THRE) Cycles 

tlR Delay from lOR 250 ns 
(RD II R to Reset, 
Interrupt (THRE) 

tSXA Delay from Start to 0 8 TCLKt Clock 
TXRDY Active Cycles 

twx I Delay from Write to 0 300 lis 
TXRDY Inactive 

(t) TCLK is an internal clock used for sending serial out data. 
TCLK is equivalent to 16 times the baud rate clock. 

(*) In FIFO Mode, tSI might extend to beginning of Stop bit. 
See Line Status Register for details. 

TABLE B-3. TRANSMITTER TIMING 

11/15/90 
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TEST CONDITIONS 
100 pF Load 

100 pF Load 
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lOW' 
(WRMCR) ~. 

J.~t \ -1 }~~ \ 

FiTS. i5'fii 

CTS. DSR. RLSO f t \ 
INTR 

"I'SIM ~ I~ 
~ 

-2 lOR .. 
tRIM 

(ROMSR) 

J iii 
NOTES: \ 
, See Write Cycle TIming 
2 See Read Cycle Timing 

FIGURE B-3. MODEM CONTROL TIMING 

WD16C4511WD16C551 
SYMBOL CHARACTERISTIC MIN MAX UNITS TEST CONDITIONS 

tMDO Delay from lOW 200 ns 100 pF Load 
. (WR MeR) to Output 

tSIM Delay to Set Interrupt 250 ns 100 pF Load 
from MODEM Input 

tRIM Delay to Reset Interrupt. 250 ns 100 pF Load 
from lOR (RD MSR) 

TABLE B-4. MODEM CONTROL TIMING 

""(" .,' 
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DATA 
Ib- ~ 

~~~--------------------Re----------------------~.~ 

x ~~ X 

BOO 

DATA 
Ib-~ 

FIGURE B·4. READ CYCLE TIMING 

~~~----------~----------we--------------~--------~ ., 
if 

J 

---
X VALID I X 

Iwe • 
I~ 

I DOC --------.l .I~ 
---------------------------{- 'oow ---f-----------------

1'- I OS ----.I~I 
--------------------------__ --« . VALID DATA )>-------------

FIGURE B·5. WRITE CYCLE TIMING 
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WD16C451IWD16C551 
SYMBOL CHARACTERISTIC MIN MAX UNITS TEST CONDITIONS 

tDIW lOR Strobe Width 125 ns 1 TTL Load 
tRC Read Cvcle Delav 125 ns 1 TTL Load 
RC Read Cycle == . 280 ns 1 TTL Load 

tDIC+tDIW+ 
tRC + 20 nsec . 

tDD lOR to Driver 60 ns 1 TTL Load 
Enable (SDO) Delay 

tDDD Delay from lOR 100 ns 1 TTL Load 
to Data 

tHZ lOR to Floating .0 100 ns 1 TTL Load 
Data Delay 

tDOW lOW StrobeiWidth 100 ns 1 TTL Load 
twc Write Cycle Delay 150 ns 1 TTL Load 
WC Write Cycle = 280 ns 1 TTL Load 

+tDOC+ tDOW 
+ twc + 20 nsec 

tDS . Data SetuQ Time 30 ns ' 1 TTL Load 
tDH Data Hold Time 30 ns 1 TTL Load 
tDIC lOR DELAY from 30 ns 1 TTL Load 

Select or Address 
tDOC lOW Delay from 30 ns 1 TTL Load 

Select or Address 
tACR Address and Chip 20 ns 1 TTL Load 

Select Hold Time 
from lOR 

tACW Address and Chip 20 ns 1 TTL Load 
Select Hold Time 
from lOR 

tMR Master Reset Pulse 5.0 jJ.s 1 TTL Load 
Width 

tXH Duration of Clock. 55 ns 1 TTL Load 
HIGH Pulse 

tXL Duration of Clock 55 ns External Clock 
LOW Pulse (8.0 MHz Max.) 

. TABLE B·5. READIWRITE CYCLE TIMING 
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SERIAL IN 
(SIN) 

SAMPLECLK 

FIFO TRIGGER 
LEVEL INTERRUPT 

FCR6 = 0, FCR7 = 0 

LSINT 

lOR 
(RDLSR) 

lOR 
(RDRBR) 

------ ___ 1.:-_-_-_-_-_--'--_ -'--_:55SS "- _ DATA (5-8) 

--~I--~~--~-55--~~--~--~-L---

---------------'-i~ .. ;::::::::::-.~ss t RINT ... 

---------------______ I_~.~ 

FIGURE B-6. RCVR FIFO SIGNALING TIMING FOR FIRST BYTE 

SERIAL IN ------.... ,..------55 
(SIN) \.1..... -LI_· __ D_A_TA....:{'-S-8..:..)_55 

SAMPLE CLK ----'----'----'----'--55-----'-----'----'-1---'----'-1 __ 

FIFO TRIGGER 
LEVEL INTERRUPT 

FCR6 = 0, FCR7 = 0 :-'''~1' 
LSINT = = = = = = = = = = = = = = = = = = _' ,'--_____ ;; l-TO-P-B-YT-E-O-F F-IF-O'-I"'-',--+ __ _ 

lOR _______________ ---'-_+ ... __ tS_IN_T_ .... --'·I:....-__ - ~1~T~lr--T-... _+---

(RDLSR) PREVIOUS ACTIVE .J 
BYTE READ 

lOR ____________ -,.FROM FIFOIr----------~ 

(RDRBR) 

FIGURE B-7. RCVR FIFO SIGNALING TIMING AFTER FIRST BYTE 
(RBR Already Set) 
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1-40 

lOR 
(RDRBR) 

LAST BYTE 
------- 55 ----'----" READ FROM 

FIFO 

(FIRST BYTE) 

~ ~ "'~ l'=Sl':=O::-P T": -""',,--

SAMPLECLK 

RXRDY 

lOR 
(RDRBR) 

FIGURE B-8. RECEIVER DMA MODE 0 TIMING 
(FCRO :: 0 or FCRO = 1 and FCR3:i: 0) 

LAST BYTE 
------- 55 -------" READ FROM 

FIFO - -
( FIRST BYTE TO ) 

REACH TRIGGER LEVEL 

'" ~ 'AA~ i,,",ST:-:"O,,",P "T"": -.""',,--

SAMPLECLK 

FIGURE B-9. RECEIVER DMA MODE 1 TIMING (FCRO=1 and FCR3=1) 
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lOW 
(WRTHR) 

SOUT 

TXRDY 

lOW 
(WRTHR) 

SOUT 

TXRDY 

BYTE 

~ 
DATA I >EF:f 

twxl--..1 f- tSXA --.. 

FIGURE B·10. TRANSMITTER DMA MODE 0 TIMING 
(FCRO = 0 or FCRO = 1 and FCR3 = 0) 

LAST BYTE 

9 

START 

r-

'DATA >EF:f&~ 

twxl--..1 f- tSXA --.. r-
FIGURE B·11. TRANSMITTER DMA MODE 1 (FCRO = 1 and FCR3 =1) 
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CS2 -----~ ,------

-\:I1----v1-
A rf.l~2 17\ R\ 

----' I ..... tooc _____ I t 
BIOEN J .... t OIC I'" "'1 WO I·-Y 

'l..--tHo~1 
PDQ-P07, ----- t LPO 1 ..... ~ __________ -:I_ ... __ tp_O_H_ ... ~ I 
Sl~~,I~~~ ----« I I lJ<'----1 ---""'>-

__ -----__ I_t_p_os __ I ..... __ ~t- ''OW -t- 'ACW ..... I 

---------.{- 'om -,Y" '>CO _I lOR 

BUSY 

INT2/iNT2 

_________________ ~~I~_to_~I~!~~-------

t tOil is the delay from the positive transition of lOW only when the Write Cycle, bit 4 of the 
Write Control Register (IRQ Enable Bit) is low. 

FIGURE 8-12. PARALLEL PORT TIMING 
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INT2 

NOTE: INT2 is driven both high and low. 

FIG. 8-13. WD16C4511WD16C451A PARALLEL PORT INTERRUPT TIMING 

lOR 
(Reading PPSR) 

\ 

\ 

~{.~'t-
NOTE: INT2 is open collector, is driven low only. 

t 
-I J-'"" 

FIG. 8-14. WD16C551IWD16C451 8 PARALLEL PORT INTERRUPT TIMING 
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WD16C451/WD16C551 

SYMBOL CHARACTERISTIC MIN MAX UNITS TEST CONDITIONS 
tDOC lOW Delay from Chip 30 ns 

Select and Address 

tDIC lOR Delay from Chip 30 ns 
Select and Address 

tWD lOW I-!l9!:!...to PDO-PD?, 1 Ils No External Pull-up 
SUN, INIT, AFD, STB Resistor and 50 pF load 

tHD BIDEN High to PDO-PD? 120 ns 
Tri-State 

tLPD BIDEN Low to PDQ-PD? 100 ns 
Delay 

tpDH PDO-PD? Hold Time 100 ns 
from lOR 

tpDS PDO-PD? Set-up Time 100 ns 
from lOR 

tDOW lOW Strobe Width 100 ns 

tDIW lOR Strobe Width 125 ns 

tACW Chip Select and Address 20 ns 
Hold Time from lOW 

tACR Chip Select and Address 20 ns 
Hold Time from lOR 

tBSA BUSY Start to ACK ms Printer Dependent 

tBSY BUSY Width Ils Printer Dependent 

tAK ACKWidth Ils Printer Dependent 

tAl INT2 Delay from ACK 60 ns 1 TIL Load 
(WD16C451) 

tASI ACK to set interrupt 60 ns 1 TIL Load 
(WD16C551) 

tRRI Read Parallel Port Status 60 ns 1 TIL Load 
Register (PPSR) to reset 
INT2 

tDil lOW high to INT2IINT2 0 100 ns 1 TIL Load 
Tri-state 

TABLE B-6. PARALLEL PORT TIMING 
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APPENDIXC 
C.O PACKAGE DIAGRAM 
Figure C-1 illustrates the 68-Pin QUAD plastic package showing dimensions in inches . 

0.98510.995 
25.019/25.273 

... 0.075 
1.905 

8PLCS 

~
PINNO'1 1.0. 

0.022 

~~~~=~=ft 0.558 

OPTION C 

OPTION 
-A-

FIGURE C-1. 68-PIN QUAD PLASTIC PACKAGE 
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INTRODUCTION 

1.0 INTRODUCTION 
1.1 DESCRIPTION 

The low power CMOS WD16C452/552 is a single 
device solution for serving two serial input/output 
ports simultaneously and one bi-directional parallel 
port for the IBM PC XT, PC AT, PS/2, and com
patible systems. The WD16C452 parallel port is 
compatible with the Centronics printer port and IBM 
Serial/Parallel Adapter, and each ACE is program
mable and compatible with a WD16C450. The 
WD16C552 parallel port is compatible with the IBM 
PS/2 bidirectional parallel port and each ACE is 
compatible with the WD16C550. Each ACE in the 
WD16C552 is programmable, and it is capable of 
buffering up to 16 bytes of data for transmission and 
up to 16 bytes of data upon reception, relieving the 
CPU of interrupt overhead. Buffering of data also 
allows greater latency time in interrupt servicing, 
which is vital in a multitasking environment. DMA 
signaling, between the internal FIFO buffers and 
host CPU, allows single or multiple character trans
fers. Each ACE has a maximum recommended 
data rate of512Kwith a clock frequencyofS.O MHz. 

1.2 FEATURES 

• Two fully programmable serial I/O channels 
(DC to 512K baud) 

• Tri-state TIL drive capabilities for 
bi-directional data bus and control bus on 
each channel 

• Loopback controls for communications link 
fault isolation for each ACE 

• Line break generation and detection for each 
ACE 

• Complete status reporting capabilities 

• Generation and stripping of serial 
asynchronous data control bits (start, stop, 
parity) 

• Programmable baud rate generator and 
MODEM control signals for each channel 

• Fully prioritized independent interrupt system 
controls for each channel 

• 16 byte FIFO buffers on both transmit and 
receive of each channel for CPU relief during 
high speed data transfer t 

WD16C4521WD16C552 

• Programmable FIFO threshold levels of 1, 4, 
S, or 14 bytes on each receive channel t 

• Two modes of DMA signaling available for 
transfer of data characters to and from FIFO 
buffers t 

• Bidirectional Centronics compatible parallel 
port for direct printer interface 

• PS/2 compatible bidirectional parallel port t 
• CMOS implementation for high speed and low 

power requirements 
(t) The FIFO mode of operation and PS/2 compatible 
parallel port are not available in the WD16C452. 

1.3 GENERAL 

The WD16C4521WD16C552 is a dual ACE, plus a 
bidirectional parallel port. The two ACE's perform 
parallel-to-serial conversion on the output and 
serial-to-parallel conversion on the input. Each 
ACE is programmable, independent, and has a 
maximum recommended data rate of 512K baud. 

The WD16C452 is a dual channel version of the 
WD16C450 ACE, plus a bidirectional parallel data 
port which supports a Centronics compatible printer 
interface. The parallel port, together with the two 
serial ports, provides IBM PC XT, PC AT, and com
patibles with a single device solution for serving 
three ports. 

The WD16C552 is a dual channel version of the 
WD16C550 Enhanced ACE, plus a compatible 
PS/2 bidirectional parallel port. After power-up and 
hardware reset, each ACE is functionally com
patible to the WD16C450 (Character Mode). Each 
ACE in the WD16C552 has been enhanced with 16 
byte FIFO buffers on both the receive and transmit 
lines, allowing an additional mode of operation 
called FIFO mode. FIFO mode (only available in 
WD16C552), can be activated through software, 
relieving the CPU of excessive overhead due to 
interrupts. The PS/2 parallel port, together with the 
two serial ports, provides IBM PS/2 and com
patibles with a single device solution for serving 
three ports. 
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AD 

AI 

A2 

lOW 

iOR 
ClK 

MR 

BOO 

00-07 

--------

<:=:> 

NOT E: 
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CONTROL 
LOGIC 

DATA 
BUS 

BUFFER 

CsO_ 
TXRDVO * -4--

RXRDYO*"--

I--

CS1_ 
TXRDY1*"""'-

RXADY1*"""'-

ERR_ 
SlCT _ 

BUSY_ 

PE_ 

ACK_ 
BIDEN _ 

Cs2_ 

------ ------ ------ ------

ACE 
SELECT & 
CONTROL 

LOGIC 

ACE 
SELECT & 
CONTROL 

LOGIC 

PARALLEL 
PORT 

SELECT 
AND 

CONTROL 
lOGIC 

n TXRDYO, TXRDY1, RXRDYO, RXRDYI for WD16C552 only. 
( .. ) INT2 for WD16C452, INT2 for WD16C552. 
(t) 16-byte FIFOs for WD16C552. 

ACE 1 
----------'------------------

RE~~;:Et RCVRSHIFT 
REGISTER 

• 

I 

RE~~tR XMTSHIFT 
I 

REGISTER I 

• I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

~ MODEM 
I 

I CONTROL 
I I 
I 
I I 
I I 
I I 
I I 
I 
_______ ~ _____________________ J 

ACE 2 . - -- - - -- -- -- -- -- -- - - -- -- ---- --. 
I I 
I I 
I 

RCVRt I RCVR SHIFT I I 

I REGISTER REGISTER I 
I • I 
I I 
I 
I 
I 
I 
I 

XMTt XMTSHIFT 

'7~ 
. I REGISTER I 

XMTFlFO 

MODEM 
CONTROL 

-----------------------------

r- 'N'T 

PARALLEL r- AFD 

PORT I----Sffi 
I---- SUN r- INT2JINT2 ** 

FIGURE 1-2. WD16C4521WD16C552 BLOCK DIAGRAM 
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SIGNAL DESCRIPTIONS WD16C4521WD16C552 

2.0 SIGNAL DESCRIPTIONS 
Figure 2-1 illustrates the 6a-pin QUAD assembly. 
Table 2-1 lists all signal descriptions. 

9 8 7 6 5 4 3 2 1 686766 65 64 63 62 61 

SOUT1 
DTR1 
RTS1 
CTS1 

DBO 
DB1 
DB2 
DB3 
DB4 
DB5 
DB6 
DB7 

TXRDYO* 
VCC 

RTSO 
DTRO 

SOUTO 

• 60 INT1 
59 INT2/INT2** 
58 SUN 
57 INIT 
56 AFD 
55 STB 
54 Vss 
53 PDO 
52 PD1 
51 PD2 
50 PD3 
49 PD4 
48 PD5 
47 PD6 
46 PD7 
45 INTO 
44 BDO 

2728293031323334353637383940414243 

"'1°1°1°1°1° N ~ 01""1a:INII- (J 0 .. '" t;oo 000 - 000 000 ~000~a:OOCCC5QOOW~~I~~ 
a! 0 ~ a: . x 

l
• INDICATES INTERNAL NO CONNECTS ON WDl6C452 . 
•• INT2 FOR WD16C452 AND INT2 FOR WDl6C552. 

FIGURE 2-1. WD16C452IWD16C552 68-PIN QUAD ASSEMBLY 
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WD16C4521WD16C552 SIGNAL DESCRIPTIONS 

PIN MNEMONIC DESCRIPl10N 

1 BIDEN Bidirectional· Enable 
Inputsignal in the WD16C452, when low enables the parallel 
port data lines as outputs. When high the WD16C452 will hold 
the parallel port data pins in a high impedance state, allowing 
thesepinsto be driven with data. The BIDEN input signal on 
the WD16C552 works in conjunction with the DIR bit (see Table 
7-3) to control the direction of the parallel port data bit. 

2, 7, 27,43, 54 Vss Ground 
System siQnal Qround. 

3 CS1 Chip Select 1 
Chip Select input when active (low), selects serial channel 1. 

4 ClK (1 time) Clock Input 
External clock input. 

5,31 DSR1,DSRO Data Set Ready 
When low, this input signal from the communication link indi-
cates that it is ready to exchange data with the associated ACE. 
Bit 5 of the associated MODEM Status Register reflects the 
10Qicai state of DSR. 

6,30 R11, RIO Ring Indicator 
Input when low indicates, for the associated ACE, a ringing 
signal is being received by the MODEM or data set. This logical 
value is reflected in bit 6 of the associated MODEM Status 
Register. 

8,29 RLSD1, RLSDO Received Line Signal Detect 
Input from the DCE indicating that the associated ACE is 
receiving a signal which meets its signal quality conditions. Bit 
3 of the associated MODEM Status ReQister reflects this value. 

9,61 RXRDYO, Receiver Ready 
RXRDY1. Receiver ready output is used to signal DMA transfer to the CPU 

from the associated ACE. Two modes of operation are avail-
able when using FIFO Mode, and one (Mode 0) when using 
Character Mode. 

Mode 0: When in Character Mode (FCRO=O), or in the FIFO 
Mode (FCRO=1) with FCR3=O, RXRDY will be active (low) if 
there is at least one character in the RCVR holding register or 
RCVR FIFO register. RXRDY will go inactive when the RCVR 
FIFO (FIFO Mode), or holding register (Character Mode) is 
empty. 

Mode 1: In FIFO Mode (FCRO=1) with FCR3=1, RXRDY will go 
active (low) when the trigger level or time out has been reached. 
RXRDY goes inactive (high) when the FIFO is empty. 

(.) These pins are internal no connects on the WD16C452. 

TABLE 2·1. SIGNAL DESCRIPTIONS 
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SIGNAL DESCRIPTIONS WD16C4521WD16C552 

PIN MNEMONIC DESCRIPTION 

10,26 SOUT1, SOUTO Serial Data Output 
Transmitted Serial Data Out to the communication link from the 
associated ACE. The SOUT signal is set to a marking condition 
I (logical 1) upon a Master Reset. 

11,25 DTR1,DTRO Data Terminal Ready 
Output when low informs the MODEM or data set that the 
associated ACE is ready to receive. This value is reflected in 
bit 0 of the MODEM Control ReQister. 

12,24 RTS1,RTSO Request to Send 
Output when low informs the MODEM or data set that the 
associated ACE is ready to transmit data. This value is reflected 
in bit 1 of the MODEM Control Register. 

13,28 CTS1,CTSO Clear to Send 
Input from DCE to the associated ACE indicating remote device 
is ready to transmit. This value is reflected in bit 4 of the 
MODEM Status Register. 

14 - 21 DBO-DB7 Data Bits 
Tri-state, bidirectional communication lines between the ACE 
and Data Bus. DO is the least significant bit (LSB) and the first 
serial transmitted or received bit. 

22,42 TXRDYO· ,TXRDY1· Transmitter Ready FIFO Control 
Transmit ready output is used to signal DMA transfer to the CPU 
from the associated ACE. Two modes of operation are available 
when using FIFO Mode, and one (Mode 0) when using Charac-
ter Mode. 

Mode 0: In Character Mode (FCRO=O) or in FIFO Mode 
(FCRO=1) with FCR3=O, TXRDY will be active (low) if there are 
no characters in the Xmit FIFO (FIFO Mode) or Xmit holding 
register (Character Mode). TXRDY will go inactive after the first 
character is loaded. 

Mode 1: In FIFO Mode (FCRO=1) with FCR3=1, if there is one, 
or more, unfilled position in the Xmit FIFO TXRDY will be active 
; (low). TXRDY will QO inactive when the FI FO is completely full 

23,40,64 Vcc Power Supply 
+5V power supply. 

32 CSO Chip Select 0 
Chip Select input when active (low) selects serial channel O. 

33 - 35 A2, A1, AO Address lines A2·AO 
These three inputs are used to select an internal register of the 
ACE, or parallel port. 

( .) These pins are internal no connects on the WD16C452. 

TABLE 2·1. SIGNAL DESCRIPTIONS (Continued) 
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PIN MNEMONIC DESCRIPTION 

36 lOW Input/Output Write Strobe 
Input when active (low), causes data from the data bus (DBO-
DB7) to be input to the selected port's addressed register. The 
data will be written to the register chosen by AO-A2 and the port 
is chosen by CSO, CS1, or CS2 to be ACE#1, ACE#2, or parallel 
port_(respectiveIy1 

37 lOR Input/Output Read Strobe 
Input active (low) will display data from the selected internal 
register on the data bus DBO-DB7. The chip select line deter-
mines within which port the register being accessed resides, 
and AO-A2 choose the internal register to be read. 

38 CS2 Chip Select 2 
Chip Select input when active (Iow),enables the line printer port. 

39 Reset Reset 
Input when active (low), will force the device into an idle mode 
in which all serial data activities are suspended. The device will 
remain in an idle state until proorammed to beoin data activities. 

41,62 SINO, SIN1 Serial Data Inputs 
Received Serial Data Input from the communication link to the 
associated ACE. Data on the serial data inputs are disabled 
when exercising loopback mode, and internally connected to 
their respective SIN lines. 

44 BOO Bus Buffer Output 
Output goes active when either serial channel, or the parallel 
port is selected as an output. BOO is used to control the system 
bus driver device (74LS245). 

45,60 INTO,INT1 Serial Channel Interrupts 
Tri-state output (enabled by bit 3 of MCR) goes high whenever 
an enabled interrupt is pending for theassociated ACE. INT is 
reset when the pending interrupt(s) are serviced, or a Master 
Reset is performed. 

46 - 53 PD7-PDO Parallel Data Bits 
Bidirectional data port which provides parallel input and output 
to the system. The eight lines are held in a high impedance 
state when BIDEN is hioh. 

55 STBt Line Printer Strobe 
Output line, when active, provides the line printer with a signal 
to latch the data currently on the parallel port. 

56 AFDt Line Printer Autofeed 
Output line, when active, provides a signal for the line printer to 
autofeed continuous form paper. 

(t) These outputs are open drain with internal pull-ups. 

TABLE 2·1. SIGNAL DESCRIPTIONS (Continued) 
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PIN MNEMONIC DESCRIPTION 

57 INITt Line Printer Initialize 
Output line to printer, when active (low), signals the line printer 
to begin an initialization routine. 

58 SLiNt Line Printer Select 
OutQut line, when active_Uow), selects the2l'inter. 

59 INT2/1NT2tt Interrupt Printer Port 
Tri-state output enabled by bit 4 of WCR. For the WD16C452, 
INT2 goes active (high) on the rising transition of ACK and reset 
(low) on the falling transition of ACK. For the WD16C552 INT2 
goes active (low) on the rising edge of ACK. INT2 is reset (high) 
on the rising edge of lOR, when reading the parallel port status 
register. 

63 ERR Line Printer Error 
Input line from the line printer, informs the parallel port of an error 
by inputting an active low signal. Set low by the printer upon a 
deselect condition, PE, or other error condition. 

65 SLCT Line Printer Select 
Input from the line printer that goes high when the line printer 
has been selected. 

66 BUSY Line Printer Busy 
Input from the line printer that goes high when the line printer 
has an operation in progress. 

67 PE Line Printer Paper Empty 
Input from the line printer goes high when the printer is out of 
paper. 

68 ACK Line Printer Acknowledge 
Input from line printer that goes low to confirm the data transfer 
from the WD16C552 to the printer was successful. 

(t) These outputs are open drain with intemal pull-ups. 
(tt) This pin is INT2 for WD16C452 and INT2 for WD16C552. 

TABLE 2-1. SIGNAL DESCRIPTIONS (Continued) 
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3.0 SERIAL CHANNEL REGISTERS 
The WD16C552 contains two serial ports. There
fore, the following registers exist in duplicate, one 
per channel. 

3.1 SERIAL PORT REGISTER 
ADDRESSING 

Chip Select (CSO, CS1): When CSO is low, 
registers for serial channel 0 can be accessed, and 
when CS1 is low, registers for seri~hannel1 can 
be accessed. No more than one CS (CSO, CS1) 
should ever be low at any time (an invalid condi
tion). 

Master Reset: 
A low level input on this pin causes the ACE to 
reset to the condition listed in Table 4-1 . 

Software Reset: 
A software reset is performed by writing to the 
Divisor Latches, forcing the transmitter and 

DLAB A2 A1 AO REGISTER 

SERIAL CHANNEL REGISTERS 

receiver to an Idle Mode. (Registers are not 
reset by this operation.) Prior to enabling in
terrupts, the LSR and RBR registers should be 
read to clear out any data. This is used to return 
to a known state without resetting the system. 

Chip Select (CSO, CS1) and register select (AO, A1, 
A2) signals must be stable for the duration of a read 
or write operation. 

Register Select (AO, A 1, A2): To select a register 
for read or write operation, see Table 3-1. 

NOTE: 
Divisor Latch Access Bit (DLAB) is the MSB of the 
Line Control Register. DLAB must be programmed 
high (logic 1) by the system software to access the 
Baud Rate Generator Divisor Latches. 

0 0 0 0 Receiver Buffer Register (read), Transmitter 
Holding Register (write) 

0 0 0 Interrupt Enable Register 

X 0 0 Interrupt Identification Register (read only) 

X 0 0 FIFO Control Register (write only) 

X 0 Line Control Register 

X 0 0 MODEM Control Register 

X 0 Line Status Register (read only) 

X 0 MODEM Status Register 

X Scratch Pad Register 

0 0 0 Divisor Latch Register (least significant byte) 

0 0 Divisor Latch Register (most significant byte) 

TABLE 3-1. REGISTER ADDRESSING 
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4.0 ACE OPERATIONAL DESCRIPTION 
4.1 MASTER RESET 4.2 ACE ACCESSIBLE REGISTERS 

A low-level input on this pin causes the ACE to reset 
to the condition listed in Table 4-1. 

The system programmer has access to any of the 
registers as summarized in Table 4-2. For in
dividual register descriptions, refer to the following 
pages under register heading. 

REGISTER/SIGNAL RESET CONTROL 

Receiver Buffer Register First Word Received 

Transmitter Holding Register Writing into the 
Transmitter Holding Register 

Interrupt Enable Register Master Reset 

Interrupt Identification Register Master Reset 

Line Control Register Master Reset 

MODEM Control Register Master Reset 

Line Status Register Master Reset 

MODEM Status Register Master Reset 
MODEM Signal Inputs 

Divisor Latch (low order byte) Writing into the Latch 

Divisor Latch (high order byte) Writing into the Latch 

SOUT Master Reset 

BDO BDO = RCLK • lOR 
(At Master Resej,J!Je CPU 
sets RCLK and lOR = Low 
when device is selected.) 

INTO,1 (RCVR ERRS) Master Reset/Read LSR 

INTO,1 (RCVR DATA READY) Master Reset/Read RBR 

INT2 (WD16C452) Master Reset/ACK (High) 

INT2 (WD16C552) Master Reset/Read PPSR 

RTS Master Reset 

DTR Master Reset 

RCVR FIFO Counter (WD16C552 only) MR or FCR1' FCRO or .<lFCRO 

XMIT FIFO Counter (WD16C552 only) MR or FCR2' FCRO or .<lFCRO 

FIFO CONTROL (WD16C552 only) Master Reset 

D7 - DO Data Bus Lines InTri-state Mode, 
Unless lOR = Low 
or lOW = Low when 
Device is Selected 

RESET STATE 

Data 

Data 

All Bits Low (0-3 forced 
and 4-7 permanent) 

Bit 0 is High and Bits 1-3; 6 
and 7 are forced Low. Bits 4 
and 5 are permanently Low 

All Bits Low 

All Bits Low 

All Bits Low, except Bits 5 
and 6 are High 

Bits 0-3 Low, 
Bits 4-7 at Input Signal 

Data 

Data 

High 

High 

Low 

Low 

Low 

High 

High 

High 

All Bits Low 

All Bits Low 

All Bits Low 

Tri·state 
Data (ACE to CPU) 
Data (CPU to ACE) 

TABLE 4-1. RESET CONTROL OF REGISTERS AND PINOUT SIGNALS 
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REGISTER ADDRESS 

o DLAB=O o DLAB=O 1 DLAB=O 2 2 3 

Bit Receiver Transmitter Interrupt Interrupt FIFO Control Line 
No. Buffer Holding Enable Identification Register Control 

Register Register Register Register (Write Only) Register 
(Read Only) (Write Only) (Read Only) 

0 Data Bit 0 Data Bit 0 Enable "0" if FIFO Word Length 
Received Interrupt Enable Select Bit 
Data Pending (Write Only) o (WLSO) 
Available (IP) (FEWO) 
Interrupt 
(ERBFI) 

1 Data Bit 1 Data Bit 1 Enable Interrupt Rcvr Word Length 
Transmitter 10 BitO FIFO Select Bit 
Holding (IIDBO) Reset 1 (WLS1) 
Register (RFR) 
Empty 
Interrupt 
(ETBEI) 

2 Data Bit 2 Data Bit 2 Enable Interrupt Transmitter Number of 
Receiver 10 Bit 2 FIFO Stop Bits 
Line Status (IIDB2) Reset (STB) 
Interrupt (TFR) 
(ERLSI) 

3 Data Bit3 Data Bit 3 Enable Interrupt DMA Parity 
MODEM 10 Bit 3 Mode Enable 
Status (IIDB3)· Select (PEN) 
Interrupt (OMS) 
(EDSSI) 

4 Data Bit4 Data Bit 4 0 0 Reserved Even 
Parity 
Select 
(EPS) 

5 Data Bit 5 Data Bit 5 0 0 Reserved Stick Parity 
(STP) 

6 Data Bit 6 Data Bit 6 0 FIFO Rcvr FIFO Set Break 
Enabled· Trigger Level Control 
(READ ONLY) (LSB)(RTLSB) (SBR) 
(FERO) 

7 Data Bit 7 Data Bit 7 0 FIFO Rcvr FIFO Divisor 
Enabled· Trigger Level Latch 
(READ ONLY) (MSB) Access Bit 
(FERO) (RTMSB) (DLAB) 

(.) These bits are 0 in Character Mode. 

TABLE 4·2. ACCESSIBLE WD16C4521WD16C552 REGISTERS 
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REGISTER ADDRESS 
4 5 6 7 o DLAB=1 1 DLAB=1 

Bit MODEM Line MODEM Scratch Divisor Divisor 
No. Control Status Status Pad latch Latch 

Register Register Register Register (LSB) (MSB) 

0 Data Data Delta Bit 0 Bit 0 Bit 8 
Terminal Ready Clear to 
Ready (DR) Send 
(DTR) (DCTS) 

1 Request Overrun Delta Bit 1 Bit 1 Bit 9 
to Send Error Data Set 
(RTS) (OE) Ready 

(DDSR) 

2 Not Parity Trailing Bit 2 Bit 2 Bit 10 
Connected Error Edge Ring 
(NC) (PE) Indicator 

(TERI) 

3 Interrupt Framing Delta Bit 3 Bit 3 Bit 11 
(Int) Error Receive 

(FE) Line Signal 
Detect 
(DRLSD) 

4 Loop Break Clear to Bit4 Bit 4 Bit 12 
Interrupt Send 
(BI) (CTS) 

5 0 Transmitter Data Set Bit 5 Bit 5 Bit 13 
Holding Ready 
Register (DSR) 
Empty (THRE) 

6 0 Transmitter Ring Bit 6 Bit 6 Bit 14 
Empty Indicator 
(TEMT) (RI) 

7 0 Error in Received Bit7 Bit 7 Bit 15 
RCVR Line Signal 
FIFO· Detect 
(EIRF) (RLSD) 

(.) These bits are 0 in Character Mode. 

TABLE 4-2. ACCESSIBLE WD16C452/wD16C552 REGISTERS (Contd) 
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4.3 LINE CONTROL REGISTER 

Bits 0 and 1: These two bits specify the number of 
bits in each transmitted or received serial character. 
The encoding of bits 0 and 1 are as follows: 

Bit 1 Bit 0 Word Length 
0 0 5 bits 
0 1 6 bits 
1 0 7 bits 
1 1 8 bits 

Bit 2: This bit specifies the number of stop bits in 
each transmitted or received serial character. If bit 
2 is logic 0, 1 Stop bit is generated or checked in 
the transmit or receive data, respectively. If bit 2 is 
a logic 1 when a 5-bit word length is selected via 
bits 0 and 1, 1-112 Stop bits are generated or 
checked. If bit 2 is a logic 1 when either a 6-, 7-, or 
8-bit word length is selected, 2 Stop bits are 
generated or checked. 

Bit 3: This bit is the Parity Enable bit. When bit3 
is a logic 1, a Parity bit is generated (Transmit data) 
or checked (Receive data) between the iast data 
word bit and Stop bit of the serial data. (The Parity 
bit is used to produce an even or odd number of 1 's 
when the data word bits and the Parity bit are 
summed.) 

Bit 4: This bit is the Even Parity Select bit. When 
bit 3 is a logic 1 and bit 4 is a logic 0, an odd number 
of logic 1 's is transmitted or checked in the data 
word bits and Parity bit. When bit 3 is a logic 1 and 
bit 4 is a logic 1, an even number of bits is trans
mitted or checked. 

Bit 5: This bit is the Stick Parity bit. When bit 3 is 
a logic 1 and bit 5 is a logic 1, the Parity bit is 
transmitted and then detected by the receiver in the 
opposite state indicated by bit 4. 

ACE OPERA TlONAL DESCRIPTION 

Bit 6: This bit is the Set Break Control bit. When 
bit 6 is a logic 1 , the serial output (SOUT) is forced 
to the Spacing (logic 0) state and remains there 
(until reset by a low-level bit 6) regardless of other 
transmitter activity. This feature enables the CPU 
to alert a terminal in a computer communications 
system. 

Bit 7: This bit is the Divisor Latch Access Bit 
(DLAB). It must be set high (logic 1) to access the 
Divisor Latches of the Baud Rate Generator during 
a Read or Write operation. It must be set low (logic 
0) to access the Receiver Buffer, the Transmitter 
Holding Register, or the Interrupt Enable Register. 

4.4 ACE PROGRAMMABLE BAUD RATE 
GENERATOR 

The ACE contains a programmable Baud Rate 
Generator capable of taking any clock input (dc to 
8.0 MHz) and dividing it by any divisor from 1 to (216 

- 1). The output frequency of the Baud Generator 
is 16 times the baud rate. Two 8-bit latches store 
the divisor in a 16-bit binary format. These Divisor 
Latches must be loaded during initialization in order 
to insure desired operation of the Baud Rate Gen
erator. Upon loading either of the Divisor Latches, 
a 16-bit Baud counter is immediately loaded. This 
prevents long counts on initial load. 

Tables 4-3, 4-4, and 4-5 illustrate the use of the 
Baud Generator with three different driving fre
quencies. One is referenced to a 1.8432 MHz 
clock. Another is a3.072 MHz clock. The third is 
an 8.0 MHz clock. 

NOTE: 
The maximum operating frequency of the 
Baud Generator is 8.0 MHz. 

In no case should the data rate be greater than 
512K baud. 
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e2e 

Desired 
Baud 
Rate 

50 
75 

110 
134.5 

150 
300 
600 

1200 
1800 
2000 
2400 
3600 
4800 
7200 . 
9600 

19200 
38400 
56000 

Divisor Used 
to Generate 

16 Times Clock 

2304 
1536 
1047 
857 
768 
384 
192 
96 
64 
58 
48 
32 
24 
16 
12 
6 
3 
2 

Percent Error 
Difference Between 
Desired and Actual 

0.026 
0.058 

0.690 

2.860 

TABLE 4-3. BAUD RATES USING 1.8432 MHz CLOCK 

Desired Divisor Used Percent Error 
Baud to Generate Difference Between 
Rate 16 Times Clock Desired and Actual 

50 3840 
75 2560 

110 1745 0.026 
134.5 1428 0.034 

150 1280 
300 640 
600 320 

1200 160 
1800 107 
2000 96 
2400 80 
3600 53 0.628 
4800 40 
7200 27 1.230 
9600 20 

19200 10 
38400 5 
56000 3 14.285 

TABLE 4-4. BAUD RATES USING 3.072 MHz CLOCK 
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Desired 
Baud 
Rate 

50 
75 

110 
134.5 

150 
300 
600 

1200 
1800 
2000 
2400 
3600 
4800 
7200 
9600 

19200 
38400 
56000 

128000 
256000 
512000 

Divisor Used 
to Generate 

16 Times Clock 

10000 
6667 
4545 
3717 
3333 
1667 
833 
417 
277 
250 
208 
139 
104 
69 
52 
26 
13 

9 
4 
2 
1 

ACE OPERA T10NAL DESCRIPTION 

Percent Error 
Difference Between 
Desired and Actual 

0.005 
0.010 
0.013 
0.010 
0.020 
0.040 
0.080 
0.080 

0.160 
0.080 
0.160 
0.644 
0.160 
0.160 
0.160 
0.790 
2.344 
2.344 
2.344 

TABLE 4-5. BAUD RATES USING 8.0 MHz CLOCK 
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4.5 LINE STATUS REGISTER 

This 8-bit read and write register provides status 
information to the CPU concerning the data trans
fer. Its contents are indicated in Table 4-2 and are 
described below. 

~it .0: This ~it is the Receiver Data Ready (DR) 
mdlcator. Bit 0 is set to a logic 1 whenever a 
complete incoming character has been received 
and transferred into the Receiver Buffer Register, 
or to the RCVR FIFO (when in FIFO Mode). Bit 0 
will b.e reset to ~ logic 0 by the CPU reading the 
data In the Receiver Buffer Register (for Character 
Mode). 

In FIFO Mode, Receiver Data Ready is set when 
the receiver shift register is loaded into the FIFO 
and reset when the receiver FIFO is empty. 

Bit 1: This bit is the Overrun Error (OE) indicator. 
Bit 1 indicates that data in the Receiver Buffer 
Register was not read by the CPU before the next 
character was transferred into the Receiver Buffer 
Register, thereby destroying the previous charac
ter. The OE indicator is reset whenever the CPU 
reads the contents of the Line Status Register. 

When in FIFO Mode, an OE occurs after the RCVR 
FIFO is full and the receiver shift register has com
pletely received the next character. An OE is indi
cated to the CPU as soon as it occurs. The 
character in the shift register will be written over but 
nothing will be transferred to the FIFO. ' 

Bit 2: This bit is the Parity Error (PE) indicator. Bit 
2 indicates that the received data character does 
not have the correct even or odd parity, as selected 
by the even-parity-select bit. The PE bit is set to a 
logic 1 upon detection of a parity error and is reset 
to logic 0 whenever the CPU reads the contents of 
the Line Status Register. 

When in FIFO Mode a parity error is associated with 
a particular character in the FIFO, and revealed to 
the CPU when the associated character is in the 
top of the FIFO. 

B~t 3:. T~is bit is the Framing Error (FE) indicator. 
Bit 3 mdlcates that the received character did not 
have a valid Stop Bit. Bit 3 is set to a logic 1 
whenever the Stop Bit following the last data bit or 
parity bit is detected as a zero bit (Spacing Level). 
Bit 3 is reset to logic 0 whenever the CPU reads the 
contents of the Line Status Register. When in FIFO 

WD16C4521WD16C552 

Mode, an FE is associated with a particular charac
ter in the FIFO, and revealed to the CPU when the 
associated character is in the top of the FIFO. 

Bit 4: This bit is the Break Interrupt (BI) indicator. 
Bit 4 is set to a logic 1 whenever the received data 
input is held in the Spacing (Logic 0) state for longer 
than a full word transmission time (that is the total 
time of Start Bit + data bits + Parity + Stop'Bits). Bit 
4 is reset to logic 0 whenever the CPU reads the 
contents of the Line Status Register. Restarting 
after a break is received requires the SIN pin be 
high for at least one-half (1/2) bit time. 

~hen in FIFO ~ode, BI is associated to the par
ticular character In the FIFO, and this bit is set when 
the associated character is in the top of the FIFO. 

NOTE: 
Bits 1 through 4 are the error conditions that 
produce a RecE;liver Line Status interrupt whenever 
any of the corresponding conditions are detected 
and Receiver Line Status interrupt is enabled. All 
bits except bit 7 of the Status Register can be set 
or reset by writing to the register. 

Bit 5: This bit is the Transmitter Holding Register 
Empty (THRE) indicator; Bit 5 indicates that the 
ACE is ready to accept a new character for trans
mission. This bit also causes the ACE to issue an 
inter.rupt to the CPU when the Transmit Holding 
Register Empty Interrupt enable is set high. The 
THRE bit is set to a logic 1 when a character is 
transferred from the Transmitter Holding Register 
into the Transmitter Shift Register. The bit is reset 
to logic 0 concurrently with the loading of the Trans
mitter Holding Register by the CPU. 

When in the FIFO M(lde, this bit will be set when 
the XMIT FIFO is empty, and cleared after at least 
one character is written into the XMIT FIFO. The 
Transmitter FIFO Empty indications will be delayed 
one character time minus the last Stop bit time 
whenever the following occurs: the Transmitter 
FI FO is empty and there have not been at least two 
characters in Transmitter FIFO at the same time 
since the last time that Transmitter FIFO was 
empty. The first transmitter interrupt after changing 
the first bit of FIFO Control Register will be imme
diate if it is enabled. 

Bit 6: This bit is the Transmitter Empty (TEMT) 
indicator. Bit 6 is set to a logic 1 when both trans-
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mitter registers (Transmitter Holding Register and 
Transmitter Shift Register) are idle (empty). It is 
reset to a logic 0 upon loading of data into the 
Transmitter Holding Register. 

In FIFO Mode this bit is set when the XMIT FIFO 
and XMIT Shift Register are both ,empty. It is 
cleared when at least one byte is written into the 
XMITFIFO. 

>. ~ 

Bit 7: Thi,s bit (LSR7) is 0 when in Character Mode. 
When in FIFO Mode, this bit is a one if there is at 
least one panty error, framing error or break indica
tion in the FIFO. LSR7 is cleared when this register 
is read as long as there are no additional errors in 
the FIFO. 

4.6 INTERRUPT IDENTIFICAnON 
REGISTER 

The ACE has an interrupt capability that allows for 
complete flexibility in interfacing to all popular 
microprocessors prese",tly, available. , In order to 
provide minimum software 'overhead during data 
character transfers, the ACE prioritizes interrupts 
into four levels. The fout levels' of ihterrupt con
ditions are as follows: Receiver Line Status 
(priority 1);. Receiv,ed Data RE!ady (priority 2); 

ACE OPERATIONAL DESCRIPTION 

Transmitter Holding Register Empty (priority 3); and 
MODEM Status (priority 4). 

Information indicating that a prioritized interrupt is 
pending and source of that interrupt is stored in the 
Interrupt Identification Register (refer to Table 4-2). 

This register (IIR), when addressed during chip
select time, freezes the highest priority interrupt 
pending and no other interrupts are acknowledged 
until the particular interrupt is serviced by the CPU. 
Its contents are indicated in Table 4-6 and are 
described below. 

Bit 0: ,This ,bit can be used in either a hardwired 
prioritized or polled environment to indicate 
whether an interrupt is pending.' When bit 0 is a 
logic 0, an interrupt is pending and the IIR contents 
may be used as a pointer to the appropriate inter
rupt service routine. When bit 0 is a logic 1, no 
interrupt is pending and polling (if used) continues. 

Bits 1 through 3: These three bits are used to 
identify the highest prioritiy interrupt pending (see 
Table 4-6). 

Bits 4 and 5: These bits are always logic O. 
Bits 6 and 7: These bits, when set, indicate that the 
device is in FIFO Mode (FCRO = 1). 
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INTERRUPT IDENTIFICATION INTERRUPT SET AND RESET FUNCTIONS 
REGISTER 

Bit 3 Bit 2 Bit 1 Bit 0 Priority Interrupt Interrupt Interrupt 
Level Flag Source Reset Control 

0 0 0 1 -- None None --
0 1 1 0 Highest Receiver Overrun Error Reading the 

Line Status or Parity Error Line Status 
or Framing Error Register 

. or Break Interrupt 

0 1 0 0 Second Received Data Receiver Data Reading the 
Available Available Receiver Buffer 

Register 

1 1 0 0 Second Character No Characters Reading the 
Timeout have been input Receiver Buffer 
Identification or removed from Register 

RCVR FIFO 
during the last 
4 character times, 
and at least one 
character occupies 
it during this time. 

0 0 1 0 Third Transmitter Transmitter Reading the IIR 
Holding Holding Register (if source 
Register Register of interrupt) or 
Empty Empty Writing into the 

Transmitter 
Holding Register 

0 0 0 0 Fourth MODEM Clear to Send Reading the 
Status or Data Set or MODEM Status 

Ring Indicator Register 
or Received Line 
Signal Detect 

TABLE 4·6. INTERRUPT CONTROL FUNCTIONS 
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4.7 INTERRRUPT ENABLE REGISTER 
This 8-bit register enables the four interrupt sources 
of the ACE to separately activate the device Inter
rupt (INT) output signal, when bit 3 of MCR is a logic 
1. Its contents are indicated in Table 4-2 and are 
described below. It is possible to totally disable the 
interrupt system by resetting bits 0 through 3 of the 
Interrupt Enable Register. Similarly, by setting the 
appropriate bits of this register to a logic 1 , selected 
interrupts can be enabled. Disabling the interrupt 
system inhibits the Interrupt Identification Register 
and the active (high) INT output from the device. 
All other system functions operate in their normal 
manner, including the setting of the Line Status and 
MODEM Status Registers. 

Bit 0: This bit enables the Received Data Available 
Interrupt when set to logic 1. 

Bit 1: This bit enables the Transmitter Holding 
Register Empty Interrupt when set to logic 1. 

Bit 2: This bit enables the Receiver Line Status 
Interrupt when set to logic 1. 

Bit 3: This bit enables the MODEM Status Interrupt 
when set to logic 1 . 

Bits 4 through 7: These four bits are always logic 
o. 

4.8 SCRATCH PAD REGISTER 
This 8-bit register does not control or report status 
on any part of the ACE. It is a read/write register 
that can be used by the programmer as a general 
purpose register. 

ACE OPERATIONAL DESCRIPTION 

4;9 FIFO CONTROL REGISTER 
This write only register is located at the same 
address as the IIR (read only). This register is used 
to enable FIFO Mode, clear FIFOs, set the RCVR 
FIFO trigger levels, and select the mode of DMA 
signaling. 

Bit 0: Writing a one to this bit enables the XMIT and 
RCVR FIFOs. When changing from Character 
Mode to FIFO Mode, data in the FIFOs does not 
automatically clear. Resetting FCRO will clear all 
characters from RCVR Error FIFO. The FIFOs 
should be cleared immediately after changing to 
FIFO mode. This bit must be a 1 before writing to 
other FCR bits or they will not be programmed. . 

Bit 1: Writing a 1 to FCR1 will clear all bytes from 
RCVR Error FIFO and reset its counters to 0, and 
then self clear this bit to o. The shift register and 
RCVR FIFO are not cleared. 

Bit 2: Functions the same as bit 1, but for XMIT 
FIFO. 

Bit 3: If FCRO = 1, setting FCR3 to a 1 will cause 
the RXRDY and TXRDY pins to change from Mode 
o to Mode 1 (see pin description of RXRDY and 
TXRDY). 

Bits 4 and 5: Reserved for future use. 

Bits 6 and 7: These bits control the trigger level of 
the RCVR FIFO interrupt. 

7 6 RCVR FIFO TRIGGER 
LEVEL (BYTES) 

0 0 01 
0 1 04 
1 0 08 
1 1 14 
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5.0 MODEM CONTROL REGISTER 
This 8-bit register controls the interface either with 
the MODEM or data set (or a peripheral device 
emulating a MODEM). The contents of the 
MODEM Control Register are indicated in Table 
4-2. 

Bit 0: This bit controls the Data Terminal Ready 
(DTR) output. When bit 0 is set to a logic 1, the 
DTR output is forced to a logic o. When bit 0 is reset 
to a logic 0, the DTR output is forced to a logic 1. 

NOTE: 
The DTR output of the ACE may be applied to 
an EIA inverting line driver (such as the 
DS1488) to obtain the proper polarity input at 
the succeeding MODEM or data set. 

Bit 1: This bit controls the Request to Send (RTS) 
output. Bit 1 affects the RTS output in a manner 
identical to that described above for bit o. 

Bit 2: No connect. In loopback mode this bit is 
connected to the MODEM Status Register bit 6. 

Bit 3: This bit enables the INT output pin. When 
this bit is a logic 0 the INT output pin is tri-stated. In 
loopback mode this bit is connected to bit 7 of the 
MODEM Status Register. 

Bit 4: This bit provides a loopback feature for 
diagnostic testing of the ACE. When bit 4 is set to 

Receiver Line Status INT ---..., 

Receive Data INT 

Time Out INT --;=:::3 
THRE INT 

MODEM INT ___ ....I 

Loopback (MCR4) -----C~ 

INT Enable (MCR3) -----I 

WD16C4521WD16C552 

logic 1, the following occurs: the transmitter Serial 
Output (SOUT) is set to a logic 1 (high) state; the 
receiver Serial Input (SIN) is disconnected; the 
output of the Transmitter Shift Register is "looped 
back" into the Receiver Shift Register input; the four 
MODEM Control Inputs (CTS, DSR, RLSD, and RI) 
are disconnected; and the four MODEM Control 
bits (0-3) are internally connected to the four 
MODEM Control inputs. The INT output pin is 
tri-stated when in loopback mode. In the diagnostic 
mode, data that is transmitted is immediately 
received. This feature allows the processor to 
verify the transmit- and receive-data paths of the 
ACE. 

In the diagnostic mode, the receiver and transmitter 
interrupts are fully operational. The MODEM Con
trollnterrupts are also operational butthe interrupts' 
sources are now the lower four bits of the MODEM 
Control Register instead of the four MODEM Con
trol inputs. The interrupts are still controlled by the 
Interrupt Enable Register. 

The ACE MODEM interrupt system can be tested 
by writing into the lower four bits of the MODEM 
Status Register. To return to this operation, the 
registers must be reprogrammed for normal opera
tion and then bit 4 must be reset to a logic o. 

Bits 5 through 7: These bits are permanently set to 
a logic o. 

INTO 
or 

INT1 

FIGURE 5-1. INTERRUPT SIGNAL LOGIC 
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6.0 MODEM STATUS REGISTER 
This 8-bit register provides the current state of the 
control lines from the MODEM (or peripheral 
device) to the CPU. In addition to this information, 
four bits of the MODEM Status Register provide 
change information. ,These bits are set to a logic 1 
whenever a control input from the MODEM chan
ges state. They are reset to logic 0 whenever the 
CPU reads the MODEM Status Register. 

The contents of the MODEM Status Register are 
indicated in Table 4-2 and are described below. 

Bit 0: This bit is the" Delta Clear to Send (DCTS) 
indicator. Bit 0 indicates that the CTS input to the 
device has changed state since the last time itwas 
read by the CPU. 

Bit 1: This bit is the Delta Data Set Ready (DDSR) 
indicator. Bit 1 indicates that the DSR input to the 
device has changed since the last time it was read 
by the CPU. 

Bit 2: This bit is the Trailing Edge of Rin91ndicator 
(TERI) detector. Bit 2 indicates that the RI input to 
the device has changed from an On (logic 1) to an 
Off (logic 0) condition. 

Bit 3: This bit is the Delta Received Line Signal 
Detector (DRLSD) indicator. Bit 3 indicates that the 
RLSD input to the device has changed state. 

NOTE: Whenever bit 0, 1,2, or 3 is set to logic 1, 
a MODEM Status Interrupt is generated. 

Bit 4: This bit is the complement of the Clear to 
Send (CTS) input. This bit becomes equivalent to 
RTS of the MODEM Control Register, if Bit 4 of the 
MODEM Control Register is set to 1. 

Bit 5: This bit is the complement of the Data Set 
Ready (DSR) input. This bit becomes equivalent 
to DTR of the MODEM Control Register, if Bit 4 of 
the MODEM Control Register is set to 1. 

Bit 6: This bit is the complement of the Ring In
dicator (RI) input. This bit becomes equivalent to 
Bit 2 of the MODEM Control Register, if Bit 4 of the 
MODEM Control Register is set to 1 . 

Bit 7: This bit is the complement of the Received 
Line Signal Detect (RLSD) input This bit becomes 

MODEM STATUS REGISTER 

equivalent to Bit 3 of the MODEM Control Register, 
if Bit 4 of the MODEM Control Register is set to 1. 

FIFO Interrupt Mode Operation Notes: 

When FCRO=1 and IERO=1 the following RCVR 
interrupts will occur: 

1. A FIFO timed interrupt occurs when: 
a. There is at least one byte in the RCVR FIFO. 

b. No character has been received in 4 con
tinuous character times (if 2 stop bits are 
being used the second one is included in this 
time delay). 

c. The most recent CPU read from the FIFO 
has exceeded 4 continuous character times. 

The timeout counter is proportional to the baud rate. 
After a timeout interrupt, the interrupt is cleared and 
the timer is reset when the CPU reads a character 
from the RCVR FIFO. 

2 When the RCVR FIFO reaches its programmed 
trigger level, the receive data interrupt is set. 
This interrupt is cleared as soon as the FIFO 
level falls below the trigger level. 

FIFO Pointer Notes: 

The RCVR FIFO has an internal pointer that auto
matically points to the RCVR Data byte to be read 
and the associated Status byte. Reading the 
RCVR Data byte will increment the internal counter, 
whereas reading the Status byte will not. The 
Status byte should always be read prior to the Data 
byte associated with it. 

FIFO Polling Mode Operation Notes: 

This mode is initialized when FCRO=1 and IERO, 
IER1, IER2, and IER3 are all O. In polling mode, the 
user can poll the LSR directly to check the trans
mitter and receiver status. Since the receiver and 
transmitter are controlled separately, either one or 
both can be in polling mode. ' 

There is no trigger level reached or timeout condi
tion indicated on the Interrupt pin in the FIFO Polling 
Mode, however, the RCVR and XMIT FIFOs are still 
fully capable of holding characters. 
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7.0 PARALLEL PORT DESCRIPTION 
The parallel port supports Centronics-type printers. 
When CS2 is low, the parallel port is selected 
allowing access to all parallel port control and 
status registers. (Refer to Tables 7-1 and 7-2.) 

Register Descriptions: 

Read Port Register 
Bits 0 through 7: These bits correspond to the 
data on the parallel bus. This register is used 
to read the data from the parallel bus. 

Read Status Register 
Bits 0 through 1: These bits are set to a logic 
one. 

A1 AO lOR 

0 0 0 
0 1 0 
1 0 ·0 
1 1 0 
0 0 1 
0 1 1 
1 0 1 
1 1 1 

WD16C4521WD16C552 

Bit 2: This bit represents the status of the INT 
pin. This bit is only available in the 
WD16C552. 

Bits 3 through 7: These bits represent the 
status of the corresponding pins. Refer to 
Table 7-2. 

Read Control Register 
Bits 0 through ·3: These bits show the status 
of the corresponding pins. Refer to Table 7-2. 
NOTE: These values reflect the signal on the 
open drain outputs, not necessarily the value 
in the write control register. 

Bit 4: This bit represents the status of INT2 
being enabled. INT2 is enabled when this bit 
is set to one. 

lOW REGISTER 

1 Read Data 
1 Read Status 
1 Read Control 
1 Invalid 
0 Write Data 
0 Invalid 
0 Write Control 
0 Invalid 

TABLE 7-1. PARALLEL PORT (CS2::O) REGISTER ADDRESSES 

BIT READ READ READ WRITE WRITE 
NO. PORT STATUS CONTROL CONTROL DATA 

0 1 2 2 . 0 

0 Data Bit 0 1 Strobe Strobe Data Bit 0 

1 Data Bit 1 1 Autofd Autofd Data Bit 1 

2 Data Bit 2 INTt Init Init Data Bit 2 

3 Data Bit 3 Error Slin Slin Data Bit3 

4 Data Bit 4 Sict Irq Enb Irq Enb Data Bit 4 

5 Data Bit 5 PE 1 DIRt Data Bit 5 

6 Data Bit 6 Ack 1 Data Bit 6 

7 Data Bit 7 Busy 1 1 Data Bit 7 

TABLE 7-2. ACCESSIBLE PARALLEL PORT REGISTERS 
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Bits 5 through 7: These bits always return to 
a logic one. 

Write ControIRegister.: 
Bits 0 through 4: Writing to these bits will set 
the output of the corresponding pins. 

Write Port Register 
Bits 0 through 7:·. These bits correspond to the 
data to be placed on the parallel bus. . This 
register is used to write data to the parallel bus 
based on Table 7-3. 

Bit 5: The Direction bit works in conjunction with 
the BIDEN pin to determine the direction of the 
parallel port data bus in extended mode, as 
described in the table below. This bit is only avail
able in the WD16C552, and is a write only bit. 

PORT PORT PIN 1 DIRECTION 
MODE DIRECTION BIDEN. BIT 

Extended Write 0 

Extended Write 0 X 

Extended Read 1 

Compatible Write 0 N/A 

Compatible Read N/A 

TABLE 7-3. PARALLEL PORT OPERATION MODES 

REGISTER! RESET RESET 
SIGNAL CONTROL STATE 

Control Master Reset All bits low. 

Data (Write) Master Reset All bits low. 

Data (Read) Master Reset Data 

Status Master Reset Bits 0-2 are high, 
Bits 3-7 are ERR, SLCT, 
PE, ACK and Busy inputs. 

INT2 Master Reset High Impedence. 

SLIN Master Reset High. 

INIT Master Reset Low. 

AFD Master Reset High. 

STB Master Reset High. 

TABLE 7-4. PARALLEL PORT RESET CONTROL OF REGISTERS & 
SIGNAL 
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8.0 TYPICAL APPLICATIONS 
Figures 8-1 and 8-2 show how to use the ACE devices in a 80286 system and in a microcomputer system 
with a high-capacity data bus. 

ss 

OCOMPUTER MICR 
SYST EM 

ss 

lOW RECEIVER DISABLE 

iOw 

r------ -------
I WDl6C452J552 

I 
~ I I 

I I 
DATA BUS DATA BUS 

I 07-00 

I I 

I I 

I 
'~ 

I 
I I .. _----- 1-----..,._..1 

8-BITBUS 
TRANSCEIVER 

BOO 

DRIVER DISABLE 

FIGURE B-1. TYPICAL INTERFACE FOR A HIGH-CAPACITY DATA BUS 

11/21/90 2-23 



.. WD16C452/WD16C552. TYPICAL APPLICATIONS 

AO'A2I¢:=======->1 

A3.A23 

8G288 
IIICIIOPROCESSOR 

J ADDRESS E I DECODE 

fill~H .. .. ., 
.z 
18 ~ ~ ! ! ! 

;'1 ;'1 II! ;'1 ;'1 >-

9 l ~ + + i ,~ 7 

AO·A2 I~I~I~I~I~I~III~ 
CSo ~ ~ 

Cs1 
CS2 

D7'00 
DATA PORT 

1<:== rt:> D80 • DB7 <» DBO· 087 
8228/1238 

.. 
! 
;'1 

a 

AO·AI5 i'" 
~LLER iOR ----+ iOR 
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7+ 
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DTiii -'" 1/6 1488 r'""'2O"" 
Ri'S1 J:: 1/6 1488r-t-

-- ~ ... ~ TXRDVI -- f+ RXRDYI 

Rll i'"-+ 5V, /6 1489 ~ ALsiii 
::: 1/6 1489 r-+-DSRI - ;; 1/6 1489 ~ CTSI .... ~ 

.Jo. 1/61 
SOUTI ... ~ 

SINI 
A 1/6 1489 "'""3 

INTI f+ .... ~ 

L..!:=~RE~SE~T:!:::~=======:I RESET 
CLK 

_ BIDEN 

2-24 

1 
+ 

PIN .CONNECTIONS ARE PRINTER MODEL DEPENDENT I 

FIGURE 8-2. TYPICAL 16-BIT MICROPROCESSORlRS-232 TERMINAL INTERFACE 
USING THE WD16C552 
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APPENDIX A 

A.O DC OPERATING CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 

Temperature 
Under Bias .................................. O°C (32°F) to 70'C (158°F) 

Storage Temperature .......................... -65°C (-85'F) to + 150°C (302'F) 

All Input or Output Voltages 
with respect to Vss ............................ -0.5V to +7.0V 

Power Dissipation WD16C452IWD16C552 ........ 300 mW 

Absolute maximum ratings indicate limits beyond which permanent damage may occur. Continuous 
operation at these limits is not intended; operation should be limited to those conditions specified under 
DC Operating Characteristics. 
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VVD16C452~D16C552 
TEST 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

Vilx Clock Input Low -0.5 0.8 V 
Voltage 

Vihx Clock Input High 2.0 Vcc V 
Voltage 

Vii Input Low Voltage -0.5 0.8 V 

Vih Input High Voltage 2.0 Vcc V 

Vol Output Low Voltage 0.4 V 101 = 4.0 mA on OBO-OB? 
101 = 24 mA on POO-PO? 
101 = 20 mA on IN IT, STB , 
SUN, AFO 
(NOTE). 
101 = 2.0 mA on other outputs. 

Voh Output High Voltage 2.4 V loh = -0.4 mA on OBO-OB? 
loh = -15.0 mA on POO-PO? 
loh = -0.55 mA on INIT, 
AFO, STB, SUN. 
loh= -0.2 mA on other outputs. 

Icc Power Supply Current 60 mA Vcc = 5.25V, no loads~ 
outputs: SINO, SIN1, OSRO, 
OSR1,RLSOO,RLS01, 
CTSO, CTS1, RIO, RI1 = 2.0V. 
Other inputs = 0.8V. 
Baud Rate = 512K. 
BRG = 8 MHz. 

Iii Input Leakage ±10 IlA Vcc = 5.25V, Vss = O.OV. 
All other pins float. 

Icl Clock Leakage ±10 IlA Yin = O.OV, 5.25V. 

Idl Data Bus Leakage ±10 IlA Vout = O.4V, Vout = 4.6V 
Data Bus in High 
Impedance State. 

loz 3 State Leakage ±20 IlA Vcc = 5.25V, GNO = OV, 
Vout = O.OV, 5.25V. 

Vii (RES) Reset Schmitt Vii 0.8 V 

Vih (RES) Reset Schmitt Vih 2.0 V 

NOTE: 
The SLlN, AFO, STB and INIT outputs are all open collector with 2.5K to 3.5K Ohms internal pull-up 
resistors. When in Vol state, each input will sink a minimum of 20 mA, The internal pull-ups 
generate 2.0 mA of internal 101. 

TABLE A·1. DC OPERATING CHARACTERISTICS 
Ta = O°C (32°F) to =70°C (158°F), Vcc = +5V ± 5%, Vss = av, Unless Otherwise Specified. 
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WD16C4S2IWD16CSS2 
TEST 

SYMBOL CHARACTERISTIC TYP MAX UNITS CONDITIONS 

Cin Input Capacitance 6 10 pF Unmeasured Pins 
Returned to Vss 

Cout Output Capacitance 10 20 pF Unmeasured Pins 
Returned to Vss 

TABLE A-2. CAPACITANCE 
Ta = 25°C (77°F), f = 1.0 MHz, Vee = Vss = OV 
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" . AC OPERATING CHARACTERISTICS AND TIMING DIAGRAMS 

APPENDIXB 

B.O AC OPERATING CHARACTERISTICS AND TIMING DIAGRAMS 

:' Ta = O°C (32°F) to +70°C (158°F). Vss = +5V ± 5% 

.' B.1 TIMING DIAGRAMS 

:~ 

FIGURE NUMBER 

8-1 

8-2 

8-3 

8-4 

8-5 

8-6 

8-7 

8-8 

8-9 

8-10 

8-11 

8-12 

8-13 

8-14 

TITLE 

Receiver Timing 

Transmitter liming 

MODEM Control Timing 

Read Cycle liming 

Write Cycle liming 

RCVR FIFO Signaling Timing for First 8yte 

RCVR FIFO Signaling liming after First 8yte (R8R already set) 

Receiver DMA Mode 0 liming (FCRO = 0 or FCRO = 1 and 
FCR3 = 0) 

Receiver DMA Mode 1 liming (FCRO = 1 and FCR3 = 1) 

Transmitter DMA,Mode 0 liming (FCRO = 0 or FCRO = 1 and 
FCR3 = 0) 

Transmitter DMA Mode 1 (FCR3 = 1) 

Parallel Port liming 

WD16C452 Parallel Port Interrupt Timing 

WD16C552 Parallel Port Interrupt liming 

TABLE B-1. WD16C4521WD16C552 TIMING DIAGRAMS 
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RCLK 

SAMPLECLK 

SIN (RECEIVER 
INPUT DATA) 

SAMPLECLK 

INTERRUPT 

Ir--uSS-U-SS-U-
... 8CLKS ~ ,.... t 16CLKS --I 

___ I _________ ... ---,1 ... SCD ss 

U II 
PARITY STOP 

SSr--1 --.---.--r--I ---rl---r-I SS

_----J-r'''' ~\ ... ttRINT 1":--
lOR I ----------------------------------. 

(READ REC 
DATA BUFFER) 

NOTE: 

I See Read Cycle Timing 

FIGURE B-1. RECEIVER TIMING 

VVD16C45~D16C552 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
TEST 
CONDITIONS 

tSCD Delay from RCLKt to 2 ~s 
Sample Time 

tSINT Delay from 17· RCLKt 100 pF Load 
Stop to Set Interrupt Cycles 

tRINT Delay from lOR ~s100 pF Load 
(RD RBR) Reset 
Interrupt 

(.) When receiving the first byte in FIFO Mode, tSINT (only for timeout or trigger level interrupt) will be 
delayed 19 RCLK cycles, except for a timeout interrupt where tSINT will be delayed 24 RCLK cycles. 

(t) RCLK is an internal clock used for sampling serial in data. 
RCLK is equivalent to 16 times the baud rate clock. 

TABLE B-2. RECEIVER TIMING 
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SYMBOL 

tDIW 

tRC 

RC 

tDD 

tDDD 

tHZ 

tDOW 

twc 

WC 

tDS 

tOH 

2-30 

SERIAL OUT 
(SOUT) 

INTERRUPT 
(THRE) 

IOW t 

_ t
SI

_ UtHR
-

(WRTHR) . ~----''''---I 0- ,_tIR 

iOR 2 . . 
(ROIIR) ----------------

NOTES: 

~ See Write Cycle Timing 
See Read Cycle Timing 

FIGURE B-2. TRANSMITTER TIMING 

WD16C4521WD16C552 

CHARACTERISTIC MIN MAX UNITS 

lOR Strobe Width 125 ns 

Read Cycle Delay 125 ns 

Read Cycle = 280 ns 
tDIC+tDIW+ 
tRC + 20 nsec 

lOR to Driver 60 ns 
Enable (BOO) Delay 

Delay from lOR 100 ns 
to Data 

lOR to Floating 0 100 ns 
Data Delay 

lOW Strobe Width 100 ns 

Write Cycle Delay 150 ns 

Write Cycle = 280 ns 
+ tDOC+tOOW 
+ twc + 20 nsec 

Data Setup Time 30 ns 

Data Hold Time 30 ns 

TABLE B-3. TRANSMITTER llMING 

11/21/90 

TEST 
CONDITIONS 

1 TTL Lpad 

1 TTL Load 

1 TTL Load 

1 TTL Load 

HTLLoad 

HTLLoad 

1 TTL Load 

1 TTL Load 

1 TTL Load 

1 TTL Load 

HTLLoad 

i2E 
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IOW1 
(WRMCR) \ -toot \ -1 J-"oo RTs, iiTR 

CTS, OSR, RLSO 1 r \. '\ 
INTR 

... , tSIM ___ I~ ... tRIM ___ I~ ... ---IOR2 tRIM 

(RO MSR) 

~ ~V 

J Ai 
NOTES: \ 
1 See Write Cycle Timing 
2 See Read Cycle Timing 

FIGURE B·3. MODEM CONTROL TIMING 

WD16C4521WD16C552 
TEST 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

tMDO Delay from lOW 200 ns 100 pF Load 
(WR MeR) to Output 

tSIM Delay to Set Interrupt 250 ns 100 pF Load 
from MODEM Input 

tRIM Dela~Reset Interrupt 250 ns 100 pF Load 
from lOR (RD MSR) 

TABLE B·4. MODEM CONTROL TIMING 
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2-32 

~.~------------~------RC----------------------~.~ 

¥~. --'DIC-----.":!. .1.+ ''"' -1 
-:.. __________________ --'-____ {-'''w -f . 'eo -----... 

BOO 

_'DD_}I+',,-~ 
'--------

DATA 

rt-o, 
1-'''D-·t:~:j>-______ _ 

lOW 

DATA 

'1>- 0, 

FIGURE B-4. READ CYCLE TIMING 

~~~---------------------WC------------------------;·~I 

-'1 
x VALID I 

II 
J 

x 
'DOC -----t~I~ ~I~ 

__________________________ (- 'DOW -T,..: ______ 'W_C ___ --_-_-_~ .. ~_ 

I'-'DS~I~I 
-----------------------------« VALID DATA )>------------

FIGURE B-S. WRITE CYCLE TIMING 

11/21/90 



AC OPERA TlNG CHARACTERISTICS AND TIMING DIAGRAMS WD 16C4521WD 16C552 

WD16C452IWD16C552 
TEST 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

tOIW lOR Strobe Width 125 ns 1 TTL Lpad 

tRC Read Cycle Delay 125 ns 1 TTL Load 

RC Read Cycle = 280 ns 1 TTL Load 
tDic + tOIW + 
tRC + 20 nsec 

too lOR to Driver 60 ns 1TTL Load 
Enable (BOO) Delay 

tO~~ Delay from lOR 100 ns 1 TTL Load 
to Data 

tHZ lOR to Floating 0 100 ns 1 TTL Load 
Data Delay 

toow lOW Strobe Width 100 ns 1 TTL Load 

twc Write Cycle Delay 150 ns 1 TTL Load 

WC Write Cycle = 280 ns 1 TTL Load 
+ tooc + toow 
+ twc + 20 nsec 

lOS Data Setup lime 30 ns 1 TTL Load 

tOH Data Hold Time 30 ns 1 TTL Load 

TABLE B·5. READ/WRITE CYCLE TIMING 
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SERIAL IN 
(SIN) 

SAMPLE CLK 

~ jr-----ss 
'I-_ -,-___ D_A_TA-,(c-S-S...:..)_:sS 

_-1I_-,-_~~-SS---'--"----:-'---'------''---
FIFO TRIGGER 

LEVEL INTERRUPT 
FCR6 = 0, FCR? = ° 

_______________________________ 1_4 _______ ~~ss 
t RINT .... 

LSINT 

iOR 
(RDLSR) 

lOR 
(RDRBR) 

__________________ ~ ___ ~/ - L 

-----------------------------------------~ 

FIGURE B-6. RCVR FIFO SIGNALING TIMING FOR FIRST BYTE 

SERIAL IN ~ r--------- ss 
(SIN) '\.._ ~j ___ D_A_TA...;(_S-B_'_)_SS 

SAMPLE CLK ---'-----'-----'-----'----SS; _---' __ ---' __ ---'1 __ ---''-----'1'--__ _ 
FIFO TRIGGER 

LEVEL INTERRUPT 
FCR6 = 0, FCR? = 0 :-"·'1' 

2-34 

LSINT = = = = = = = = = = = = = = = = = = _\\'--_______ ~l'-T-O-P-BYT--E-O-FF-,F-O'\' 
lOR _______________________________ -+_.-__ t_SI_NT_-._:...!-'-...,- ~,~T~ - il'-.---t-----

(RDLSR) PREVIOUS ACTIVE J 
BYTE READ 

lOR ____________________________ 'FROM FIFOIr-__________________ -----' 

(RDRBR) 

FIGURE B-7. RCVR FIFO SIGNALING TIMING AFTER FIRST BYTE 
(RBR Already Set) 
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lOR 
(RDRBR) 

LAST BYTE 
------- 55 ----------,. READ FROM 

FIFO 

(FIRST BYTE) 

'" ~ 'AA'N i'=ST=-=O:=-P ': --..~ 

SAMPLECLK 

FIGURE B·8. RECEIVER DMA MODE 0 TIMING (FCRO = 0 OR FCRO = 1 and FCR3 = 0) 

lOR 
(RDRBR) 

SIN 

SAMPLECLK 

RXRDY 

--------55---------.. 

( FIRST BYTE TO ) 
REACH TRIGGER LEVEL 

PARITY STOP 

FIGURE B·9. RECEIVER DMA MODE 1 TIMING (FCRO = 1 and FCR3 = 1) 
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lOW 
(WRTHR) 

SOUT 

i'XRi5Y 

lOW 
(WRTHR) 

SOUT 

TXRDY 

2-36 

BYTE 

~ 
DATA I X· .. ITY Y=>:1 ~NU 

twxl--.l 1- tsXA --. 

FIGURE 8·10. TRANSMITIER DMA MODE 0 TIMING 
(FCRO = 0 or FCRO = 1 and FCR3 = 0) 

lAST BYTE 

9 

f-

DATA I X""" y.;,;,: 1 OTNU 

twxl--.l 1- tSXA --. f-
FIGURE 8·11. TRANSMITTER DMA MODE 1 (FCRO = 1 and FCR3 = 1) 
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ACK 

BUSY 

INT2IINT2 

_______________________________ ~ __ ~I ___ tD_~t~~r~-------------

t tDIl is the delay from the positive transition of iOW only when the Write Cycle, bit 4 of the 
Write Control Register (IRQ Enable Bit) is low. 

FIGURE 8-12. PARALLEL PORT TIMING 
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INT2 

NOTE: INT2 is driven both high and low. 

FIGURE 8·13. WD16C452 PARALLEL PORT INTERRUPT TIMING 

iOR 
(Reading PPSR) 

\ 

\ 

-{.~t-
NOTE: iNT2 is open collector. is driven low only. 

f 
-I J-'''' 

FIGURE 8·14. WD16C552 PARALLEL PORT INTERRUPT TIMING 
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WD1SC4521WD1SC552 
TEST 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

tooc lOW Delay from Chip 30 ns 
Select and Address 

tOIC lOR Delay from Chip 30 ns 
Select and Address 

two lOW Hl9h..to POO-P07, f.ls No External Pull-up 
SLlN, INIT, AFO, STB Resistor and 50 pF Load 

tHO BIOEN High to POO-P07 120 ns 
tri-state 

tLPO BIOEN Low to POO-P07 100 ns 
Delay 

tpOH POO-P07 Hold Time 100 ns 
from lOR 

tpos POO-P07 Set-up Time 100 ns 
from lOR 

toow lOW Strobe Width 100 ns 

tOIW lOR Strobe Width 125 ns 

tACW Chip Select and Address 20 ns 
Hold Time from lOW 

tACR Chip Select and Address 20 ns 
Hold Time from lOR 

tBSA BUSY Start to ACK ms Printer Dependent 

tBSY BUSY Width f.ls Printer Dependent 

tAK ACK Width f.ls Printer Dependent 

IAI INT2 Delay from ACK 60 ns 1 TIL Load 
(W016C452) 

IASI ACK to set interrupt 60 ns 1 TIL Load 
(W016C552) 

IRRI Read Parallel Port Status 60 ns 1 TIL Load 
Register (PPSR) to reset 
INT2. 

tOil lOW High to INT2/INT2 0 100 ns 1 TIL Load 
tri-state 

TABLE B-S. PARALLEL PORT TIMING 
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APPENDIXC 

C.O PACKAGE DIAGRAM 
Figure C-1 illustrates the 68-pin QUAD plastic package showing dimensions in inches. 

2-40 

0.16510.180 
4.191/4:5727 

_0.075 
1.905 

8 PLCS 

~
PINNO.11.D. 

0.022 
, 0.558 

t 

OPTION C 

Lr."""0."'00"'4/'"".0""".00=-=0-' 
SEATING PLANE 

OPTION 
-A-

FIGURE C-1. 58-PIN QUAD PLASTIC PACKAGE 
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INTRODUCTION 

1.0 INTRODUCTION 

1.1 DESCRIPTION 

The WD16C550 is an enhanced programmable 
Asynchronous Communications Element (ACE) 
fabricated in CMOS silicon gate technology. The 
WD16C550 is fully compatible to the National 
NS16550A. Upon powerup the WD16C550 is func
tionally identical to the WD16C450 (Character 
Mode), and an alternate mode (FIFO Mode) can be 
activated through software to relieve the CPU of 
excessive overhead during high data rates due to 
interrupts. 

1.2 FEATURES 

• Designed to be easily interfaced to most 8-, 
16-, and 32-bit microprocessors 

• Generating and stripping of serial 
asynchronous data control bits (start, stop, 
parity) 

• Provides 16-byte FIFO buffers on the 
transmitter and receiver for CPU relief during 
high speed data transfer 

• FIFO or Character Modes are user selectable 

• Independently controlled transmit, receive, 
line status, and data set interrupts 

• Programmable baud rate generator ftllows 
division of any input clock by 1 to (2 -1) and 
generates the internal clock 

• Independent receiver 16X clock input 

• MODEM interface capabilities 

• Fully programmable serial-interface 
characteristics 

- 5-, 6-, 7-, or 8-bit characters 
- Even, odd, or no-parity bit generation 
and detection 

- 1-, 1 1/2-, or 2-stop bit generation 
- baud rate generation (dc to 512K baud) 

• False start bit detector 

• Complete status reporting capabilities 

• Three-state TTL drive capabilities for 
bi-directional data bus and control bus 

• Line break generation and detection 

• Internal diagnostic capabilities 

1211190 

WD16C550 

- Loopback controls for communication 
link fault isolation 

• Break, parity, overrun, framing error simulation 

• Full prioritized interrupt system controls 

• Single +5 Volt power supply 

• CMOS implementation for high speed and low 
power requirements 

• Available in 40-Pin DIP and 44-Pin QUAD 
packages 

05 

06 

07 

RCLK 
SIN 
NC 

SOUT 
CSO 
CS1 
CS2 

BAUOOUT 

00 
01 

02 
03 

04 
05 

05 

07 
ROU< 

SIN 
0C1.lT 

CS) 
C51 

Csi 
iiiUoiiiT 

)(TALl 

)(TAL, 

rom; 
0CSlR 

"" 
olSTR 

--...:::....-----'-

FIGURE 1-1. 4O-PIN DIP 

I~ 100 I'" ~ 8 ~ c 8 ~ ~ Iii: a: l!l t; 

~ ~I§ § ~ ~I~ ~ 81~1~ ~ 0 0 0 0 ~ 

FIGURE 1-2. 44-PIN QUAD 

MR 
OUT1 
OTR 
RTS 
OUT2 
NC 
INTRPT 
RXROY 
AO 
A1 
A2 

3-1 



WD16C550 

1.3 GENERAL 

The WD16C550 is an enhanced programmable 
Asynchronous Communications Element (ACE) 
with FIFOs (hereafter referred to as ACE) fabricated 
in CMOS silicon gate technology. The WD16C550 
is fully compatible to the NS16550A. Upon 
powerup the WD16C550 is functionally identical to 
the WD 16C450 (Character Mode), and an alternate 
mode (FIFO Mode) can be activated through 
software to relieve the CPU of excessive interrupt 
overhead during high data rates. ' . 
(Refer to figure 1-1.) . 

In FIFO Mode, internal 16-byte FIFOs (with an 
additional 3 error data bits per byte in the receiver 
FIFO) are located on the transmitter and receiver 
lines. Two FIFO control pins have been added for 
signaling of DMA transfers. 

The ACE is a software-oriented device using a 
three-state, a-bit, bi-directional data bus. 

PAAAU.EL 10 
NTERFACE 

DATA 
BUS DATA BUS 

BUFFER 
ADDRESS 

SYSTEM BUS 
PROCESSOO 

CCM"ROI.. 
BUS 

A, 
A 

A2 
SELECT AND 
CCffiRCll 
lOO" 

MEMORY 

INTROPUCTlO,rv 

The ACE is used to convert parallel data to a serial 
format on the transmit side, and convert serial data 
to parallel on the receiver side. The serial format,in 
order of transmission and reception, is a start bit, 
followed by 5 to a data bits, a parity bit (if 
programmed) and 1-, 1 1/2- (5-bit format only), or 
2-stop bits (all but the 5-bit format). The maximum 
recommended data rate is 512K baud. 

Interni:lIregisters enable the user to program 
various· types of interrupts, MODEM controls, and 
character formats. The user can read the status of 
the ACE at any time, monitoring word conditions, 
interrupts and MODEM status. 

An additional feature of the ACE is a programmable 
baud rate generator capable of dividing a TTL signal 
clock bya divisor of 1 to (216 - 1). 

The ACE is designed to work in either a polling or 
interrupt driven system, whi,ch is programmable by 
user's software. 

L -l RECEIVER -} SECTION I DATA N 
TOFRaJ 

t PERA-IERAI.. 
MODEM a:I 

J TRANSMITlER I 
DATA SET 

SERIAL 
SECT~ I DATA a.rr 

~~~~Cll I MCOEM CONTROL 
FUNCTIONS 

AND STATUS J TOfRC».4 MOOEM 

I "Xl" OR OATA SET 

I NTERRUF'T I SYSTEM 
~~a.AND J NTEAAUF'T 

FIGURE 1-3~ WD16C550 GENERAL SYSTEM CONFIGURATION 
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AO 
A, 
A2 

i'iiiRW 
CSl 
CS1 
s;m 
ADS 

MA 

DISTR 

i5iSTR 
0C6TR 
iXiiffi 

OllIS 

TiOiiV 
XTAL' 
XTAL2 

SElfCT N'l) 
como. 
I.CGIC 

+rJI{ __ GNl __ 

NTER/AL 
DATAOJS 

~ ""1 ... --------
1 

FIGURE 1-4. WD16C550 BLOCK DIAGRAM 
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WD16C550 CHIP SELECTION AND REGISTER ADDRESSING 

2.0 CHIP SELECTION AND REGISTER ADDRESSING 

2.1 ADDRESS STROBE (ADS) 2.2 CHIP SELECT (CSO, CS1, CS2) 

When low, provides latching for register select (Aa, 
A 1, A2) and chip select (CSa, CS1 , CS2). (Refer to 
figure 1-2.) 

The definition of a chip selected is csa, CS1 both 
high and CS2 low. Chip selection is complete when 
latched by ADS or ADS is tied low. 

NOTE: 
The rising edge (i) of the ADS input is required 
when Register Select (Aa, A1, A2) and Chip 
Select (CSa, CS1, CS2) signals are not stable 
for the duration of a read or write operation. If 
ADS is required for latching, this input can be 
tied permanently low. 

2.3 REGISTER SELECT (AO, A1, A2) 

To select a register for read or write operation, see 
table 2-1. 

NOTE: 
Divisor Latch Access Bit (DLAB) is the MSB of the 
Line Control Register. DLAB must be programmed 
high (logic 1) by the system software to access the 
Baud Rate Generator Divisor Latches. 

DLAB A2 A1 AO REGISTER 

a a a a Receiver Buffer (read), Transmitter 
Holding Register (write) 

a a a 1 Interrupt Enable 

X 0 1 a Interrupt Identification (read only) 

X a 1 a FIFO Control (write only) 

X a 1 1 Line Control 

X 1 a a MODEM Control 

X 1 a 1 Line Status (read only) 

X 1 1 a MODEM Status 

X 1 1 1 Scratch Pad 

1 a a a Divisor Latch (least significant byte) 

1 a a 1 Divisor Latch (most significant byte) 

TABLE 2-1. REGISTER ADDRESSING 
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ACE OPERATIONAL DESCRIPTION WD16C550 

3.0 ACE OPERATIONAL DESCRIPTION 

3.1 MASTER RESET 3.2 ACE ACCESSIBLE REGISTERS 

A high-level input on this pin causes the ACE to The system programmer has access to any of the 
reset to the condition listed in table 3-1. registers as summarized in table 3-2. For individual 

register descriptions, refer to the following pages 
under register heading. 

REGISTER/SIGNAL RESET CONTROL RESET STATE 

Receiver Buffer Register First Word Received Data 

Transmitter Holding Register Writing into the Transmitter Hold-
ing Register 

Interrupt Enable Register Master Reset All Bits Low (0-3 forced and 4-7 
Permanent) 

Interrupt Identification Register Bit 0 is High, and Bits 1-3, 6 and 7 
are forced Low. Bits 4 and 5 are 
Permanently Low 

Line Control Register All Bits Low 

MODEM Control Register All Bits Low (0-3 forced and and 
4-7 Premanent) 

Line Status Register Bits 0-4 and 7 forced Low, Bits 5 
and 6 forced High 

MODEM Status Register Master Reset MODEM Signal In- Bits 0-3 Low, Bits 4-7 - Input Sig-
puts nal 

Divisor Latch (low order byte) Writing into the Latch Data 

Divisor Latch (high order byte) 

SOUT Master Reset High 

BAUDOUT Writing into either Divisor Latch Low 

DDIS DDIS = RCLK • DISTR (At Master High 
Reset, the CPU sets RCLK and 
DISTR low when device is 
selected.) 

INTRPT (RCVR ERRS) Master Reset/LSR Low 

INTRPT (RCVR DATA READY) Master Reset/Read RBR 

OUT 2 Master Reset High 

RTS 

DTR 

OUT 1 

RCVR FIFO MR or FCR1 • FCRO or ~FCRO All Bits Low 

XMITFIFO MR or FCR2 • FCRO or ~FCRO 

TABLE 3-1. RESET CONTROL OF REGISTERS AND PINOUT SIGNAL 
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WD16C550 ACE OPERA TlONAL DESCRIPTION 

REGISTER/SIGNAL RESET CONTROL RESET STATE 

FIFO CONTROL Master Reset All Bits Low (Bits 0-3, 7 forced 
Low; Bits 4 and 5 Permanently 
Low) 

D7 - DO Data Bus Lines In THREE-STATE Mode, Unless THREE-STATE 
DISTR = HIGH or DOSTR = HIGH Data (ACE to CPU) 
when device is selected Data (CPU to ACE) 

TABLE 3-1. RESET CONTROL OF REGISTERS AND PINOUT SIGNAL 

REGISTER ADDRESS 

o DLAB=O o DLAB=O 1 DLAB=O 2 2 3 

Bit Receiver Transmitter Interrupt Enable Interrupt FIFO Control Line Control 
No. Buffer Holding Register Identification Register Register 

Register Register Register (Write Only) 
(Read Only) (Write Only) (Read Only) . 

a Data Bit a Enable "0" if Interrupt FIFO Enable Word Length 
Received Data Pending (Write Only) Select Bit a 
Available Interrupt 10 Bit 0 (IP) (FEWO) (WLSO) 
(ERBFI) 

1 Data Bit 1 Enable Transmitter Interrupt Rcvr FIFO Word Length 
Holding Register 10 Bit1 Reset (RFR) Select Bit 1 
Empty Interrupt (II DBa) (WLS1) 
(ETBEI) 

2 Data Bit 2 Enable Receiver Interrupt Transmitter Number of 
Line Status ID Bit2 FIFO Reset Stop Bits 
Interrupt (ERLSI) (IIDB2) (TFR) (STB) 

3 Data Bit3 Enable MODEM Interrupt DMAMode Parity Enable 
Status Interrupt ID Bit 3 Select (PEN) 
(EDSSI) (IIDB3)" (DMS) 

4 Data Bit4 0 Reserved Even Parity 
Select (EPS) 

5 Data Bit 5 a StickParity 
(STP) 

6 Data Bit 6 0 FIFO RcvrFIFO Set Break 
Enabled" Trigger Level Control 
(READ ONLY) (LSB)(RTLSB) (SBR) 
(FERO) 

7 Data Bit 7 a FIFO Rcvr FIFO Divisor 
Enabled" Trigger Level Latch 
(READ ONLY) (MSB) Access Bit 
(FERO) (RTMSB) (DLAB) 

" These bits are 0 In Character Mode. 

TABLE 3-2. ACCESSIBLE WD16C550 REGISTERS 
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REGISTER ADDRESS 

4 5 6 7 o DLAB=1 1 DLAB=1 

Bit MODEM Line Status MODEM Status Scratch Pad Divisor Divisor 
No. Control Register Register Register Latch (LSB) Latch (MSB) 

Register 

0 Data Data Ready Delta Clear to Bit 0 BitS 
Terminal (DR) Send (DCTS) 
Ready (DTR) 

1 Request to Overrun Error Delta Data Set Bit 1 Bit 9 
Send (RTS) (OE) Ready (DDSR) 

2 Out 1 Parity Error Trailing Edge Ring Bit 2 Bit 10 
(PE) Indicator (TERI) 

3 Out 2 Framing Error Delta Receive Line Bit 3 Bit 11 
(FE) Signal Detect 

(DR!-SD) 

4 Loop Break Interrupt Clear to Send Bit 4 Bit 12 
(BI) (CTS) 

5 0 Transmitter Data Set Ready Bit 5 Bit 13 
Holding (DSR) 
Register Empty 
(THRE) 

6 Transmitter Ring Indicator (RI) Bit 6 Bit 14 
Empty (TEMT) 

7 Error in RCVR Received Line Sig~ Bit 7 Bit 15 
FIFO* (EIRF) nat Detect (RLSD) 

• These bits are 0 in Character Mode. 

TABLE 3·2. ACCESSIBLE WD16C550 REGISTERS (Continued) 
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3.3 LINE CONTROL REGISTER 

Bits 0 and 1: These two bits specify the number of 
bits in each transmitted or received serial character. 
The encoding of bits 0 and 1 are as follows: 

Bit 1 Bit 0 Word Length 

0 0 5 bits 

0 1 6 bits 

1 0 7 bits 

1 1 8 bits 

Bit 2: This bit'specifies the number of stop bits in 
each transmitted or received serial character. If bit 
2 is logic 0, 1 Stop bit is generated or checked in 
the transmit or receive data, respectively. If bit 2 is 
a logic 1 when a 5-bit word length is selected via 
bits 0 and 1, 1-1/2 Stop bits are generated or 
checked. If bit 2 is a logic 1 when either. a 6-,7-, or 
8-bit word length is selected, 2 Stop bits are 
generated or checked. 

Bit 3: This bit is the Parity Enable bit. When bit 3 
is a logic 1, a Parity bit is generated (Transmit data) 
or checked (Receive data) between the Jast data 
word bit and Stop bit of the serial data. (The Parity 
bit is used to produce an even or odd number of 1's 
when the data word bits and the Parity bit are 
summed.) 

Bit 4: This bit is the Even Parity Select bit. When 
bit 3 is a logic 1 and bit 4 is a logic 0, an odd number 
of logic 1's is transmitted or checked in the data 
word bits and Parity bit. When bit 3 is a logic 1 and 
bit 4 is a logic 1, an even number of bits is trans
mitted or checked. 

Bit 5: This bit is the Stick Parity bit. When bit 3 is 
a logic 1 and bit 5 is a logic 1, the Parity bit is 
transmitted and then detected by the receiver in the 
opposite state indicated by bit 4. 

ACE OPERATIONAL DESCRIPTION 

Bit 6: This bit is the Set Break Control bit. When 
bit 6 is a logic 1, the serial output (SOUT) is forced 
to the Spacing (logic 0) state and remains there 
(until reset by a low-level bit 6) regardless of other 
transmitter activity. This feature enables the CPU 
to alert a terminal in a computer communications 
system. . 

Bit 7: This bit is the Divisor Latch Access Bit 
(DLAB). It must be set high (logic 1) to access the 
Divisor Latches of the Baud Rate Generator during 
a Read or Write operation. It must be set low (logic 
0) to access the. Receiver Buffer, the Transmitter 
Holding Register, or the Interrupt Enable Register: 

3.4 ACE PROGRAMMABLE BAUD RATE 
GENERATOR 

The ACE contains a programmable Baud Rate 
Generator capable of taking any clock input (dc to 
8.0 MHz) and dividing it by any divisor from 1 to (216 

- 1). The output frequency of the Baud Generator 
is 16X the baud rate. Two 8-bit latches store the 
divisor in a 16-bit binary format. These Divisor 
Latches must be loaded during initialization in order 
to insure desired operation of the Baud Rate Gen
erator. Upon loading either of the Divisor Latches, 
a 16-bit Baud counter is immediately loaded. This 
prevents long counts on initial load. 

Tables 3-3, 3-4, and 3-5 illustrate the use of the 
Baud Generator with three different driving frequen
cies. One is referenced to a 1.8432 MHz clock. 
Another is a 3.072 MHz clock. The third is an 8.0 
MHz clock. 

NOTE: 
The maximum operating frequency of the Baud 
Generator is 8.0 MHz. 

In no case should the data rate be greater than 
512K baud. 

See Crystal Specifications. 
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Desired Divisor Used Percent Error 
Baud to Generate Difference Between 
Rate 16X Clock Desired and Actual 

50 2304 --
75 1536 --
110 1047 0.026 

134.5 857 0.058 
150 768 --
300 384 --
600 192 --
1200 96 --
1800 64 --
2000 58 0.690 
2400 48 --
3600 32 --
4800 24 --
7200 16 --
9600 12 --
19200 6 --
38400 3 -" 
56000 2* 2.860 

TABLE 3-3. BAUD RATES USING 1.8432 MHz CLOCK 

Desired Divisor Used Percent Error 
Baud to Generate Difference Between 
Rate 16X Clock Desired and Actual 

50 3840 --
75 2560 --
110 1745 0.026 

134.5 1428 0.034 
150 1280 --
300 640 --
600 320 --
1200 160 --
1800 107 --
2000 96 --
2400 80 --
3600 53 0.628 
4800 40 --
7200 27 1.230 
9600 20 --
19200 10 --
38400 5 --
5600 3* 14.285 

TABLE 3-4. BAUD RATE USING 3.072 MHz CLOCK 

* Smallest allowable divisor when using corresponding clock. 
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WD16C550 ACE OPERATIONAL DESCRIPTION 

Desired Divisor Used Percent Error 
Baud to Generate Difference Between 
Rate 16XCIock Desired and Actual 

50 10000 --
75 6667 0.005 
110 4545 0.010 

134.5 3717 0.013 
150 3333 0.010 
300 1667 0.020 
600 833 0.040 
1200 417 0.080 
1800 277 0.080 
2000 250 --
2400 208 0.160 
3600 139 0.080 
4800 104 0.160 
7200 69 0.644 
9600 52 0.160 
19200 26 0.160 
38400 13 0.160 
56000 9 0.790 
128000 4 2.344 
256000 2 2.344 
512000 1* 2.344 

TABLE 3-5. BAUD RATE USING 8.0 MHz CLOCK 
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ACE OPERATIONAL DESCRIPTION 

3.5 LINE STATUS REGISTER 

This 8-bit read only register provides status infor
mation to the CPU concerning the data transfer. Its 
contents are indicated in table 3-2 and are 
described below. 

Bit 0: This bit is the Receiver Data Ready (DR) 
indicator. Bit 0 is set to a logic 1 whenever a 
complete incoming character has been received 
and transferred into the Receiver Buffer Register, 
or to the RCVR FIFO (when in FIFO Mode). Bit 0 
will be reset to a logic 0 either by the CPU reading 
the data in the Receiver Buffer Register (for Char
acter Mode) or by writing a logic 0 into it from the 
CPU. 

In FIFO Mode, Receiver Data Ready is set when 
the receiver shift register is loaded into the FIFO 
and reset when the receiver FIFO is empty. 

Bit 1: This bit is the Overrun Error (OE) indicator. 
Bit 1 indicates that data in the Receiver Buffer 
Register was not read by the CPU before the next 
character was transferred into the Receiver Buffer 
Register, thereby destroying the previous charac
ter. The OE indicator is reset whenever the CPU 
reads the contents of the Line Status Register. 

When in FIFO Mode, an OE occurs after the RCVR 
FIFO is full and the receiver shift register has com
pletely received the next character. An OE is indi
cated to the CPU as soon as it happens. The 
character in the shift register will be written over, but 
nothing will be transferred to the FIFO. 

Bit 2: This bit is the Parity Error (PE) indicator. Bit 
2 indicates that the received data character does 
not have the correct even or odd parity, as selected 
by the even-parity-select bit. The PE bit is set to a 
logic 1 upon detection of a parity error and is reset 
to logic 0 whenever the CPU reads the contents of 
the Line Status Register. 

When in FI FO Mode a parity error is associated with 
a particular character in the FIFO, and revealed to 
the CPU when the associated character is in the top 
of the FIFO. 

Bit 3: This bit is the Framing Error (FE) indicator. 
Bit 3 indicates that the received character did not 

WD16C550', 

have a valid Stop Bit. Bit 3 is set to a logic 1 
whenever the Stop Bit following the last data bit or 
parity bit is detected as a zero bit (Spacing Level). 

When in FIFO Mode, an FE is associated with a 
particular character in the FI FO, and revealed to the' 
CPU when the associated character is in the top of " 
the FIFO. 

Bit 4: This bit is the Break Interrupt (BI) indicator. : 
Bit 4 is set to a logic 1 whenever the received data : 
input is held in the Spacing (Logic 0) state for longer , 
than a full word transmission time (that is, the total;: 
time of Start Bit + data bits + Parity + Stop Bits). 

When in FIFO Mode, BI is associated to the par
ticular character in the FIFO, and this bit is set when: 
the associated character is in the top of the FIFO. 

NOTE: 
Bits 1 through 4 are the error conditions that., 
produce a Receiver Line Status interrupt whenever 
any of the corresponding conditions are detected 
and Receiver Line Status interrupt is enabled. ; 

Bit 5: This bit is the Transmitter Holding Register '" 
Empty (THRE) indicator. Bit 5 indicates that the' 
ACE is ready to accept a new character for trans- ' 
mission. In addition, this bit causes the ACE to;' 
issue an interrupt to the CPU when the Transmit; 
Holding Register Empty Interrupt enable is set high. 
The THRE bit is set to a logic 1 when a character is ' 
transferred from the Transmitter Holding Register " 
into the Transmitter Shift Register. The bit is reset, 
to logic 0 concurrently with the loading of the Trans
mitter Holding Register by the CPU. 

When in the FIFO Mode, this bit will be set when 
the XMIT FIFO is empty, and cleared after at least 
one character is written into the XMIT FIFO. 

Bit 6: This bit is the Transmitter Empty (TEMT) 
indicator and is a read-only bit. Bit 6 is set to a logic 
1 when both transmitter registers (Transmitter Hold- ' 
ing Register and Transmitter Shift Register) are idle 
(empty). It is reset to a logic 0 upon loading of data 
into the Transmitter Holding Register. 
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In FIFO Mode, this bit is set when the XMIT FIFO 
is empty. It is cleared when at least one byte is 
written into the XMIT FIFO. 

Bit 7: This bit (LSR7) is 0 when in Character Mode. 
When in FIFO Mode, this bit is a one if there is at 
least one parity error, framing error or break indica
tion in the FIFO. LSR7 is cleared when this register 
is read as long as there are no addition errors in the 
FIFO. 

3.6 INTERRUPT IDENTIFICATION 
REGISTER 

The ACE has an interrupt capability that allows for 
complete flexibility in interfacing to all popular 
microprocessors presently available. In order to 
provide minimum software overhead during data 
character transfers, the ACE prioritizes interrupts 
into four levels. The four levels of interrupt con
ditions are as follows: Receiver Line Status (priority 
1); Received Data Ready (priority 2); Transmitter 
Holding Register Empty (priority 3); and MODEM 
Status (priority 4). 

Information indicating that a prioritized interrupt is 
pending and source of that interrupt is stored in the 
Interrupt Identification Register (refer to table 3-2) 

ACE OPERA TlONAL DESCRIPTION 

This register (IIR), when addressed during chip
select time, freezes the highest priority interrupt 
pending and no other interrupts are acknowledged 
until the particular interrupt is serviced by the CPU. 
Its contents are indicated in table 3-6 and are 
described below. 

Bit 0: This bit can be used in either a hardwired 
prioritized or polled environment to indicate 
whether an interrupt is pending. When bit 0 is a 
logic 0, an interrupt is pending and the IIR contents 
may be used as a pointer to the appropriate inter
rupt service routine. When bit 0 is a logic 1, no 
interrupt is pending and polling (if used) continues. 

Bits 1 through 3: These three bits are used to 
identify the highest prioritiy interrupt pending (see 
table 3-6). 

Bits 4 and 5: These bits are always logic o. 
Bits 6 and 7: These bits, when set, indicate that the 
device is in FIFO Mode (FCRO =1). 
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INTERRUPT IDENTIFICATION REGISTER INTERRUPT SET AND RESET FUNCTIONS 

BIT 3 BIT2 BIT1 BITO PRIORITY INTERRUPT INTERRUPT INTERRUPT 
LEVEL FLAG SOURCE RESET 

CONTROL 

0 0 0 1 -- None None --

0 1 1 0 Highest Receiver Line Overrun Error or Reading the Line 
Status Parity Error or Status Register 

Framing Error or 
Break Interrupt 

0 1 0 Second Received Receiver Data Reading the 
Data Available Available Receiver Buffer 

Register 

1 1 0 0 Second Character No Characters Reading the 
Timeout have been input Receiver Buffer 
Identification or removed from Register 

RCVR FIFO 
during the last 4 
character times, 
and at least one 
character oc-
cupies it during 
this time. 

0 0 1 0 Third Transmitter Transmitter Hold- Reading the IIR 
Holding ing Register Register (if 
Register Empty source of inter-
Empty rupt) or Writing 

into the Transmit-
ter Holding 
Register 

0 0 0 0 Fourth MODEM Clear to Send or Reading the 
Status Data Set or Ring MODEM Status 

Indicator or Register 
Received Line 
Signal Detect 

TABLE 3-6. INTERRUPT CONTROL FUNCTIONS 
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3.7 INTERRUPT ENABLE REGISTER 

This 8-bit register enables the four interrupt sources 
of the ACE to separately activate the chip Interrupt 
(INTRPT) output signal. Its contents are indicated 
in table 3-2 and are described below. It is possible 
to totally disable the interrupt system by resetting 
bits 0 through 3 of the Interrupt Enable Register. 
Similarly, by setting the appropriate bits of this 
register to a logic 1, selected interrupts can be 
enabled. Disabling the interrupt system inhibits the 
Interrupt Identification Register and the active 
(high) INTRPT output from the device. All other 
system functions operate in their normal manner, 
including the setting of the Line Status and MODEM 
Status Registers. 

Bit 0: This bit enables the Received Data Available 
Interrupt when set to logic 1. 

Bit 1: This bit enables the Transmitter Holding 
Register Empty Interrupt when set to logic 1. 

Bit 2: This bit enables the Receiver Line Status 
Interrupt when set to logic 1. 

Bit 3: This bit enables the MODEM Status Interrupt 
when set to logic 1. 

Bits 4 through 7: These four bits are always 
10gicO. 

3.8 SCRATCH PAD REGISTER 

This 8-bit register does not control or report status 
on any part of the WD16C550. It is a read/write 
register that can be used by the programmer as a 
general purpose register. 

ACE OPERATIONAL DESCRIPTION 

3.9 FIFO CONTROL REGISTER 

This write only register is located at the same 
address as the IIR (read only). This register is used 
to enable FIFO Mode, clear FIFOs, set the RCVR 
FIFO trigger levels, and select the mode of DMA 
signaling. . 

Bit 0: Writing a one to this bit enables the XMIT and 
RCVR FIFOs. When changing from Character 
Mode to FIFO Mode and vice versa, data in the 
FIFOs does not automatically clear. Resetting 
FCRO will clear all characters from both FIFOs. The 
FIFOs should be cleared before changing modes. 
This bit must be a 1 before writing to other FCR bits 
or they will not be programmed. 

Bit 1: Writing a 1 to FCR1 will clear all bytes from 
RCVR FIFO and reset its counters to 0, and then 
self clear this bit to o. The shift register is not 
cleared. 

Bit 2: Functions the same as bit 1, but for XMIT 
FIFO. 

Bit 3: If FCRO = 1, setting FCR3 to a 1 will cause 
the RXRDY and TXRDY pins to change from Mode 
o to Mode 1 (see pin description of RXRDY and 
TXRDY). 

Bits 4 and 5: Reserved for future use. 

Bits 6 and 7: These bits control the trigger level of 
the RCVR FIFO interrupt. 

7 6 RCVR FIFO TRIGGER 
LEVEL (BYTES) 

0 0 01 

0 1 04 

1 0 08 

1 1 14 
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4.0 MODEM CONTROL REGISTER 

This 8-bit register controls the interface either with 
the MODEM or data set (or a peripheral device 
emulating a MODEM). The contents of the 
MODEM Control Register are indicated in table 
3-2. 

Bit 0: This bit controls the Data Terminal Ready 
(DTR) output. When bit 0 is set to a logic 1 , the DTR 
output is forced to a logic O. When bit 0 is reset to 
a logic 0, the DTR output is forced to a logic 1. 

NOTE: 
The DTR output of the ACE may be applied to an 
EIA inverting line driver (such as the DS1488) to 
obtain the proper polarity input at the succeeding 
MODEM or data set. 

Bit 1: This bit controls the ReCluest to Send (RTS) 
output. Bit 1 affects the RTS output in a manner 
identical to that described above for bit o. 

Bit 2: This bit controls the Output 1 (OUT 1) signal, 
which is an auxiliary user-designated output. Bit 2 
affects the OUT 1 output in a manner identical to 
that described above for bit o. 

Bit 3: This bit controls the Output 2 (OUT 2) signal, 
which is an auxilliary user-designated output. Bit 3 
affects the OUT 2 output in a manner identical to 
that described above for bit o. 

WD16C550 

Bit 4: This bit provides a loopback feature for 
diagnostic testing of the ACE. When bit 4 is set to 
logic 1, the following occur: the transmitter Serial 
Output (SOUT) is set to a logic 1 (high) state; the 
receiver Serial Input (SIN) is disconnected; the 
output of the Transmitter Shift Register is "looped 
back" into the Receiver Shift Register input; the four 
MODEM Control Inputs (CTS, DSR, RLSD, and RI) 
are disconnected; and the four MODEM Control 
outputs (RTS, DTR, OUT2, OUT1) are internally 
connected to the four MODEM Control inputs. In 
the diagnostic mode, data that is transmitted is 
immediately received. This feature allows the 
processor to verify the transmit- and receive-data 
paths of the ACE. 

In the diagnostic mode, the receiver and transmitter 
interrupts are fully operational. The MODEM Con
trollnterrupts are also operational butthe interrupts' 
sources are now the lower four bits of the MODEM 
Control Register instead of the four MODEM Con
trol inputs. The interrupts are still controlled by the 
Interrupt Enable Register. 

The ACE MODEM interrupt system can be tested 
by writing into the lower four bits of the MODEM 
Status Register. To return to this operation, the 
registers must be reprogrammed for normal opera
tion and then bit 4 must be reset to a logic O. 

Bits 5 through 7: These bits are permanently set to 
a logic O. 
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5.0 MODEM STATUS REGISTER 

This 8-bit register provides the current state of the 
control lines from the MODEM (or peripheral 
device) to the CPU. In addition to this current-state 
information, four bits of the MODEM Status 
Register provide change information. These bits 
are set to a logic 1 whenever a control input from 
the MODEM changes state. They are reset to logic 
o whenever the CPU reads the MODEM Status 
Register. 

The contents of the MODEM Status Register are 
indicated in table 3-2 and are described below. 

Bit 0: This bit is the Delta Clear to Send (DCTS) 
indicator. Bit 0 indicates that the CTS input to the 
device has changed state since the last time it was 
read by the CPU. 

Bit 1: This bit is the Delta Data Set Ready (DDSR) 
indicator. Bit 1 indicates that the DSR input to the 
device has changed since the last time it was read 
by the CPU. 

Bit 2: This bit is the Trailing Edge of RingJ.ndicator 
(TERI) detector. Bit 2 indicates that the RI input to 
the device has changed from an On (logic 1) to an 
Off (logic 0) condition. 

Bit 3: This bit is the Delta Received Line Signal 
Detector (DRLSD) indicator. Bit 3 indicates that the 
RLSD input to the device has changed state. 

NOTE: 
Whenever bit 0,1,2, or 3 is set to logic 1, 
a MODEM Status Interrupt is generated. 

Bit 4: This bit is the complement of the Clear to 
Send (CTS) input. This bit becomes equivalent to 
RTS of the MODEM Control Register, if Bit 4 of the 
MODEM Control Register is set to 1. 

Bit 5: This bit is the complement of the Data Set 
Ready (DSR) input. This bit becomes equivalent to 
DTR of the MODEM Control Register, if Bit 4 of the 
MODEM Control Register is set to 1. 

Bit 6: This bit is the complement of the Ring In
dicator (RI) input. This bit becomes equivalent to 
OUT1 of the MODEM Control Register, if Bit 4 of 
the MODEM Control Register is set to 1. 

MODEM STATUS REGISTER 

Bit 7: This bit is the complement of the Received 
Line Signal Detect (RLSD) input. This bit becomes 
equivalent to OUT2 of the MODEM Control 
Register, if Bit 4 of the MODEM Control Register is 
set to 1. 

FIFO OPERATION NOTES 

FIFO Interrupt Mode Operation Notes: 

When FCRO=1 and IERO=1 the following RCVR 
interrupts will occur: 

1. A FIFO timeout interriJpt will occur if the follow
ing is true: 

a. There is at least one byte in the RCVR FIFO. 

b. No character has been received in 4 
continuous character times (if 2 stop bits 
are being used the second one is included 
in this time delay). 

c. The most recent CPU read from the FIFO has 
exceeded 4 continuous character times. 

The timeout counter uses RCLK for an input to 
calculate character times; therefore, this 
delay is proportional to the baud rate. After a 
timeout interrupt, the interrupt is cleared and 
the timer is reset when the CPU reads a char
acter from the RCVR FIFO. 

2. When the RCVR FIFO reaches its programmed 
trigger level the receive data interrupt is set. 
This interrupt is cleared as soon as the FIFO 
level falls below the trigger level. 

FIFO Polling Mode Operation Notes: 

This mode is initialized when FCRO=1 and IERO, 
IER1, IER2, and IER3 are all o. In polling mode the 
user must poll the LSR to check the transmitter and 
receiver status. Since the receiver and transmitter 
are controlled separately either one or both can be 
in polling mode. 

There is no trigger level reached or timeout condi
tion indicated in the FIFO Polling Mode, however, 
the RCVR and XMIT FIFOs are still fully capable of 
holding characters. 
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6.0 TYPICAL APPLICATIONS 

Figures 6-1 and 6-2 show how to use the ACE device in an 80286 system and in a microcomputer system 
with a high-capacity data bus. 

ss 

OCOMPUTER MICR 
SYST EM 

lOW 

DATA BUS 

8-BITBUS 
TRANSCEIVER 

RECEIVER DISABLE 

DOSTR 

ACE 

f' 
DATA BUS 

07· DO 

"~ 

DDiS 

DRIVER DISABLE 

FIGURE 6-1. TYPICAL INTERFACE FOR A HIGH-CAPACITY DATA BUS 
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7.0 CRYSTAL MANUFACTURERS 

American Time Products Division 
Frequency Control Products, Inc. 
Woodside, New York 11377 

Bliley Electric Company 
Erie, Pennsylvania 16508 

Cryster Crystals 
Whitby, Ontario 

Erie Frequency Control 
Carlisle, Pennsylvania 17013 

a-Matic Corporation 
Costa Mesa, California 92626 

CRYSTAL SPECIFICATIONS 

Frequency: 1.8432 MHz, 3.072 MHz, and 8.0 MHz. 
Type: Microprocessor Crystal 

Temperature Range: 0'C(32°F) to + 70'C(158°F) 

Series Resistance: 200 Ohms to 500 Ohms 

Series Resonant 

(1.8432 MHz) 

100 Ohms to 200 Ohms 
(3.072 MHz) 

20 Ohms to 40 Ohms 
(8.0 MHz) 

Overall Tolerance: ±0.01% 
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* See Crystal Specifications 
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APPENDIX A 

A.O PIN DESIGNATIONS 

Figures A-1 and A-2 illustrate the 40-pin DIP and 44-pin QUAD assemblies. Table A-1 lists all pin 
designations. 
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FIGURE A-1. WD16C550 40-PIN DIP 
ASSEMBLY PIN DESIGNATIONS 
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PIN DESIGNATIONS WD16C550 

PIN MNEMONIC DESCRIPTION 
DIP QUAD 

1-8 2-9 DO - 07 Data Bus 
3-state, bidirectional communication lines between the ACE and 
Data bus. All prepared TX and assembled REC data, Control 
characters, and Status information are transferred via the data 
(00-07). 

9 1-10 NC No Connection 
No connection. 

10 11 RCLK Receive Clock 
This input is the 16X baud rate clock for the receiver section of the 
chip. May be tied to BAUDOUT (pin 15 for DIP package and/or pin 
17 for QUAD package). 

10 11 SIN Serial Input 
Received Serial Data In from the communications link (peripheral 
device, modem or data set). 

- 12 NC No Connection 
No connection. 

11 13 SOUT Serial Output 
Transmitted Serial Data Out to the communication link. The SOUT 
signal is set to a (logic 1) marking condition upon a MASTER 
RESET. 

12 14 CSO Chip Select 
When CSO and CS1 are high, and CS2 is low, chip is selected. 
Selection is complete when the address strobe ADS latches the chip 
select signals. 

13 15 CS1 Chip Select 1 
Same as CSO. 

14 16 CS2 Chip Select 2 
Same as CSO. 

15 17 BAUDOUT BAUDOUT 
16X clock signal for the transmitter section of the ACE. The clock 
rate is equal to the oscillator frequency divided by the vidisor loaded 
into the divisor latches. The BAUDOUT signal may be used to clock 
the receiver by tying to RCLK (pin 9 for DIP package and/or pin 10 
for QUAD package). 

TABLE A-1. SIGNAL DESCRIPTION 
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PIN MNEMONIC DESCRIPTION 
DIP QUAD 

16 18 XTAL1 External Clock In 
These pins connect the crystal or signal clock to the ACE baud rate 
divisor circuit. See Figure 7-1 and 7-2 for circuit connection 
diagrams. 

17 19 XTAL2 External Clock Out 
Same as XTAL 1. 

18 20 DOSTR Data Out Strobe 
When the chip has been selected, a low DOSTR or high DOSTR 
will latch into the selected WD16C550 register (a CPU write). Only 
one of these lines need be used. Tie unused lineto its inactive state, 
DOSTR - high or DOSTR - low. 

19 21 DOSTR Data Out Strobe 
Same as DOSTR. 

20 22 Vxx Ground 
System siQnal Qround. 

- 23 NC No Connection 
No connection. 

21 24 DISTR Data In Strobe --
When chip has been selected, a low DISTR or high DISTR will allow 
a read of the selected WD16C550 register (a CPU read). Only one 
of these lines need be used. Tie unused line to its inactive state, 
DISTR - hiQh or DISTR - low. 

22 25 DISTR Data In Strobe 
Same as DISTR. 

23 26 DDIS Driver Disable 
Output goes low whenever data is being read from the ACE. Can 
be used to reverse data direction of external transceiver. 

24 27 TXRDY Transmit Ready 
TXRDY output is used to DMA transfers. Two modes of operation 
are available when using FIFO mode, and one (Mode 0) is available 
when using character mode. 

Mode 0 (FCRO=O or FCRO=1 and FCR3=0): DMA transfers are 
interleaved between bus cycles. In character mode with FCR3=0, 
TXRDY will be active (low) if there are no characters in the XMIT 

. FIFO (FIFO mode) or Xmit Holding Register (CHAR mode). TXRDY 
will go inactive after the first character is loaded. 

TABLE A-1. SIGNAL DESCRIPTION (Continued) 

3-22 12/1/90 



PIN DESIGNA TlONS WD16C550 

PIN MNEMONIC DESCRIPTION 
DIP QUAD 

Mode 1 : Multiple DMA bursts are made until TXMT is empty or XMIT 
is full. In FIFO mode (FCR=1) with FCR3=1, if there is at least one 
unfilled position in the Xmit FIFO, TXRDY will be active (low). 
TXRDY will go inactive after the first character is loaded into the 
XmitFIFO. 

25 28 ADS Address Strobe 
When low, provides latching for Register Select (AO,A 1 ,A2) and 
Chip Select (CSO,CS1 ,CS2). Note: The rising edge (i) of the ADS 
signal is required when the Register Select (AO,A 1 ,A2) and the Chip 
Select (CSO,CS1 ,CS2) signals are not stable for the duration of a 
read or write operation. If not required, the ADS input can be tied 
permanently low. 

26 29 A2 Register Select A2 
27 30 Ai Register Select A 1 
28 31 AO Register Select AD 

These three inputs are used to select an internal register of the ACE 
during a read or a write. See Table 2-1. 

29 32 RXRDY Receiver Ready 
Receiver Ready output is used to signal DMA transfers. Two modes 
of operation are available when using FIFO mode, and one mode 
(Mode 0) is available when using Character Mode. 

Mode 0: DMA transfers are interleaved between bus cycles. When 
in Character Mode (FCRO=O) or in the FIFO mode (FCRO=1), with 
FCR3 = 0, and there is at least 1 character in the Rcvr FIFO Register 
or Rcvr Holding Register, the RXRDY will be active (low). It will go 
inactive when the Rcvr FIFO (FIFO Mode) or Holding Register 
(Character Mode) is empty. 

Mode 1: Multiple DMA bursts are made until RCVR FIFO is empty 
or XMIT FIFO is full. In FIFO Mode (FCRO=1) and FCR3=1, will go 
active (low) when the trigger level or time out has been reached. 
RXRDY becomes inactive (high) when the FIFO is empty. 

TABLE A-1. SIGNAL DESCRIPTION (Continued) 
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PIN MNEMONIC DESCRIPTION 
DIP QUAD 

30 33 INTRPT Interrupt 
Output goes hiQh whenever an enabled interrupt is pending. 

- 34 NC No Connection 
No connection. 

31 35 Out2 Output 2 
User-designated output that can be programmed by Bit 3 of the 
Modem Control ReQister (Out2 goes low when Bit 3=1). 

32 36 RTS Request to Send 
Output when low informs the modem or data set that the ACE is 
ready to transmit data. See Modem Control Register. 

33 37 DTR Data Terminal Ready 
Output when low informs the modem or data set that the ACE is 
ready to receive data. 

34 38 Out1 Output 1 
User-designated output that can be programmed by Bit 2 of Modem 
Control Register (Out1 goes low when Bit 2=1). 

35 39 MR Master Reset 
When high, clears the registers to the states as indicated in Table 
3-1. 

36 40 CTS Clear to Send 
Input from DCE indicating remote device is ready to transmit data. 
See Modem Status Register. 

37 41 DSR Data Set Ready 
Input from DCE used to indicate the status of the local data set. See 
Modem Status Register. 

38 42 RLSD Receiver Line Signal Detect 
Input from DCE indicating that it is receiving a signal which meets 
its signal quality conditions. See Modem Status Register. 

39 43 RI Ring Indicator 
Input when low indicates that a ringing signal is being received by 
the modem or data set. See Modem Status Register. 

40 44 Vcc +5V 
+5 Volt supply. 

TABLE A-1. SIGNAL DESCRIPTION (Continued) 
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APPENDIX 8 

8.0 DC OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 

Temperature 
Under Bias .................................. O"C (32"F) to 70"C (1S8"F) 

Storage Temperature 
Ceramic ................................. -6S"C (-8S"F) to + 1S0"C (302"F) 
Plastic .................................. -SO"C (-S8"F) to +12S"C (2STF) 

All Input or Output Voltages 
with respect to Vss ........................ -O.SV to +7.0V 

Power Dissipation WD16CSSO ................. .40mW 

WD16C550 

Absolute maximum ratings indicate limits beyond which permanent damage may occur. Continuous 
operation at these limits is not intended; operation should be limited to those conditions specified under 
DC Operating Characteristics 
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WD16C550 TEST 
SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

Vii x Clock Input Low 
Voltage 

-0.5 0.8 V 

Vih x Clock Input High 
Voltage 

0.2 Vcc V 

Vii Input Low Voltage -0.5 0.8 V 

Vih Input High Voltage 2.0 Vcc V 

Vol Output Low Voltage 0.4 V 101 = 1.6mA on 
all outputs 

Voh Output High Voltage 2.4 V loh = -1 001lA 

Icc ~AV) Average Power 8 rnA Vcc = 5.25V Ta = 25"C. 
upply Current ~~~v~I~gads on SIN, 

(Vcc) , ,CTS'. 
RI = 2.0V. All other 
inputs = 0.8V. Baud 
rate generator at 8 MHz. 
Bau rate at 512K. 

iii I nput Leakage ±15 uA Vcc = 5.25V. Vss = OV. 
All other pins floating. 

Icl Clock Leakage ±10 uA Vin = OV, 5.25V 

Idl Data Bus Leakage ±10 uA Vout = O.OV Vout = 5.25\ 
Data Bus is at High-
Impedance State 

Vilmr MR Schmitt Vii 0.8 V 

Vihmr MR Schmitt Vih 2.0 V 

TABLE B-1. DC OPERATING CHARACTERISTICS 
Ta = O"C (32"F) to +70"C (158"F), Vcc = +5V ± 5%, Vss = OV, Unless Otherwise Specified. 

SYMBOL 

Cxin 

Cxout 

Cin 

Cout 

3-26 

WD16C550 
CHARACTERISTIC TYP MAX UNITS 

Clock Input 
Capacitance 

15 20 pF 

Clock Output 
Capacitance 

20 30 pF 

Input Capacitance 6 10 pF 

Output Capacitance 10 20 pF 

TABLE B-2. CAPACITANCE 
Ta = 25"C (n"F), f = 1.0 MHz, Vcc = Vss = OV 

12/1/90 

TEST 
CONDITIONS 

fc = 1 MHz 

Unmeasured Pins 
Returned to Vss 

Unmeasured Pins 
Returned to Vss 



AC OPERA TlNG CHARACTERISTICS AND TIMING DIAGRAMS WD16C550 

APPENDIXC 

C.O AC OPERATING CHARACTERISTICS AND TIMING DIAGRAMS 

C.1 TIMING DIAGRAMS 

FIGURE NUMBER 

C-1 

C-2 

C-3 

C-4 

C-5 

C-6 

C-7 

C-8 

C-9 

C-10 

C-11 

C-12 

TITLE 

Baud Rate Generator Timing 

Receiver Timing 

Transmitter Timing 

MODEM Control Timing 

Read Cycle Timing 

Write Cycle Timing 

RCVR FIFO Signaling Timing for First Byte 

RCVR FIFO Signaling Timing after First Byte (RBR already set) 

Receiver DMA Mode 0 Timing (FCRO = 0 or FCRO = 1 and 
FCR3 = 0) 

Receiver DMA Mode 1 Timing (FCRO = 1 and FCR3 = 1) 

Transmitter DMA Mode 0 Timing (FCRO = 0 or FCRO = 1 and 
FCR3 = 0) 

Transmitter DMA Mode 1 (FCRO = 1 and FCR3 = 1 ) 

TABLE C-1. WD16C550 TIMING DIAGRAMS 
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B'\IJDOJT 
(+1) 

SYMBOL 

N 

tBLD 

tBHD 

tLW 

tHW 

3-28 
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JooII ... I----- N----1 ... 1O-l1 

FIGURE C-1. BAUD RATE GENERATOR TIMING 

WD16C550 TEST 
CHARACTERISTIC MIN MAX UNITS CONDITIONS 

Baud Rate Divisor (2 16 - 1) 

Baud Output Negative 100 nsec 100pF Load 
Edge Delay 

Baud Output Positive 100 nsec 100pF Load 
Edge Delay 

Baud Output Low Time 32 nsec 100pF Load 
(tx = 8. 0 MHz+1) 

Baud Output High Time 30 nsec 100pF Load 
(tx = 8. 0 MHz+1) 

TABLE C-2. BAUD RATE GENERATOR TIMING 

1211190 
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SYMBOL 

tSCD 

tSINT 

tRINT 

RCLK 

1 ....... ----- 8 ClKS :::I I-<l!-- tSCD 
SOMPlE CLK ----U 

SIN (RECEIVER 
INFUT DATAl ~ srART ;-::.. S5 ~ srART r--

\. ;ooAS~/ : \.-./ 

SOMPlE CLK I I I 55-

~ \..a-t SINT 

INTERRUPT 

DlsrfWlsrR 1 
(R~ REC DATA 
aJFFER) 

r ss"-
_______ ---J =:ItRINT f.-

\-
NOTE: 

See REW Cycle Tmrg 

FIGURE C-2. RECEIVER TIMING 

WD16C550 TEST 
CHARACTERISTIC MIN MAX UNITS CONDITIONS 

Delay from RCLK to 2 flsec 
Sample Time 

Delay from l' RCLK 100pF Load 
Stop to Set Interrupt Cycles 

Delay from 0.250 flsec 100pF Load 
DIST/DISTR 
(RD RBR) Reset 
Interrupt 

TABLE C-3. RECEIVER TIMING 

WD16C550 

• When receiving the first byte in FIFO mode tSINT (only for timeout or trigger level interrupt) will be 
delayed 3 RCLK cycles, except for a timeout interrupt where tSINT will be delayed 8 RCLK cycles. 
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SERIAL OJT 
(IDIT) 

INTmRUPT (IHRE) 

1 
DCSTRIDCSTR 

twR 1HA) 

DiSiiiioISTR 2 
(AD IIR) 

NOTES: 

1 See Wrile C~ Tmrg 
2~RQ=ri~Tmim 

SYMBOL 

tHR 

tlRS 

tSI 

tSTI 

tlR 

tSXA 

tWXI 
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FIGURE C-3. TRANSMITTER TIMING 

WD16C550 TEST 
CHARACTERISTIC MIN MAX UNITS CONDITIONS 

Delay from DOSTRI 0.175 Ilsec 100pF Load 
DOSTR (WR THR) to 
Reset Interrupt 

Delay from Initial 8 24 BAUDOUT 
INTR Reset to Cycles 
Transmit Start 

Delay from Initial 16 24 BAUDOUT 
Write to Interrupt Cycles 

Delay from Stop to 8 8 BAUDOUT 
Interrupt (THRE) Cycles 

Delay from DISTRI 0.250 Ilsec 100pF Load 
DISTR (RD IIR to 
Reset Interrupt (THRE) 

Delay from Start to 0 8 BAUDOUT 
TXRDY Active Cycles 

Delay from Write to 0 0.195 Ilsec 
TXRDY Inactive 

TABLE C-4. TRANSMITTER TIMING 
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~' =t=,"OO~'----------'~'"OO~'--------
RTS, DTR, ~ - y 

OVrl, 0UT2 "" / 

__ -----'I \----------

FIGURE C-4. MODEM CONTROL TIMING 

WD16CSSO TEST 
SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

tMDO Delay from DOSTRI 0.200 I1sec 100pF Load 
DOSTR (WR MeR) 
to Output 

tSIM Delay to Set Interrupt 0.250 I1sec 100pF Load 
from MODEM Input 

tRIM Delay to Reset Interrupt 0.250 I1sec 100pF Load 
from DISTRI 
DISTR (RD MSR) 

TABLE CoS. MODEM CONTROL TIMING 
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• SoeTIIHo ce 

FIGURE COS. READ CYCLE TIMING 

ss 

~ ss 
OR 

ss ~ ss 
~.oo .,:IlH., 

OQl\TA __________ --« VALID Ql\TA )>-----
0- 0 7 .. 

• See Table ce 

FIGURE C-6. WRITE CYCLE nMING 
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WD16C550 TEST 
SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

tAW Address Strobe Width 60 nsec 1 TTL Load 

tACS Address and Chip 60 nsec 1TTLLoad 
Select Setup Time 

tACH Address and Chip 0 nsec 1TTLLoad 
Select Hold Time 

tOlD DISTR/DISTR Delay nsec 1TTLLoad 
from latch 

tDIW DISTR/DISTR Strobe 125 nsec 1 TTL Load 
Width 

tRC Read Cycle Delay 125 nsec 1 TTL Load 

RC Read CDcle = tACS + 280 nsec 1 TTL Load 
tOlD + t IW + tRC + 
20 nsec 

too DISTR/DISTR to 60 nsec 1 TTL Load 
Driver Disable Delay 

tODD Del~ from DISTRI 100 nsec 1 TTL Load 
DIS R to Data 

tHZ DISTR/DISTR to 0 100 nsec 1 TTL Load 

tDOD 
Floatirw Data Delay 
DOST IDOSTR Delay nsec 1 TTL Load 
from Latch 

tDOW DOSTR/DOSTR Strobe 100 nsec 1 TTL Load 
Width 

twc Write Cycle Delay 150 nsec 1TTLLoad 

WC Write Cycle =tACS + 280 nsec 1 TTL Load 
tDOD + tDOW + 
twc + 20 nsec 

tDS Data Setup Time 30 nsec HTLLoad 

tDH Data Hold Time 30 nsec 1TTLLoad 

tDIC· DISTR/DISTR DELAY 30 nsec 1TTLLoad 
from Select or Address 

tDOC" DOSTR/DOSTR Delay 30 nsec 1TTL Load 
from Select or Address 

tACR" Address and Chip 20 nsec 1 TTL Load 
SelectHold Time 
from DISTR/DISTR 

tACW" Address and Chip 20 nsec 1TTLLoad 
Select Hold Time 
from DOSTR/DOSTR 

tMR Master Reset Pulse 5.0 Ilsec 1TTLLoad 
Width 

tXH Duration of Clock 55 nsec 
HIGH Pulse 

tXL Duration of Clock 55 nsec External Clock 
LOW Pulse (8.0 MHz Max.) 

• Only applicable when ADS is permanently low. 

TABLE CoG. READIWRITE CYCLE TIMING 
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SERIAL IN ________ / SS 
(SIN) ,,\-, -L.. ___ D_At_A..:..(S...;-S),--:SS 

SAMPLECLK --~-~-~~--ss--~--~--~--~--~---

FIFO TRIGGER 
LEVEL INlERRUPT 

FCR6 • 0, FCR7 ~ 0 

LSINT 

----------------------------"-I-.-----.. r-SS t RINT ..... ~ 
____________ ~ __ ~I L I~ 

DISTR 
(RDLSR) ---------------------------------------~ 

DlSTR 
(RDRBR) 

FIGURE C-7. RCVR FIFO SIGNALING TIMING FOR FIRST BYTE 

PARITY 
r---,--....... SERIAL IN ~ / SS 

(SIN) ,,\-, -L.. _____ D_At_A (,-5--:.S)_SS 

SAMPLE CLK ---L---'--.L...-~--SS--~---'----'----'----'-I---
FIFO TRIGGER 

LEVEL INlERRUPT 
FCR6 = 0, FCR7. 0 

LSINT \ 
:-'--.1" t RINT ..... 

%.r-ro-P-BYTE--O-F F-IF-O"l.. 

DiSTR ~tsINT .... 1 t RINT ..... ' I~ 
-------------------------~------~ J'r---+----

(RDLSR) PREVIOUS 

3-34 

BYTE READ 
DiSiii ________________________ __.FROMFIFO',--------------------""" 

(RDRBR) 

FIGURE CoS. RCVR FIFO SIGNALING TIMING AFTER FIRST BYTE 

(RBR ALREADY SET) 

1211/90 
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DISTR 
(RDRBR) 

SIN 

SAMPLECLK 

RXRDY 

--
DISTR 

(RDRBR) 

SIN 

SAMPLECLK 

--
RXRDY 

LAST BYTE 
-------- 55 -------------.\ READ FROM r----

\ FIFO 

(FIRST BYTE) 

=:x PARITY rap i \---

I ~ tSINT ~}---- 55 --"'-1--'1 ~ tRINT 

FIGURE Cog. RECEIVER DMA MODE 0 TIMING 

(FCRO=O or FCRO=1, FCR3=O) 

LAST BYTE 
55 \ READ FROM 

1\ FIFO 

( FIRST BYTE TO ) 
REACH TRIGGER LEVEL 

PARITY STOP I 

I I I 

l~tSINT~1 55 
~I 1~tRINT 

FIGURE C-10. RECEIVER DMA MODE 1 TIMING (FCRO=1 OR FCR3=1) 
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DOSTR 
(WATHR) 

SOUT 

TXRDY 

DOSTR 
(WRTHR) 

SOUT 

TXRDY 
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FIRST 

\ BYTE 

1 
DATA 

~ 
twxl-..1 1- tSXA -.. 

FIGURE C-11. TRANSMITTER DMA MODE 0 TIMING 
(FCRO=O or FCRO=1 and FCR3=O) 

LAST BYTE '\""1 
DATA I ~ 

twxl-..1 1- tSXA -.. 

FIGURE C-12. TRANSMITTER DMA MODE 1 TIMING 
(FCRO=O or FCRO=1 and FCR3=O) 

1211190 
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PACKAGE DIAGRAMS WD16C550 

APPENDIX 0 

0.0 PACKAGE DIAGRAMS 

Figures D-1, D-2, and D-3 illustrate the 40-pin DIP packages and 44-pin QUAD package showing 
dimensions in inches. 

.. 2.000 ± 0.020 ==l 
52.32 + 0.51 

n n Q Q {\ Q Q D () D~O Q Q Q C\ ,\ e, ,\ C\ C\ 

lie u=UuUUYC~O uu U u vue u J~' :'~ 
~~~~~~~~~~~~~~~~~1 ~~~ 

"f~;g1W~ JI~;~ 
1 0.Q18 ± 0.003 

0.46 ± 0.08 

"~~l w~ 
0.610 :t 0.015 
15.49 ± 0.38 

L 
0.012 ± 0.003 

0.30 ± 0.08 

FIGURE 0-1. 40-PIN LEAD PLASTIC "PL" 

PIN 1 ID. 

0.Gl0C- I I 
15.49! 0.38 .. 

L~~~~o-==-=-~ 
I .. 

( 

"~,,~ J 
1.27 t 0.64 .. .. 0.100 t 0.010 

2.54 t 0.25 

0.050 t 0.015 
0.89 ± 0.38 

0.Q18 t 0.003 
0.46 "t 0.08 

FIGURE 0-2. 40-PIN LEAD CERAMIC "AL" 
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0'690 "!" 0.915 
17.526 t 0.381 

3-38 

0690 t 0015 
17.526 t 0.381 

PI N 110. 

E!5"'.~ + ;0558 
0.001 - 0.005 
~ 

OPTION C 

-,.~EF 
0.4318 

OPTlON 
-A-

FIGURE 0·3. 44-PIN QUAD LEAD PLASTIC "JM" 
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INTRODUCTION 

1.0 INTRODUCTION 
1.1 DOCUMENT SCOPE 

This document describes the function and operation 
of the WD76C10A, WD76C10ALP and 
WD76C10ALV System Controller devices. It in
cludes the description of external logic necessary for 
efficient use of these devices. In most instances, 
the WD76C10A, WD76C10ALP and WD76C10ALV 
operate similarly and are referred to in this docu
ment as the System Controller. Where there are 
differences, the devices are identified specifically. 

1.2 FEATURES 

Features Common to WD76C10A, WD76C10ALP 
and WD76C10ALV: 

• Operates at speeds of 16 MHz, 20 MHz and 
25 MHz. 

• Interfaces with 80286 or 80386SX CPUs. 

• Supports memory in four banks with 64 Kbit, 
256 Kbit, 1 Mbit or 4 Mbit DRAMs. 

• Page mode zero wait state access at 25 MHz 
with 70 ns DRAM. 

• Supports up to 16 Mbyte of real memory or 32 
Mbyte of EMS memory. 

• Maintains controlled propagation delay for 
80386SX reset. 

• Employs an internal self-tuning delay line for 
DRAM control. 

• Self-adjusting output drivers minimize output 
rise/fall time variations and reduces EMI and 
ground noise. 

• DRAM address multiplexer drives 350 pF with 
adjustable strength drivers. 

• Main and VGA BIOS may be mapped into one 
physical PROM. 

• Advanced 64 Kbyte and 128 Kbyte ROM 
shadowing allows main BIOS and video BIOS 
shadowing, along with 320 Kbyte and 256 
Kbyte remap to extended or expanded memory. 

• Parity generation and checking. 

• Low power 0.9 micron CMOS technology. 

WD76C10AILPILV 

• 132-pin JEDEC plastic QUAD flat package 
(PQFP) 

Additional Features Of WD76C1 OALP Only: 

• System Activity Monitor (SAM). 

• Power control with suspend and resume. 

• Processor stop clock. 

• CAS before RAS slow refresh for portable 
applications. 

• Automatic processor clock speed switching. 

Additional Features Of WD76C10ALV Only: 

• Internal logic is powered by a 3.3 volt supply to 
extend battery life upto two times. 

1.3 GENERAL DESCRIPTION 

The WD76C10A is designed for use in a high per
formance desktop AT computer, using an 80286 or 
80386SX processor 0 f u P to 25M Hz. The 
WD76C10ALP has the features of the WD76C1 OA 
and is designed to operate in a high perfor
mance notebook/laptop AT compatible computer 
using an 80286 or 80386SX processor. With the 
exception of the 80286 modes, the WD76C10ALV 
has all the capabilities of the WD76C10ALP plus 
the ability to operate with a 3.3 volt power supply. 

1.3.1 WD76C10A 

The WD76C 1 OA contains a high performance 
memory controller with programmable modes of 
operation. It supports non-page, zero wait state 
read and write memory control. A maximum of four 
banks of 64 Kbit, 256 Kbit, 1 Mbit or 4 Mbit DRAM 
may be controlled, allowing up to 16 Mbytes of real 
or 32 Mbytes EMS (Expanded Memory Specifica
tion) memory. Any combination of DRAM sizes may 
be used. In addition, the WD76C10A controls 
page mode DRAM or static column DRAM with 
page mode operation. 

The on-board memory can be allocated either 
to extended or EMS memory in 128 Kbyte in
crements. Forty EMS registers support EMS 
4.0 multitasking. 

An internal self-tuning delay line is used for DMA 
and Bus Master memory cycles. Delay line infor-
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mation is also used to adjust the strength of the 
output drivers. This stabilizes the output rise and 
fall times, which reduces ground noise and 
electromagnetic interference (EMI). 

EMS access to external RAM or ROM may be 
used to support Kanji or other extended character 
sets. 

The WD76C10A interfaces with either an 80286 
or 80386SX processor. The processor type is 
automatically sensed at power up. No extra logic 
is required to interface with the 80386SX. The 
variation in processor reset propagation delay is 
controlled to meet the strict reset timing of the 
80386SX. 

1.3.2 WD76C10ALP 

In addition to supporting all the features of the 
WD76C 1 OA, the WD76C10ALP also supports 
portable notebook/laptop computers. To provide 
this support, the WD76C10ALP makes use of 
Power Management Control (PMC) for powering 
down peripherals or the processor, processor stop 
clock, slow clock, automatic processor clock 
speed switching modes and CAS before RAS 
slow refresh. Suspend and resume is supported 
when low power DRAM is refreshed while the 
processor and other power consuming devices 
are turned off. The power drain for the core logic 
and VGA controller is less than 5 mA in this mode. 
Power and clock speed may be controlled by the 
keyboard processor, transparently to the 80286 or 
80386SX. 

INTRODUCTION 

The System Activity Monitor (SAM) provided by 
WD76C 1 OALP is a transparent feature that 
replaces the functions previously performed by 
software. It determines when the system has 
been idle for a previously programmed period of 
time and determines a clean break point in which 
to perform power down activities such as 
suspend. 

1.3.3 WD76C10ALV 

The WD76C10ALV supports all of the 80386SX 
mode functions and features supplied by the 
WD76C10ALP. In addition, the WD76C10ALV 
has improved the PC notebook/laptop design by 
operating with a 3.3 volt ± 0.3V power supply 
which extends the battery life up to two times. 

The WD76C10ALV does not support 80286 
modes. 

The DC operating Characteristics and AC timing 
specifications that differ from the WD76C10A/LP 
are presented in the Appendix. 
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2.0 ARCHITECTURE 
All versions of the System Controller are com
prised of eight major blocks: 

• Initialization and clocking 

• AT bus 

• 80286/80387SX processor control 

• 80287/80387SX numeric processor 
control 

• Data bus 

• Memory and EMS control 

• Power Management Control 
(WD76C10ALP only) 

• Register File 

Sections 2.1 through 2.8 provide an overview of 
these blocks and are described in more detail in 
sections 4 through 9. 

2.1 INITIALIZATION AND CLOCKING 

At power up, the System Controller receives the 
RSTIN signal, which it uses to reset the AT bus 
and assert CPU RES and NPRST to reset the 
main and numeric processors. The processor 
and AT bus resets are held fOiJ!£processor 
clocks beyond the removal of the RSTIN signal. It 
is at this time that the type of processor in use 
(80286, 80287 or 80386SX, 80387SX) is deter
mined by examining the S1 [W/R#] signal. 

CLK14 is a 14.318 MHz clock for the 8254 
compatible timers and is switched by the 
WD76C20 to 32 KHz during a suspend and 
resume operation. 

BCLK2 is used to generate an 8 MHz or 10 MHz 
bus clock and may also be used as the source for 
the main processor clock, CPUCLK. 

2.2 AT BUS 

The AT bus provides the logic necessary to control 
the system clock, memory read and write access, 
1/0 read and write cycles, data bus direction, data 
and interrupt requests and speaker driver. 

ARCHITECTURE 

2.3 MAIN PROCESSOR CONTROL 

At the termination of reset, this block determines 
whether the local processor is an 80286 or 
80386SX by examining the S1 [W/R#] signal. This 
block also controls whether the CPUCLK is to be 
an input or output. While both devices have the 
ability to reduce the processor clock rate, only the 
WD76C10ALP has the ability to stop the clock to 
the processor. The WD76C10ALP also has the 
ability to power down the processor, at which time 
it tristates signals CPUCLK, READY, HOLD, 
INTRQ and NMI. 

2.4 NUMERIC PROCESSOR CONTROL 

Both System Controllers support an 80287 or 
80387SX processor. 

2.5 DATA BUS 

The Data Bus is a 16 bit (two bytes) bidirectional 
bus that connects to the processor's, System 
Controller, DRAM, and to AT data bus 
transceivers. The parity of each DRAM byte is 
indicated by DPL and DPH. 

2.6 MEMORY AND EMS CONTROL 

This block controls the access to 16 Mbytes of 
real memory or 32 Mbytes of expanded memory. 
Both versions of the System Controller supports 
non-page mode memory and independent two
way interleave page mode access to the DRAM 
banks. 
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2.7 POWER MANAGEMENT CONTROL 

The Power Management Control (PMC) is internal 
logic which interfaces with external multiplexers 
and latches. Only the WD76C10ALP makes full 
use of the PMC. It has the ability to power down 
only the main processor or the main processor 
and peripherals, conserving power essential to 
portable notebook/1aptop computers. When in a 
power down state, the WD76C1 OALP tristates the 
CPUCLK, READY, HOLD, INTRQ and NMI output 
signals to the main processor. 

2.8 REGISTER FILE 

The register file provides software control of the 
interface signals. The function of each register is 
described in the same section as the logic block 
which it controls. Some registers, such as the 
Bus Timing and Power Down Control Register at 
Port 1872H, serve more than one area. In this 
instance the register description appears only in 
one section but is referred to in all appropriate 
sections. 

The registers, and the section in which they are 
described, are listed in Table 2-1. 

In most cases, the registers are addressed by all 
16 address bits, A15 through AOO. Within the 
text, when the address is expressed as a three 
digit number, i.e., 092H - ALT A20 GATE and 
HOT RESET, only address bits A09 through AOO 
are used, A 15 through A 10 are ignored. If the ad
dress is expressed as a four digit number, all 16 
address bits are used. 

With the exception of the EMS Registers at port 
E072H and E872H and Port 70H Shadow 
Register at E472H, all registers located at Ports 
1072H through FC72H are locked and inacces
sible until unlocked by performing an eight bit I/O 
write of DA to the Lock/Unlock Register at Port 
F073H. Writing anything other than DA locks the 
registers. The lock/unlock status can be deter
mined by reading the Lock/Unlock Status Register 
at Port FC72H twice. If the T bit (bit 15) toggles, 
the registers are unlocked. If the registers are 
locked, the read cycle is directed to the AT bus, 
and the data is undetermined. 

WD76C10AILPILV 

2.8.1 Lock Status Register 

Port Address FC72H - Read only 

Bits 11-03 are particularly useful in laptop applica
tions by allowing the suspend/resume software to 
restore correct status to on-board devices. 

15 14 13 12 11 t 10 t 09 t 08 

T DMA#2 
CH3 CH2 CH1 CHO 

07 I 06 t 05 I 04 03 02 01 00 

DMA#1 P 
CH3 CH2 CH1 CHO 

Signal Default 
Name At RSTIN 

All signals ............. None 

Bit 15 - T, Toggle 

Changes state after every read of this port. 

Bits 14-12 - Not used, state is ignored 

Bits 11-08 - DMA#2, Channel Enable 

This field represents the state of the Enable 
Bit (Mask) for channels 3 through 0 of DMA 
Controller #2. For a description of the Mask 
Registers, refer to section 5.4.11. 

o = Channel enabled 

1 = Channel disabled 

Bits 07-04 - DMA #1, Channel Enable 

This field represents the state of the Enable 
Bit (Mask) for channels 3 through 0 of DMA 
Controller #1. For a description of the Mask 
Registers, refer to section 5.4.11. 

o = Channel enabled 

1 = Channel disabled 

Bit 03 - P, Parallel Port Direction 

The P bit represents the state of the Direction 
Bit (bit 5) of the parallel port Write Control 
Register. For a description of this bit, refer to 
the WD76C30 Data Book, section 4.3 

Bits 02-00 - Not used, state is ignored 
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2.8.2 Lock/Unlock Register 

Port Address F073H - Write only 

07 I 06 I 05 I 04 I 03 I 02 I 01 I 00 

UUL 

Signal 
Name 

All signals 

Default 
At RSTIN 

. None 

ARCHITECTURE 

Bits 15-08 - Not used, state is ignored 

Bits 07-00 - LJUL, Lock/Unlock 

LJUL = DA-
11011010 unlocks the registers, allowing 
read and write access to the registers. 
Refer to Table 2-1 for the registers 
capable of being locked. 

LJUL¢ DA-
Anything other than 11011010 locks the 
registers. Any attempt to access a locked 
register I/O port address goes to the AT 
bus rather than the locked register. 
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FIGURE 2-1. WD76C10A/LP/LV BLOCK DIAGRAM 
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PORT LOCK! 
ADDRESS REGISTER NAME UNLOCK SECTION 

(HEX) 

000 - OOF CD DMA Control #1 (Channel 0:3) No 5.4,5.6, 
020 - 021 @ Interrupt Controller #1 No 5.5 
040 Timer 0, Time Of Day No 5.7 
041 Timer 1, Refresh No 5.7 
042 Timer 2, Speaker No 5.7 
043 Control Word No 5.7 
060 - 06E even Keyboard Controller No 7.5, Table 7-1 
061 - 06F odd Port B Parity Error And I/O Channel Check No 5.9 
070 - 07E even Real-Time Clock Address Register No 5.8.1 
071 - 07F odd Real-Time Clock Data Register No 5.8.2 
080 - 09F (except 092H) DMA Page Registers No 5.6.4 
092 AL T A20 Gate and Hot Reset No 5.8.3 
OAO - 0A1 @ Interrupt Control Slave #2 No 5.4,5.6 
OCO - ODE CD DMA Control #2 (Channel 4:7) No 5.4 
OOFO CLEAR 287 BUSY No 5.3.2 
00F1 RESET 287/387SX No 5.3.3 
1072 CPU Clock Control ,. Yes 4.2.4 
1872 Bus Timing And Power Down Control Yes 5.3.1 
2072 Refresh Control, Serial And Parallel Chip Selects Yes 7.1 
2872 Chip Selects Yes 7.2 
3072 Programmable Chip Select Address Yes 7.3 
3872 Memory Control Yes 6.2.1 
4072 Non-page Mode DRAM Memory Timing Yes 6.3.1 
4872 Bank 1'And Bank 0 Start Address Yes 6.2.2 
5072 Bank 3 And Bank 2 Start Address Yes 6.2.2 
5872 Split Start Address Yes 6.2.3 
6072 RAM Shadow And Write Protect Yes 6.2.4 
6872 EMS Control And Lower EMS Boundary Yes 6.4.1 
7072 PMC Output Control 7:0 Yes 8.3 
7872 PMC Output Control 15:8 Yes 8.3 
8072 PMC Timers Yes 8.4 
8872 PMC Inputs 7:0 Yes 8.5 
9072 NMI Status Yes 8.7 
9872 Diagnostic Yes 9.1 
A072 Delay Line Yes 9.2 
A872 Test Enable Yes 9.3 
B072 Activity Monitor Control Yes 8.11 
B872 DMA Control Shadow Yes 5.4.15 
C072 High Memory Write Protect Boundary Yes 6.2.5 
C872 PMC Interrupt Enables Yes 8.6 
D072 Serial/Parallel Shadow Register Yes 8.8 
D472 Interrupt Controller Shadow Yes 8.9 
D872 Activity Monitor Mask Yes 8.12 
DC72 Test Status Yes 9.4 
E072 EMS Page Register Pointer No 6.4.2 
E472 Port 70H Shadow No 8.10 

TABLE 2·1. REGISTER INDEX 
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PORT LOCK! 
ADDRESS REGISTER NAME UNLOCK SECTION 

(HEX) 

E872 EMS Page Register No 6.4.3 
F072 48 MHz Oscillator Disable Yes 7.5, Table 7-1 
F472 48 MHz Oscillator Enable Yes 7.5, Table 7-1 
F872 Cache Flush Yes 7.4 
FC72 Lock Status Yes 2.8.1 
F073 Lock/Unlock No 2.8.2 

<D See Table 5-4. DMA Controller/Channel Function Map 
(2) See Table 5-6. Interrupt Controller Function Map 

TABLE 2-1. REGISTER INDEX (cont.) 
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3.0 SIGNAL DESCRIPTION 
The signals are listed according to their pin 
number in Table 3-1. The signals are grouped 
according to their application and .described in 
Table 3-2. 

PIN· NAME PIN· NAME 

1 - RA5/ED5 35 - NPRST 
2 - Vcc 36 - LOMEG 
3 - RA4/ED4 37- MEMW 
4 - RA3/ED3 38 - MEMR 
5 - Vss 39 -lOW 
6 - RA2IED2 40 -lOR 
7 - RA1/ED1 41 - BHE 
8 - RADlE DO 42 - NPERR 
9 -CASH2 43 - PEACK [D/C#] 

10 - CASL2 [WIRO] 44 - MilO 
11 - RAS2 45 - SO [ADS#] 
12 - CASH3 [CASIN] 46 - S1 [W/R#] 
13 - CASL3 [PEl 47 - READY 
14 - RAS3 48 - HLDA 
15 - DPH [CS4] 49 -HOLD 
16 - DPL [CS3] 50 - BCLK2 
17 - RSTIN 51 - RDYIN [CKA] 
18 - DROIN [PEl 
19 -IOCHRDY 52 - CPUCLK 
20 -ZEROWS 53 - BUSYCPU 
21 -IOCS16 54 - NMI 
22 - MEMCS16 55 -INTRO 
23 - SPKR 56 - DO 
24 - SAO 57 - D1 
25 - LA20 58 - D2 
26 - MASTER 59 - D3 
27 -ALE 60 - D4 
28 - AEN 61 - D5 
29 - SDEN 62 - D6 
30 - SDT/R [486] 63 - D7 
31 - Vcc 64 - D8 
32 - REFRESH 65 - D9 
33 - Vss 66 - D10 
34 - EPEREO 67 - Vss 

PIN· NAME 

68 - D11 
69 - Vcc 
70 - D12 
71 - D13 
72 - D14 
73 - D15 
74 - DT/A 
75 - DEN1 
76 - DENO 
77 - SYSCLK 
78 - CPURES 
79 - BALE 
80 -A23 
81 -A22 
82 -A21 
83 -lOCK 
84 - CLK14 
85 - NPBUSY 
86 - AD [BLE#] 
87 -A1 
88 - A20 
89 - A19 
90 - A18 
91 - A17 
92 - A16 
93 - A15 
94 - A14 
95 - A13 
96 - A12 
97 - A11 
98 - Vss 
99 - Vss 

100 -A10 
101 - Vcc 

TABLE 3·1. SIGNAL/PIN ASSIGNMENTS 

SIGNAL DESCRIPTION 

PIN· NAME 

102 -A9 
103 -A8 
104 -A7 
105 -AS 
106-A5 
107 -A4 
108 -A3 
109-A2 
110 - IROSET1 
111 - IROSETO 
112 - MXCTLO 
113 - MXCTL1 
114 - MXCTL2 
115 - CSEN 
116 - DACKEN 
117 - PDREF-

WD76C10ALP 
118 - PMCIN 
119 - W/R 
120 - CASHO 
121 - CASLO 
122 - RASO 
123 - CASH1 
124 - CASL1 
125 - RAS1 
126 - RA10 [CS2] 
127 - RA9 [CS1] 
128 - RA8 [CSO] 
129 - Vss 
130 - RA7/ED7 
131 - RA6/ED6 
132 - Vss 

NOTE: Some pins are multi-functional depending upon the mode of operation. The alternate signal 
for these pins is enclosed in [ ]. . 
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SIGNAL DESCRIPTION WD 76C 1 OAILPILV 

PIN 
MNEMONIC SIGNAL NAME 1/0 DESCRIPTION NUMBER 

INITIALIZATION AND CLOCKING 

17 RSTIN System Reset I RSTIN drives a CMOS input level Schmitt 
Trigger and is used to reset the entire system 
at power up. For a detailed description, 
refer to Section 4, Initialization And Clocking. 

I~ 50 BCLK2 Bus Clock I BCLK2 is used to generate an 8 MHz or 
10 MHz expansion bus clock. For an 8 
MHz bus, BCLK2 is a 16 MHz or 32 MHz 
input signal. For a 10 MHz bus clock, 
BCLK2 is a 20 or 40 MHz input signal. 
BCLK2 may also be used to drive the 
processor clock. 

For additional information, refer to section 
4, Initialization And Clocking. 

84 CLK14 Clock 14 I CLK14 is derived from a 14.318 MHz crystal 
and is used internally for the 8254 compatible 
timers. CLK14 is externally switched to 32 
KHz during a suspend and resume. 

AT BUS 

40 lOR liD Read liD lOR is an output and is asserted by the Sys-
tem Controller during processor or DMA ac-
cess to indicate that an liD read operation 
is to take place on the AT bus. 

lOR is an input during Master Mode. 

39 lOW liD Write liD lOW is an output and is asserted by the 
System Controller during processor or 
DMA access to indicate that an liD write 
operation is to take place on the AT bus. 

lOW is an input during Master Mode. 

38 MEMR Memory Read liD MEMR is an output and is asserted by the 
System Controller when a memory read 
access to the AT bus is to take place. 

MEMR is an input during Master Mode. 

TABLE 3-2. SIGNAL DESCRIPTION 
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WD76C10AILPILV SIGNAL DESCRIPTION 

PIN 
MNEMONIC SIGNAL NAME 

1
1/0 

DESCRIPTION NUMBER 

AT BUS (cont.) 

37 MEMW Memory Write I/O MEMW is an output and is asserted by the 
System Controller when a memory write 
access to the AT bus is to take place. 

MEMW is an input during Master Mode. 

36 LOMEG First Megabyte 0 LOMEG is asserted when the AT bus 
address is below 1 Mbyte. Used with 
MEMR and MEMW to generate SMEMR 
and SMEMW. 

28 AEN Address Enable 0 AEN is asserted by the System Controller 
while performing DMA and Refresh cycles. 

79 BALE AT Bus Address 0 Address Latch Enable for the AT bus. 
Latch Enable BALE is synchronous with the Bus Clock 

(BCLK2). 

77 SYSCLK System Clock 0 In asynchronous bus mode, SYSCLK is 
equal to BCLK2 divided by two when 
BCLK2 is less than 28 MHz, and divided 
by four when BCLK2 is greater than 28 
MHz. 

In synchronous bus mode, SYSCLK is 
equal to CPUCLK divided by two or four, 
depending on the programming. 

25 LA20 Early Address 20 110 When not in Master Mode, LA20 is an output 
and is asserted by the System Controller to 
place address 20 on the AT Bus LA20 line. 

When in Master Mode, LA20 is an input 
and is asserted by the Bus Master to place 
address on A20. 

24 SAO System Address 0 I/O When not in Master Mode, SAO is an output 
and is asserted by the System Controller to 
place address 00 on the AT Bus SAO line. 

When in Master Mode, SAO is an input 
and is asserted by the Bus Master to place 
address on AO. 

TABLE 3-2. SIGNAL DESCRIPTION cont. 
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SIGNAL DESCRIPTION WD76C10AILPILV 

PIN 
MNEMONIC SIGNAL NAME 1/0 DESCRIPTION NUMBER 

AT BUS (cont.) 

32 REFRESH Refresh I/O As an output, REFRESH is asserted by 
the System Controller to refresh memory 
on the AT Bus. 

As an input, REFRESH is asserted by the 
Bus Master in conjunction with MEMR to 
refresh memory on the AT Bus and DRAM 
controlled by the System Controller. 

26 MASTER Master I MASTER is asserted by the Bus Master to 
indicate that a Bus Master cycle is occur-
~This causes LA20, SAO, MEMR, 
MEMW, lOR, and lOW to become input 
signals. 

83 lOCK I/O Check I When asserted, lOCK indicates a bus or 
memory error is on the AT bus and 
generates an NMI to the processor. 

21 IOCS16 16 Bit I/O Cycle I Initiates a 16 bit I/O AT bus cycle. 

22 MEMCS16 16 Bit Memory Cycle I Initiates a 16 bit memory AT bus cycle. 

20 ZEROWS Zero Wait States I Initiates a zero wait AT bus cycle. 

19 10CHRDY I/O Channel Ready I Initiates wait states during AT bus cycles. 

116 DACKEN DACK Enable 0 When DACKEN is asserted, MXCTL2-0 
are used to generated DACK7 -5, 3-0 and 
BUS_RST. Refer to Table 5-1 and Figure 
5-1. 

114 MXCTL2 Multiplexer 0 MXCTL2 - MXCTLO, along with DROIN, 
Control 2 DACKEN, IROSET1, IROSETO and PMCIN, 

control the external multiplexer for the 
selection of DROs, DACKs, IROs, ROM8, 
A20GT and RESCPU. Refer to Table 5-1 
and Figure 5-1. 

113 MXCTL1 Multiplexer 0 
Control 1 

112 MXCTLO Multiplexer 0 
Control 0 

TABLE 3-2. SIGNAL DESCRIPTION cont. 
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WD76C10AlLPILV SIGNAL DESCRIPTION 

PIN 
MNEMONIC SIGNAL NAME 1/0 DESCRIPTION NUMBER 

AT BUS (cont.) 

18 DROIN Multiplexed ORO I DROIN, along with MXCTL2 - 0, selects 
Inputs one of the DROs or CLOCK_DIRJN. 

Refer to Table 5-1 and Figure 5-1. 

110 IROSET1 Interrupt I IROSET1, along with MXCTL2 - 0, selects 
Request one of the of the following: A20GT, IR01, 
Set 1 IR03 - IR07, IR012. Refer to Table 5-1 

and Figure 5-1. 

111 I ROSETO Interrupt I IROSETO, along with MXCTL2 - 0, selects 
Request one of the following: ROM8, RESCPU, 
Set 0 IR08, IR09 - IR011, IR014 and IR015. 

Refer to Table 5-1 and Figure 5-1. 

23 SPKR Speaker 0 SPKR drives the speaker transistor and is 
used for diagnostics. 

27 ALE Address Latch Enable 0 ALE is used to clock the SA 1 - SA 19 address 
latches. 

115 CSEN Chip Select Enable a When asserted, DPH, DPL, and RA10-
RA8 are used to generate one of 28 dif-
ferent chip selects. Refer to Table 7-1. 

74 DTiR Data Transmit! 0 DT/R controls the direction of the AT Data 
Receive Bus 000 - 015. 

When DT/R is high, data is directed to the 
AT Bus. 

When DTiR is low, data is transferred from 
the AT bus. 

76 DENO Data Bus Enable 0 a When asserted, DE NO enables the low 
order byte data buffer. 

75 DEN1 Data Bus Enable 1 a When asserted, DEN1 enables the high 
order byte data buffer. 

29 SDEN Swap Data Enable a SDEN enables the data transfer between 
high and low bytes of the AT Bus. 

TABLE 3-2. SIGNAL DESCRIPTION cont. 
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SIGNAL DESCRIPTION WD76C10AILPILV 

PIN 
MNEMONIC SIGNAL NAME 1/0 DESCRIPTION NUMBER 

AT BUS (cont.) 

SDT/A [486] Swap Data Transmit! 1/0 
-

30 SDT/R [486] is tristated by a 50K pullup 
Receive [80486] resistor internal to the WD76C10A when 

RSTIN at pin 17 is low. 
-

SDT/R Mode - Output 
When SDT/R is high, it directs data from 
the low byte of the AT Bus to the high byte. 

-

When SDT/R is low, it directs data from 
the high byte of the AT bus to the low byte. 

- --
Forcing SDT/R I:!!.gh while RSTIN is lo~ 
selects the SDT/R mode. Holding SDT/R 
high i!s RSTIN goes high maintains the 
SDT/R mode. 

80486 Mode - Input 
Selecting 80486 mode sets the SRC bit in 
Port 1072H to 1. This causes RDYIN at 
pin 51 to be the default processor clock 
source input. 

- --
Forcing SDT/R low while RSTIN is lo~ 
selects the 80486 mode. Holding SDT/R 
low as RSTIN goes high, maintains the 
80486 mode. 

The SDT/A pin may may be forced low at 
reset with a 5K pulldown resistor or an 
open collector or tristate driver, driven by 
RSTIN. 

MAIN PROCESSOR CONTROL 

52 CPUCLK Processor Clock 1/0 CPUCLK speed and whether it is to be an 
input or output, is selected by the CPU 
Clock Control Register at Port Address 
1072H. It is normally selected as an out-
put to drive the processor but may be 
selected as an input from an external 
processor clock driver. 

---
47 READY Processor Ready 0 READY is an output to the processor. 

TABLE 3-2. SIGNAL DESCRIPTION cont. 
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WD76C10AlLPILV SIGNAL DESCRIPTION 

PIN MNEMONIC SIGNAL NAME I/O DESCRIPTION 
NUMBER 

MAIN PROCESSOR CONTROL (CONT.) 

51 RDYIN/CKAJ Processor Ready Inl I Whether pin 51 is to be used as RDYIN, 
PE Alternate Clock! CKA or PE is determined by the Memory 

Parity Error Control Register at Port Address 3872H. 

RDYIN is used in a discrete cache system 
and indicates a hit or miss. 

CKA may be used as an alternate source 
for CPUCLK processor clock. 

When used as PE, it indicates a parity 
error from an external memory controller. 

78 CPU RES Main Processor 0 CPURES is a synchronous processor 
Reset reset signal. 

49 HOLD Hold Request 0 Processor hold cycle request. 

55 INTRQ Interrupt Request 0 Processor interrupt cycle request. 

54 NMI Non-Maskable 0 Processor non-maskable interrupt cycle 
Interrupt request. 

45 SO [ADS#] Processor Status 0 I In the 80286 mode this pin is SO. 
[Address Status] 

In the 80386SX mode this pin is ADS#. 

46 S1 [W/R#] Processor Status 1 I In the 80286 mode pin 46 is S1. 
[Write Read] 

In the 80386SX mode pin 46 is W/R# 

4 BHE Bus High Enable 1/0 As an input, BHE indicates a transfer of 
the high byte on the processor data bus. 

BHE is an output during DMA transfers. 

43 PEACK Processor Extension I In the 80286 mode, pin 43 is PEACK . 
[D/C#] Acknowledge 

[Data/Control] In the 80386SX mode, pin 43 is D/C#. 

44 MilO Memory or 1/0 I Processor Memory cycle or 1/0 Status 
cycle. 

48 HLDA Hold Acknowledge I Processor hold acknowledge. 

TABLE 3·2. SIGNAL DESCRIPTION cont. 
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SIGNAL DESCRIPTION WD76C10AILPILV 

PIN MNEMONIC SIGNAL NAME I/O DESCRIPTION 
NUMBER 

MAIN PROCESSOR CONTROL (cant.) 

53 BUSYCPU Processor Busy 0 Numeric Processor Busy (80287 or 
80387SX) signal to CPU (80286 or 
80386SX). 

80 - 82 A23 -A21 Processor Address I/O A23 through A 1 are address lines from the 
88 - 97 A20 - A11 A23 through AOO 80286 or 80386SX. AO is address bit AO 

100 A10 [Bus Low Enable) for the 80286, BLE# for the 80386SX, and 
102 -109 A9-A2 is controlled by SAO (AT Bus pin 24) during 
87 A1 Master Mode operations. 
86 AO [BLE#) 

A21, A 19 through A 1 are outputs during 
refresh and DMA cycles and inputs in 
other modes. 

A20 and AO are outputs during refresh, 
DMA and Master mode cycles and inputs 
in other modes. 

NUMERIC PROCESSOR CONTROL 

34 EPEREQ Extend PERQ 0 PERQ extend signal to the 80386SX for 
IRQ13 handling. Used only for the 
80386SX. 

35 NPRST Numeric Processor 0 Reset to the numeric processor 80287 or 
Reset 80387SX. 

42 NPERR Numeric Processor I Error signal from the numeric processor 
Error 80287 or 80387SX. 

85 NPBUSY Numeric Processor I Busy signal from the numeric processor 
Busy 80287 or 80387SX. 

DATA BUS 

73 -70 015 - 012 Data Bit 15 - Data Bit I/O The Data Bits are connected directly to the 
68 011 12, Data Bit 11 Local and Numeric processors, DRAM 

66 - 56 010 - DO Data Bit 10 - Data Bit data and AT Bus data transceivers. 
0 

16 DPL[CS3) Data Parity I/O For DRAM cycles, DPL is the low byte 
Low Byte parity bit. For I/O cycle, CS3 is bit three of 
[Chip Select 3) the encoded chip select bus. 

15 DPH [CS4) Data Parity I/O For DRAM cycles, DPH is the high byte 
High Byte parity bit. For I/O cycle, CS4 is bit four of 
[Chip Select 4) the encoded chip select bus. 

TABLE 3-2. SIGNAL DESCRIPTION cont. 
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WD76C10AlLPILV SIGNAL DESCRIPTION 

PIN 
MNEMONIC SIGNAL NAME I/O DESCRIPTION NUMBER 

MEMORY AND EMS CONTROL 

126 RA10/CS2 DRAM Address Bit 0 The DRAM Address Bus is multi-functional. 
127 RA9/CS1 10 through 
128 RA8/CSO DRAM Address Bit 8, During DRAM cycles, RA10 through RAO 

Chip Select 2 through select the DRAM Rowand Column. 
Chip Select 0 

130 RA7/ED7 DRAM Address Bit I/O During I/O cycles, CS2 through CSO, 
131 RA6/ED6 7 through along with CS4 and CS3, are decoded by 

1 RAS/EDS DRAM Address Bit external logic to one of 32 possible Chip 
3 RA4/ED4 0, Selects. ED7 through EDO represents the 
4 RA3/ED3 EDATA 7 through 0 data from such devices as the Keyboard 
6 RA2IED2 Controller on the EDATA bus. 
7 RA1/ED1 
8 RAO/EDO 

14 RAS3 Row Address Select 3 0 RAS3 through RASO are designed to ac-
11 RAS2 through cess the DRAM without the use of external 

12S RAS1 Row Address Select 0 drivers. 
122 RASO 

12, CASH3 Column Address I/O CASH3 [CASIN] is tristated by a SOK pul-
[CASIN] Select High 3 lup resistor internal to the WD76C10A 

9, CASH2 through 0 when RSTIN at pin 17 is low. 
123, CASH1 Column Address 0 
120 CASHO Select High 0 0 CAS Output Mode 

CASH3 through CASHO operate as output 
signals and are designed to access the 
DRAM without the use of external drivers. 

Forcing CASH3 [CASIN] high while RSTIN 
is low, selects the CASH3 Output Mode. 
Holding CASH3 [CASIN] high as RSTIN 
goes high, maintains the CASH3 Output 
Mode. 

CAS Input Mode 
In this· mode pins 12, 13 and 10 function 
as input pins controlled by CASIN, PE and 
WIRQ. CASH2, CASH1 and CASHO (pins 
9,123 and 120) remain output signals. 

Forcing CASH3 [CASIN] low while RSTIN 
is low, selects the CAS Input Mode. Hold-
ing CASH3 [CASIN] low as RSTIN goes 
high, maintains the CAS Input Mode. 

TABLE 3·2. SIGNAL DESCRIPTION cont. 
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SIGNAL DESCRIPTION WD76C1OAILPILV 

PIN 
MNEMONIC SIGNAL NAME 1/0 DESCRIPTION NUMBER 

MEMORY AND EMS CONTROL (cont.) 

The CASH3 [CASIN] pin may be forced 
low at reset with a 5K pulldown resistor or 
an open collector or tristate driver, driven 
by RSTIN. 

13 CASL3 [PEl Parity Error I/O CAS Output Mod_e __ 
10 CASL2 [WIRO] Weitek Interrupt I/O CASL3 through CASLO are designed to 

124 CASL1 Column Address 0 access the DRAM without the use of exter-
121 CASLO Select Low 3 0 nal drivers. 

through 
Column Address . CAS In~Mode - PE 
Select Low 0 When CAS Input Mode is selected by 

[CASIN] on pin 12, and bits 13 and 12 of 
Port 3872H are both 1 , pin 13 becomes an 
input and represents a Parity Error. A 
parity error is indicated by the low to high 
transition of the PE signal. 

CAS Input Mode - WIRQ 
When CAS Input Mode is selected by 
[CASIN] on pin 12, pin 10 becomes an 
interrupt signal typically connected to 
IR013, the error signal of a Weitek 
coprocessor. 

When WIRO goes from low to high, an 
IR013 is generated to the system. 

119 wiFf. Write/Read 0 wiFf. is output as a high signal to write to 
memory and output~s a low signal to read 
from memory. W/R should be buffered 
before use. 

TABLE 3-2. SIGNAL DESCRIPTION cont. 
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WD76C10AlLPILV SIGNAL DESCRIPTION 

PIN 
MNEMONIC SIGNAL NAME I/O DESCRIPTION NUMBER 

POWER MANAGEMENT CONTROL 

117 PDREF Power Down Refresh I PDREF is a 64 KHz signal from the 
WD76C20. During power down, PDREF 
is passed internally to pin 32 (REFRESH). 

118 PMCIN Power Management I PMCIN is used to sample eight PMC inputs. 
Control Input See Table 5-1 and Figure 5-1. 

MISCELLANEOUS 

5,33, Vss I Ground (7 pins) 
67,98, 
99, 129 
132 

2,31, Vee I +5 Volts (4 pins) 
69, 101 

TABLE 3-2. SIGNAL DESCRIPTION cont. 
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INITIALIZATION AND CLOCKING 

4.0 INITIALIZATION AND CLOCKING 
This section describes the system Master Reset 
(RSTIN) operation, control of internal clock 
(CLK14), bus clock (SYSCLK) and the processor 
clock (CPUCLK). 

4.1 POWER UP RESET 

The system reset signal, RSTIN, is generated ex
ternally at power up and is used to reset the entire 
system. When asserted, the System Controller 
outputs the CPURES signal to reset the Main 
Processor. At this time the System Controller also 
resets the AT bus by asserting DACKEN and 
MXCTL2-0 = 100, which are decoded externally 
as BUS_RST (DACK4), see sections 5.1, 5.1.1, 
Table 5-1 and Figure 5-1. An external RC circuit 
can be used to extend the time that RSTIN is 
asserted until the power supply reaches a proper 
level. CPURES and the AT bus reset signals are 
de-asserted 84 clock pulses after RSTIN reaches 
its switching threshold. It is during the reset 
period that the type of processor is detected by 
examining the state of the S1 signal. If S1 is 
asserted, the System Controller enters the 
80386SX mode. If S1 is de-asserted, it enters the 
80286 mode. If an 80386SX has been detected, 
BUSYCPU is asserted so that the processor may 
perform its self-test operation immediately follow
ing the power up reset. 

4.2 CLOCKING 

The System Controller makes use of five clocks, 
CLK14, BCLK2, CPUCLK, CKA and SYSCLK. 
Figure 4-1 shows how the clocks interact with 
each other and the register used to select the 
clock and speed. 

4.2.1 Internal Clock (CLK14) 

CLK14 is an input signal from a 14.318 MHz 
crystal and is used for the control of the 8254 
compatible timers. CLK14 is switched by the 
WD76C20 to 32 KHz during save and resume 
operations. 

WD76C10AILPILV 

4.2.2 System Bus Clock (SYSCLK) 

The AT bus is driven by the SYSCLK, which is 
derived from either the BCLK2 or CPUCLK, as 
selected by the Bus Timing Register at Port 
Address 1872H. SYSCLK is always one half or 
one fourth the value of the selected input clock 
(refer to Figure 4-1). 

4.2.3 Processor Clock (CPUCLK) 

The processor clock may be an output or input, 
depending on whether the System Controller 
generates CPUCLK or an external oscillator is 
used. At speeds higher than 50 MHz, CPUCLK 
may need to be generated by an external oscil
lator, making it possible to control the processor 
duty cycle more closely. At lower speeds, the 
System Controller may use BCLK2 to generate 
CPUCLK or, in a system without discrete cache, 
the System Controller may use CKA to generate 
CPUCLK. 

During reset, CPUCLK is an output. 

If the CPUCLK is initially placed in the input 
mode, it may be changed to the output mode 
by writing to the PMC Control Register at Port 
Address 7872H. The PMC control output 0 tris
tates the external clock oscillator. A processor 
reset (CPU RES) is automatically generated 
during the clock switching process. 

When the CPUCLK is an output, it may be 
stopped by SCHH or SCH (CPU Clock Control 
Register - bits 01 or 00, at Port Address 1072H) or 
divided down by CLK_SPD (bits 14-12). Only.the 
WD76C10ALP supports the CPUCLK stop function. 
When CPUCLK is stopped, it is in phase two of 
the 80C286. CPUCLK is restarted by an NMI or 
IRQ interrupt, qualified by the normal NMI and 
IRQ masking circuitry or by an NMI generated 
PMC logic. 

There are two methods for slowing the processor 
execution rate to provide software compatibility 
with programs expecting a particular CPU speed, 
such as game software. One method is to divide 
the CPUCLK by a factor of 2, 4 or 8. Dividing the 
clock rate may also have an effect on the CPU 
power consumption, so CLK_SPD also provides 
some choices of clock duty cycle. The other 
method can be used when the CPUCLK is an 
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FIGURE 4-1. CLOCK CONTROL 

output or input and generated by an external os
cillator. In this case, EXT_HOLD is used to ex
tend the hold request time to the processor after 
every refresh. 

In a system without a cache or external memory 
controller, pin 51 can be defined as Clock A (CKA) 
and used in place of the BCLK2. This choice is 
determined by SRC (CPU Clock Control Register 
- bit 15 at Port Address 1072H). SRC is set auto
matically at power up reset, if a clock source is 
present at pin 51 (CKA). 

4-22 ADVANCED INFORMATION 11125/91 



INITIALIZATION AND CLOCKING 

4.2.4 CPU Clock (CPUCLK) Control Register 

Port Address 1072H - Read and Write 

15 14 113 112 11 10 1 09 1 08 

SRC ClK_SPD AUT_ AlT_ClK_SPD 
FST 

07 1 06 1 05 1 04 03 02 01 00 

EXT_HOLD SCHH SCH 

Signal Default 
Name . At RSTIN 
SRC .................. 0/1 
CLI(SPD ............... 000/001 
AUT_FST-{:( .............. a 
ALT_CLK_SPD -{:( ............ 000 
EXTEND_HOLD ............ 0000 
Bits 03, 02 . . . . . . . . . . . . . . . None 
SCH-{:( ................. a 
SCHH -{:( ................ a 
* Featured only in the WD76C10ALP 

Bit 15 - SRC, CPUCLK Clock Source 

When CPUCLK is selected as an output by 
bits 14 - 12, SRC determines whether it is to 
be driven by BCLK2 or CKA. 

Default Value 

SRC is set to 0 and BLCK2 is used 
as the CPUCLK clock source if CKA 
does not change state within 64 
clocks after RSTIN is de-asserted. 

SRC is set to 1 and CKA is used as 
the CPUCLK clock source if CKA 
changes state within 64 clocks after 
RSTIN is de-asserted, or when 
operating in the 80486 Mode. The 
80486 Mode is selected by holding 
SDTiA low during RSTIN transition 
from low to high. 

SRC = 0-
BCK2 is the CPUCLK source. 

SRC = 1 -
CKA is the CPUCLK source. 

WD76C1OAILPILV 

Bits 14-12 - CLK_SPD, CPUCLK Clock Speed 

CLK_SPD determines whether CPUCLK is to 
be an input or output. When selecting 
CPUCLK as an output, CLK_SPD also deter
mines the divisor and duty cycle values. The 
CLK_SPD *defaults to 000 or 001 at power 
up. Changing the CPUCLK from an input 
(CLK_SPD = 000) to an output automatically 
asserts the processor reset {CPU RES) and 
the CPUCLK Driver Enable from the PMC 
latch is forced low, tristating the external 
clock oscillator. One ms later, CPUCLK be
comes active as an output. One ms and 16 
CPUCLK clocks (or one ms) later, the 
CPU RES is de-asserted. This method allows 
switching the clock source while tolerating 
glitches in the CPUCLK, generated due to 
the clock driver not being able to 
synchronously switch the clock. The one ms 
and 16 clocks or one ms. selection is made 
through the Diagnostic Register at Port 9872H. 

CLK_SPD 
141312 

o 0 0 - CPUCLK pin is an input, 
speed determined by external 
driving source 
(* Default value). 

o 0 1 - CPUCLK pin is an output, 
source divided by 1 
(* Default value). 

o 0 - OUT, source divided by 2. 

o 1 - OUT, source divided by 4, 
25% duty cycle. 

o 0 - OUT, source divided by 4, 
75% duty cycle. 

o -OUT, source divided by 8, 
12% duty cycle. 

o -OUT, source divided by 8, 
88% duty cycle. 

* Based upon the value of CLOCK_DIR_IN at 
power up (refer to Table 5-1, Figure 5-1 and 
section 5.1.2). 
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Bit 11 - AUT_FST, Automatic Processor Clock 
Speed Switching 
Featured only in the WD76C10ALP 

When automatic CPUCLK switching is enabled, 
the processor clock is switched between high 
and low clock speeds, depending upon activity. 
If the external TURBO signal is de-asserted 
when auto switching is enabled, the CPUCLK 
is normally at the alternate clock or slower 
rate. When speedup activity occurs,· the 
clock speed switches to the nominal clock 
rate, normally the higher, for a period of time 
determined by Table 4-2. When no further 
activity occurs, the clock speed switches 
back down to the alternate speed. If the ex
ternal TURBO signal is asserted, the clock 
rate is set to the nominal clock rate specified 
by the CLK_SPD field. 

A halt state also causes the clock rate to 
slow, unless the SCHH or SCH field is 
programmed to stop the clock. The clock 
restarts or returns to the faster rate when any 
interrupt occurs. 

Table 4-2 shows the activity that triggers a 
higher clock rate. 

AUT_FST = 0-
Automatic Clock Switching is disabled. 
TURBO determines whether CLK_SPD 
or ALT_CLK_SPD is to be used as the 
CPU clock. Refer to Table 4-1 for the 
appropriate selection, as determined by 
TURBO. 

AUT_FST = 1 -

--
TURBO 

0 
0 
1 
1 

Automatic CPUCLK Switching between 
CLK_SPD and ALT CLK_SPD is 
enabled when TURBO is de-asserted. 
CLK_SPD is selected when TURBO is 
asserted. Refer to Table 4-1. The 
EXT_HOLD field must be 0000 when 
AUTJST = 1. 

AUTO_FST CPU CLOCK SPEED 

0 ClK_SPD 
1 ClK_SPD 
0 AlT ClK SPD 
1 ClK~SPD-orAlT_ClK_SPD 

TABLE 4-1. CLOCK SWITCH SELECTION 

INITIALIZATION AND CLOCKING 

SPEEDUP ACTIVITY TIME PERIOD 

Hard disk interrupt, 1 second 
Hard disk or numeric 
processor I/O, 
SCSI, floppy, port B I/O 

Keyboard interrupt 1 second or 
until next video 
access 

Video access or processor reset 1 millisecond 

Any NMI or IRQ interrupt, 1 millisecond 
except keyboard or hard disk 

TABLE 4-2. SPEEDUP ACTIVITY 

Bits 10-08 - ALT_CLK_SPD, Alternate Clock 
Speed 
Featured only in the WD76C10ALP 

ALT_CLK_SPD 
10 09 08 

a a 

a a 
a 
a 

a 

a 

a -CPUCLK unchanged from 
CLK_SPD (Default value). 

1 - Equals source. 

a -Equals source div by 2. 

1 - Equals source div by 4, 
25% duty cycle. 

a - Equals source div by 4, 
75% duty cycle. 

1 - Equals source div by 8, 
12% duty cycle. 

a - Equals source div by 8, 
88% duty cycle. 

Bits 07-04 - EXT_HOLD, Extend Processor Hold 

Processor execution may be slowed for 
software compatibility by extending the 
processor hold request after refresh cycles. 
If the external TURBO signal is asserted, 
EXT_HOLD is forced to 0000. When the ex
ternal TURBO signal is de-asserted, the 
EXT_HOLD returns to its programmed value, 
allowing an external TURBO switch to slow 
the processing speed. 
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EXT_HOLD 
07060504 

0 0 

0 0 

0 0 

0 0 

0 

0 o - No hold extension, 
(Default value). 

0 1 - 1 I1s hold after refresh. 

1 o - 2 I1s hold after refresh. 

1 - 3 I1s hold after refresh. 

o 0 - 4 I1s hold after refresh. 

t 
o 1 - 13 I1s hold after refresh. 

1 0 - 14 I1s hold after refresh. 

1 1 - 15 I1s hold after refresh. 

Bits 03·02 • ReseNed for future use, must be set 
to zero 

Bit 01 • SCHH, Stop CPUCLK at next Halt and 
Hold. 
Featured only in the WD76C1 OALP 

SCHH is applicable only for 80C286 or 
Am386SXL type processors in which the 
clock may be stopped. This option should 
only be used when the clock source is the 
WD76C 1 OALP rather than an external os
cillator. 

Any unmasked processor interrupt, or NMI, 
restarts the CPUCLK. The SCHH bit remains 
set and the clock will be stopped again if a 
halt and hold condition is detected. The 
refresh rate may be as programmed by the 
Refresh Timer at Port Address 041 H, or at 
the slower rate selected by the Refresh Con
trol Register at Port 2072H. 

SCHH; 0-
Normal processor clock (default value). 

SCHH = 1 -
Stop processor clock at next halt and 
hold cycle. 

WD76C10AILPILV 

Bit 00 • SCH, Stop CPUCLK at next Hold 
Featured only in the WD76C1 OALP 

SCH is applicable only for 80C286 or 
Am386SXL type processors in which the 
clock may be stopped. This option should 
only be used when the clock source is the 
WD76C10ALP instead of an external oscil
lator. 

Any unmasked processor interrupt, or NMI, 
restarts the CPUCLK and sets the SCH bit to 
zero. DRAM refresh continues while the 
processor clock is stopped. The refresh rate 
may be as programmed by the Refresh Timer 
at Port Address 041 H, or at the slower rate as 
selected by the Refresh Control Register at 
Port 2072H. 

SCH = 0-
Normal processor clock (Default value). 

SCH = 1 -
Stop processor clock at next processor 
hold cycle. 
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5.0 AT BUS 
This section describes the logic required to control 
the interrupts and timing between the AT bus and 
the System Controller. 

5.1 INTERRUPT MULTIPLEXING 

To reduce the number of pins required, the System 
Controller generates and outputs the MXCTl2-0 
~nd DACKEN signals used by external logic to mul
tiplex the DACKs, DROs and IROs down to single 
inputs. See Figure 5-1. 

MXCTl2-0 are set to 100 during a System Reset 
(RSTIN) to provide a Bus Reset (BUS_RST), and 
to determine the ROM width (ROM8) and proces
sor clock (CPUClK) pin direction. See Table 5-1. 

5.1.1 Data Acknowledge DACK7-5, 3-0 

An external 74F138, 3 to 8 Decoder for desktop 
systems, or 74ACT138, 3 to 8 Decoder for laptop 
systems, uses MXCTl2-0 to generate the 
DACK7-5 and DACK3-0, which are applied to the 
AT bus. The unused combination develops the AT 
BUS_RST (bus reset). The decoder is enabled by 
the DACKEN signal from the System Controller. 

5.1.2 Data Request DRQIN 

The MXCTl2-0 signals are also used by an exter
nal 74F151, 8 to 1 Multiplexer for desktop sys
tems, or 74ACT151, 8 to 1 Multiplexer for laptop 
systems, to develop the DROIN signal received 
by the System Controller. The MXCLT2-0 signals 
are held stable during DMA transfers. 

Immedi~tely following a System Reset (RSTIN), 
DROIN Input 100 is sampled. If low, the proces
sor clock (CPUCLK) pin is an output. If high, the 
CPUClK starts as an output but is switched to an 
input shortly after RSTIN is de-asserted. See 
Table 5-1 and Figure 5-1. This controls the 
default value of ClK_SPD in the CPU Clock 
(CPUCLK) Control Register at Port 1072H. See 
section 4.2.4. 

AT BUS 

5.1.3 Interrupt Requests 

The Interrupt Requests are multiplexed by the 
WD76C30. The multiplexing is performed as 
shown in Table 5-1 and Figure 5-1, and provides 
the System Controller with the IROSET1 and 
IROSETO signals. 

DROIN, IROSETl and IROSETO are sampled by 
the System Controller at every rising edge of 
SYSClK2. This allows all DMA, ORO and IRO 
lines to be sampled within 500 ns, when SYSCLK 
is 8 MHz. 

The ROM8 input is sampled at the completion of a 
RSTIN to determine ROM data width (ROM8). 
The RESCPU and A20GT inputs come from the 
8042 keyboard controller. 

5.1.4 AT Address Bus, Data Bus And 
Terminal Count (TC) Signal 

The AT Address Bus SA 19-00 and BHE are 
generated from A 19-00 with external latches and 
tristate buffers. 

The AT Data Bus SD15-00 uses 015-00 and ex
ternal bidirectional buffers. 

The TC signal is generated by an external gate 
when DACKEN and CSEN are both asserted. 

5.2 POWER MANAGEMENT CONTROL 
PMCIN 

The power control signals are placed on the 
PMCIN input pin by way of an eight to one multi
plexer, controlled by the MXCTl2-0 signals from 
the System Controller. In the WD76Cl0A the 
TURBO signal may be connected directly to 
PMCIN. In the WD76Cl0AlP, the external 8:1 
MUX is always used. See Figure 5-1. Bits 14 
and 13 of Port 1872H (Section 5.3) control the 
power down of the processor and peripheral. 
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MXCTL DROIN DACKEN IROSETO IROSET1 PMCIN 
210 

000 
001 
010 
011 
1 00 

1 0 1 
1 1 0 
1 1 1 

--
DROO DACKO IR08 IR012 TURBO 
DROi DACKi IR09 IR01 PROC_PWR_GOOD 
DR02 DACK2 IROi0 A20GT LCL_RO or USER DEF. 
DRQ3 DACK3 IRQ11 IRQ3 USER DEF. 
CLOCK_ BUS_RST ROM8 IRQ4 USER DEF. 
DIR_IN 
DRQ5 DACK5 RESCPU IRQ5 USER DEF. 
DRQ6 DACK6 IRQi4 IRQ6 USER DEF. 
DRQ7 DACK7 IRQi5 IRQ7 USER DEF. 

TABLE 5-1. MXCTL2 - 0 DECODING 

IR08 0 

:..:.IR.:..::O:.=.9 __ "' 1 

,,-IRc.::;O,",-10"--_"'2 

!!..:IR""OC!...11'----_ _o�3 8: 1 
~RO~M~8~~_014 MUX 
RESCPU 5 

!!.IR""O!..!.14~_"'6 
IR015 7 

IROSETO 

MXCTL2 - ° 
DRO~O!..--_-lio~!"---J 
DRO"",1.!...-__ _oI1 

DR02 2 
DRO::o;3~ __ _oI DROIN 
CLOCK DIR IN 3 8: 1 1-__ _ 

4 MUX 

MXCTL2 - ° DR05 5 

IR012 a 
!!.IR""O!.!.1 __ -.j1 

""A2""0""G!.!.T_---..j2 
!!.IR=O=3 __ ... 3 8: 1 
!!.IR""O"",4 __ ... 4 MUX 
!!.IR""O!"'-5 __ ... 5 

!!.IR=O=6 __ ... 6 
IRO? 7 

IROSETl 

DACKO - 3 

DROll 6 

DRO? 7 

~ 3:: MXCTL2 ---'0"---___ --, 

'~~~-T~U:R-B~O~ ____ ~roo-l~ 
'\ PROC_PWR GOOD 1 

~ LCL_REO ___ -I2 

-----13 8: 1 I-_P_M_CI_N_ 
----14 MUX 
----15 

---"'6 
MXCTL2 - ° 

3 TO 8 
DECODER 

7 

ENABLE DACK5 - ? 

DACKEN 1 

FIGURE 5-1. MXCTL2-0 MULTIPLEXING 
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5.3 NUMERIC PROCESSOR 

5.3.1 Numeric Processor Busy, Bus Timing, 
And Power Down Register 

Port Address 1872H - Read and Write 

15 14 13 12 11 I 10 09 I 08 

NP PRO_ FPD BUS_MOD BRQ_DEL 
BSY PD 

07 I 06 05 04 03 I 02 01 I 00 

BAK_DEL WSI WSM WSI8 WSM8 
16 16 

Signal Default 
Name At RSTIN 
NP BSY . . . . . . . . . . . . .. 0 
PRO_PO i):( ....•.•....... 0 
Bit 12 ................. None 
FPD i):( ...........•..... 0 
BUS_MOD .............. 00 
BRQ_DEL 00 
BAK_DEL . . . . . . . . 11 
WSU6. ....... 0 
WSM 16 . . . . . . . 0 
WS18 ................. 10 
WSM8 ................. 10 

t? Featured only in the WD76C10ALP 

Bit 15· NP _BSY, Numeric Processor Busy 

NP _BSY must be set for systems using an 
80286 CPU where the CPU runs faster than 
the AT bus. The causes BUSYCPU to be 
asserted early during any CPU write to I/O 
ports F8H through FFH. BUSYCPU is de-as
serted at the end of the I/O write if the 
coprocessor has not asserted its own 
NPBUSY by this time. Early assertion of 
BUSYCPU is necessary to prevent a loss of 
synchronization between the 80286 and 
80287. Bit 15 is ignored when an 80386SX 
is used. 

NP _BSY = 0-
Force an early BUSYCPU for I/O writes 
to coprocessor addresses F8H through 
FFH. (Default value). 

NP _BSY = 1 -
Normal =B"'"'U=S~Y-=C=P~U assertion. 

AT BUS 

Bit 14· PRO_PO, Processor Power Down 
Featured only in the WD76C1 OALP 

When PRO_PD has been changed from zero 
to one, a power down sequence for the 80286 
or 80386SX processor will be initiated at the 
next Halt State and the expansion bus will 
continue to operate normally. The processor 
should not be powered down if DMA cycles 

. are likely to occur. When PRO_PD is set and 
a halt state occurs, the processor inputs are 
ignored and appear to the WD76C10ALP to 
be in the passive state. 

The input buffers connected to the processor 
signals do not consume power even if the 
processor signals do not reach ground. The 
internal pullups on inputs connecting to the 
processor are disabled to reduce power. 
PMC output 5 from Port 7072H (Processor 
Power Down) is set. This can be used to con
trol the power transistor and turn off the 
power to the processor. All outputs going to 
the processor will be tristated. 

When an unmasked interrupt, DRQ or NMI 
occurs, PMC output 5 is reset, re-powering 
the processor. A voltage comparator should 
be used to generate a Processor Power Good 
(PPG) signal. The PPG signal is sampled by 
bit 01 of the PMC Input Register at Port Ad
dress 8872H. When PPG is high, the outputs 
to the processor are driven and the processor is 
reset. 

PRO_PD = 0-
Normal processor power 
(Default value). 

PRO]D = 1 -
Start processor power down sequence. 

Bit 13 • FPD, Full Power Down 
Featured only in the WD76C1 OALP 

When FPD equals one and a halt state oc
curs, all processor and peripheral outputs ex
cept the PMC, DRAM controls and RA/ED 
bus are tristated and all inputs except RSTIN, 
CLK14 and PMC inputs are ignored. CAS 
before RAS refresh will be performed if 
enabled by Port 2072H. All circuitry except 
the PMC and refresh timer logic is stopped 
and PMC output 7 (Full Power Down) from 
Port 7072H is set. This enables the powering 
down of all chips except DRAM, 
WD76C10ALP, WD76C20, WD76C30 and 
WD90C20. The WD76C20 provides PDREF 
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(a 64 KHz refresh signal on input pin 117) 
during the power down mode. This signal is 
then gated by the System Controller to the 
REFRESH signal as an output on pin 32. 

When a PMC interrupt occurs, PMC output 7 
at Port 7072H is reset, enabling the power up 
sequence. A CPU RES and BUS_RST (see 
Figure 5-1) are asserted until the PMCIN 01 
PPG at Port 8872H input is high. The tristated 
outputs are restored and the inputs are no 
longer masked. 

FPD remains a 1 until replaced by a o. 
FPD = 0-

No power down (Default value). 

FPD = 1 -
Full power down and in standby mode. 

Bit 12 - Ignored by the System Controller, 
may be 0 or 1. 

Bits 11, 10 - BUS_MOD, Bus Mode 

The System Controller defaults to mode 00 at 
power up. Therefore, the bus clock (SYSCLK) is 
controlled by BCLK2 and is asynchronous with 
CPUCLK (see Figure 4-1). This allows 
CPUCLK to be faster than SYSCLK and vary 
without affecting the bus timing. Normally, 
BCLK2 is either 16 MHz or 32 MHz. 
SYSCLK is divided by two regardless of the 
mode selected by BUS_MOD, and if BCLK2 
is 16 MHz at power up, it is divided by two 
again, providing a SYSCLK clock rate of 4 
MHz until programmed to mode 01. In mode 
01, the SYSCLK rate is 8 MHz for a BCLK2 
of 16 MHz. Both mode 00 and 01 are 
asynchronous and require the appropriate 
synchronization delays to be established by 
BRQ_DEL and BAK_DEL of this register. 

In modes 10 and 11, the SYSCLK is synchro
nous with the CPUCLK and synchronization 
delays are not needed. The bus clock mode 
may need to be reprogrammed when the 
processor clock changes. 

Refer to Table 5-2 for the appropriate choices 
according to the CPU type and speed and AT 
bus speed employed. 

BUS_MOD 
11 10 

WD76C10AILPILV 

o 0 - Bus logic uses BCLK2 divided 
by 2 (Default value). 

o - Bus logic uses BCLK2 divided 
by 1. 

o - Bus logic uses CPUCLK 
divided by 2. 

- Bus logic uses CPUCLK 
divided by 1. 

Bits 09, 08 - BRa_DEL, Bus Request Delay 

An asynchronous AT bus state machine 
requires a synchronization delay at the start 
of the bus cycle. 

Refer to Table 5-2 for the appropriate choices 
according to the CPU type and speed and AT 
bus speed employed. 

BRQ_DEL 
0908 

o 0 - 1 Bus clock delay (Default value). 

o -.5 Bus clock delay. 

1 0 - No clock delay. 

- Reserved. 

Bits 07,06 - BAK_DEL, Bus Acknowledge Delay 

The AT bus state machine has several op
tions available for signaling the CPU control 
logic that an AT bus cycle has completed. 
The timing of this signal determines AT bus 
hold time for the data and address. Proper 
timing is determined by the CPU speed, AT 
bus speed and whether they are synchron
ous or asynchronous. The delay settings 
listed here are referenced to the trailing edge 
of the AT command strobe. 

Refer to Table 5-2 for the appropriate choices 
according to the CPU type and speed and AT 
bus speed employed. 

BAK_DEL 
0706 

0 0 - No delay. 

0 1 - -.5 Bus clock delay. 

0 - -1 Bus clock delay. 

1 - +.5 Bus clock delay 
(Default value) 
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Bit 05· WS116, Wait State for 16 bit 1/0 

WSI16=0-
1 Bus clock wait state (Default value). 

WSI16 = 1 -
2 Bus clock wait state 

Bit 04 • WSM16, Wait State for 16 bit Memory 

WSM16=0-
1 Bus clock wait state (Default value). 

WSM16 = 1-
2 Bus clock wait state. 

Bits 03, 02 • WSI8, Wait State for 8 bit I/O 

WSI8 
0302 

o 0 - 2 Bus clock wait state. 

o - 3 Bus clock wait state. 

o - 4 Bus clock wait state 
(Default value). 

- 5 Bus clock wait state. 

Bits 01, 00 • WSM8, Wait State for 8 bit Memory 

WSM8 
0100 

o 0 - 2 Bus clock wait state. 

o 1 - 3 Bus clock wait state. 

o - 4 Bus clock wait state 
(Default value). 

- 5 Bus clock wait state. 

CPU CPU AT BUS 
TYPE SPEED SPEED 

80286 25 MHz 8 MHz 
20 MHz 8 MHz 
20 MHz 10 MHz 
16 MHz 8 MHz 
12.5 MHz 8MHz 
10 MHz 10 MHz 
8 MHz 8 MHz 

80386SX 25 MHz 8MHz 
20 MHz 10 MHz 
20 MHz 8MHz 
16 MHz 8 MHz 
12.5 MHz 8MHz 

AT BUS 

5.3.2 Numeric Processor Busy (NPBUSY) 
Reset 

Port Address OFOH - Write only 

Writing any data to this port resets the 80287 busy 
signal (de-asserts NPBUSY). The data is ignored. 

15 3 10 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . . .. None 

5.3.3 Numeric Processor Reset (NPRST) 

Port Address OF1 H - Write only 

Writing any data to this port asserts NPRST and 
resets the 80287. The main processor is wait 
stated for 128 clocks when writing to this port. The 
data is ignored. 

17 
16 5 

Signal 
Name 

4 3 2 1 I 0 

Default 
At RSTIN 

All signals . . . . . . . . . . . . . .. None 

AT BUS BUS BRQ BAK 
MODE MOD DEL DEL 

ASYNC OX 00 00 
ASYNC OX 01 01 
SYNC 10 10 10 
SYNC 10 10 10 
ASYNC OX 01 10 
SYNC 11 10 10 
SYNC 11 10 10 
ASYNC OX 01 00 
SYNC 10 10 10 
ASYNC OX 01 00 
SYNC 10 10 10 
ASYNC OX 01 10 

TABLE 5·2. BUS TIMING PARAMETERS 
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5.4 DMA CONTROL 

The System Controller contains two OMA control
lers. OMA controller #1 is in the I/O address space 
from OOOH to OOFH and is used for 8-bit transfers. 
OMA controller #2 is in the I/O space from OCOH 
to OOEH and is used for 16-bit transfers. Channel 
o of OMA controller #2 is used to cascade OMA 
controller #1. Table 5-4 indentifies the Controller/
Channel location and function. 

AT Bus DMA 
DMAChannel Controller Transfer Type 

0 #1 Channel 0 8-bit 
1 #1 Channel 1 8-bit 
2 #1 Channel 2 8-bit 
3 #1 Channel 3 8-bit 
4 #2 Channel 0 Cascade DMA 

Cont. #1 
5 #2 Channel 1 16-bit 
6 #2 Channel 2 16-bit 
7 #2 Channel 3 16-bit 

TABLE 5-3. DMA TRANSFER TYPES 

5.4.1 Transfer Modes 

Each OMA channel may be programmed in Single 
Transfer Mode, Block Transfer Mode, Demand 
Transfer Mode or Cascade Mode. 

Refer to Section 5.4.12 - Mode Register, bits 7 
and 6 for programming. 

Demand Mode - 00 

In demand mode, a transfer continues to take 
place until ORO is de-asserted or a Terminal 
Count (TC) is reached. If the ORO is de
asserted, the bus will be released. If ORO is 
re-asserted, the transfer will resume. The ad
dress and word count behave as in single 
mode. 

Single Transfer Mode - 01 

In single transfer mode, the channel makes 
one transfer for each request. The word 
count is decremented, and the address is 
incremented or decremented at the end of 
each transfer. When the word count goes 
!rom OOOOH to FFFFH, a Terminal Count (TC) 
IS generated. To start a transfer, the ORO 
should be asserted until a OACK is received. 
If the ORO is asserted through the cycle, only 
one transfer will take place. The ORO must 
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be de-asserted and then re-asserted to start 
another transfer. The bus is released be
tween transfers. 

Block Transfer Mode - 10 

A transfer is started in block mode by a ORO 
and continues until a TC is reached. The 
ORO should be held active until OACK is 
asserted. Block mode should be used with 
caution since refresh is locked out. The address 
and word count behave as in single mode. 

Cascade Mode - 11 

Cascade mode is used to cascade OMA 
controller #2 to OMA controller #1, and for 
bus master transfers. A channel in cascade 
mode gets the bus when a ORO is asserted 
but the word count and address are ignored: 
The channel holds the bus until ORO is de
asserted. The lOR, lOW, MEMR and MEMW 
signals must be generated by the bus master 
device. The addresses from the System 
Controller are tristated when the MASTER 
signal is asserted. 

5.4.2 Transfer Types 

There are three types of transfers: verify, write 
and read. 

Refer to Section 5.4.12 - Mode Register, bits 3 
and 2 for programming. 

Verify - 00 

A verify transfer is a pseudo transfer that does 
not generate lOR, lOW, MEMR or MEMW 
signals. 

Write - 01 

A write transfers data from an I/O device to 
memory. 

Read -10 

A read transfers data from memory to an I/O 
device. 
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5.4.3 Autoinitialize 

A channel may be programmed to autoinitialize for 
any transfer type. In this mode, when a TC is 
reached, the channel is loaded with the original 
word count and address and is ready to start 
another transfer. 

Refer to Section 5.4.12 - Mode Register, bit 4 for 
programming. 

5.4.4 Priority 

Each DMA controller has two types of priority, 
fixed and rotating. For fixed priority, channel 0 
has the highest priority and channel 3 has the 
lowest. In rotating priority, the last channel to be 
serviced has the lowest priority. 

5.4.5 Extended Write 

In normal timing, the MEMR or lOR pulse is two 
clock cycles and the MEMW or lOW is one clock 
cycle. If extended write is selected, the MEMW or 
lOW will be the same as the MEMR or lOR. 

AT BUS 

5.4.6 Base and Current Address 

Each channel has a 16-bit base and current address 
register. The current address register is loaded 
from the base register when the base register is 
loaded or when in autoinitialize mode. The current 
address register is incremented or decremented 
during a transfer. 

Addresses are driven to the bus while REFRESH 
is asserted, indicating a refresh cycle. Only address 
bits A23-A 16 (from the page register) and bits 
A 1 O-AO (from the refresh counter) are meaningful 
during refresh. The address counter is incremented 
on the rising edge of REFRESH. 

5.4.7 Base and Current Word Count 

Each channel has a 16-bit base and current word 
count register. The current word count register is 
loaded from the base register when the base 
register is loaded or when in autoinitialize mode. 
The current word count is decremented during a 
transfer. 
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I/O Address ReadIWrite DMA Controller Function 
Hex 

000 ReadIWrite 1 Channel a Address 
001 ReadIWrite 1 Channel a Word Count 
002 ReadIWrite 1 Channel 1 Address 
003 ReadIWrite 1 Channel 1 Word Count 
004 ReadIWrite 1 Channel 2 Address 
005 ReadIWrite 1 Channel 2 Word Count 
006 ReadIWrite 1 Channel 3 Address 
007 ReadIWrite 1 Channel 3 Word Count 
008 Read 1 Status 
008 Write 1 Command Register 
009 Write 1 Request Register 
OOA Write 1 Single Mask 
OOB Write 1 Mode Register 
OOC Write 1 Clear Pointer 
000 Write 1 Master Clear 
OOE Write 1 Clear Mask 
OaF Write 1 Mask All 
080-09F DMA Page Register 
OCO ReadIWrite 2 Channel a Address 
OC2 ReadIWrite 2 Channel a Word Count 
OC4 ReadIWrite 2 Channel 1 Address 
OC6 ReadIWrite 2 Channel 1 Word Count 
OC8 ReadIWrite 2 Channel 2 Address 
OCA ReadIWrite 2 Channel 2 Word Count 
OCC ReadIWrite 2 Channel 3 Address 
aCE ReadIWrite 2 Channel 3 Word Count 
000 Read 2 Status 
000 Write 2 Command Register 
002 Write 2 Request Register 
004 Write 2 Single Mask 
006 Write 2 Mode Register 
008 Write 2 Clear Pointer 
aDA Write 2 Master Clear 
ODC Write 2 Clear Mask 
ODE Write 2 Mask All 
B872 Read 1,2 DMA Mode Shadow 

TABLE 5-4. DMA CONTROLLER/CHANNEL FUNCTION MAP 
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5.4.8 Command Register 

Port Addresses OOSH, ODOH - Write only 

The Command Register is reset by RSTIN or by 
writing any data to Port Address OODH or ODAH 
(see section 5.4.14). 

7 6 5 4 3 2 1 

EX_ RO_ o CO 
WR PRI 018-

Signal Default 
Name At RSTIN 
All signals .... . . . . . . . . . . 0 

Bits 7, 6 - Not used, state is ignored 

Bit 5 - EX_WR, Extended Write 

Bit 4 - RO_PRI, Rotating Priority 

Bit 3 - Must be set to a 

Bit 2 - CO_DIS, Controller Disabled 

Bits1, 0 - Not used, state is ignored 

5.4.9 Status Register 

Port Addresses OOSH, ODOH - Read only 

0 

Bits 3-0 are reset by RSTIN, writing any data to 
Port Address OODH or ODAH (see section 5.4.14) 
or when read by a Status Read Command. 

7 6 5 4 3 2 1 

CH3 CH2 CH1 CHO CH3_ CH2_ CH1 -
ORa- ORO ORa- ORa- TC TC TC 

Signal Default 
Name At RSTIN 
CH3 ORO - CHO ORO . . . None 
CH3::::TC - CHO_TC .......... ° 

Bit 7 - CH3_DRQ, Channel 3 ORO active 

Bit 6 - CH2_DRQ, Channel 2 ORO active 

Bit 5 - CH1_DRQ, Channel 1 ORO active 

Bit 4 - CHO_DRQ, Channel a ORO active 

0 

CHO 
TC 

AT BUS 

Bit 3 - CH3_ TC, Channel 3 has reached TC 

Bit 2 - CH2_ TC, Channel 2 has reached TC 

Bit 1 - CH1_ TC, Channel 1 has reached TC 

Bit ° -CHO_ TC, Channel a has reached TC 

5.4.10 Request Register 

Port Addresses 009H, OD2H - Write only 

Each channel may be started by a software request. 
These requests are not affected by the Mask 
Register. The· Request Register is reset by 
RSTIN or by writing any data to Port Address 
OODH or ODAH (see section 5.4.14). 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . . . . 0 

Bits 7-3 - Not used, state is ignored 

Bit 2 - CRQ, Channel Requested 

Bits 1, 0 - CHI, Channel Number Requested 

CHI 1 a 
a a -Channel a 
a 1 - Channel 1 

0- Channel 2 

1 - Channel 3 

5.4.11 Mask Registers 

Each channel has a mask bit associated with it. If 
it is set, the channel is disabled. The bits may be 
set or reset by software, or set by a Terminal 
Count (TC) if the channel is not in autoinitialize 
mode. All the bits are set by a RSTIN, or by 
writing any data to Port Address OODH or ODAH 
(see section 5.4.14). 
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5.4.11.1 Single Mask Register 

Port Addresses OOAH, OD4H - Write only 

Signal Default 
Name At RSTIN 
All signals ............ . 

Bits 7-3 - Not used, state is ignored 

Bit 2 - SE_MA, Set Mask 

SE_MA= 0-
Clear Mask 

SE_MA= 1 -
Set Mask 

Bits 1, 0 - CH#, Channel Number Requested 

CH# 1 0 

o 0 - Channel 0 

o 1 - Channel 1 

0- Channel 2 

1 - Channel 3 

5.4.11.2 Clear Mask Register 

Port Addresses OOEH, ODCH - Write only 

Writing any data to this register resets all Masks. 
The data is ignored. 

7 I 6 I 5 141 3 I 2 I 1 I 0 

Signal Default 
Name At RSTIN 
All signals ......... . . .. None 

Bits 7-0 - Not used, state is ignored 
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5.4.11.3 Mask Multiple Register 

Port Addresses OOFH, ODEH - Write only 

7 6 5 4 3 2 1 

CH3 CH2 CH1 - - -
MA MA MA 

Signal Default 
Name At RSTIN 
~I~gna~ ............. . 

Bits 7-4 - Not used, state is ignored 

Bit 3 - CH3_MA, Channel 3 Mask 

Bit 2 - CH2_MA, Channel 2 Mask 

Bit 1 - CH1_MA, Channel 1 Mask 

Bit 0 - CHO_MA, Channel 0 Mask 

5.4.12 Mode Register 

Port Addresses OOBH, OD6H - Write only 

0 

CHO -
MA 

This register selects the mode and type of transfer 
for each channel. Refer to sections 5.4.1 through 
5.4.1.4 for a description of the Transfer Modes, 
sections 5.4.2 through 5.4.2.3 for a description of 
the Transfer Types and section 5.4.3 for a descrip
tion of Autoinitialize. 

7 I 6 5 4 3 I 2 1 I 0 

TRA AD AUTO TRA_ CHA# 
MOD- DEC TYP SEL 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . . . . None 

Bits 7, 6 - TRA_MOO, Transfer Mode 

TRA_MOD 
7 6 

o 0 - Demand 

o 1 - Single 

0- Block 

1 - Cascade 
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Bit 5 - AD_DEC, Address Decrement 

AD_DEC = 0 
Address is incremented. 

AD_DEC = 1 
Address is decremented after each 
DMAcycle. 

Bit 4 - AUTO, Autoinitialize 

AUTO =0 
Autoinitialization is disabled. 

AUTO = 1 
Autoinitialization is enabled. 

Bits 3, 2 - TRA_TYP, Transfer Type 

TRA_TVP 
3 2 

o 0 - Verify 

o 1 - Write 

0- Read 

1 - Not used 

Bits 1, 0 - CHA#_SEL, Channel Select 

CHA#_SEL 
1 0 

o 0 - Channel 0 

o 1 - Channel 1 

0- Channel 2 

1 - Channel 3 

5.4.13 Clear Pointer Register 

Port Addresses OOCH, OD8H - Write only 

Each DMA controller has a pointer flip flop that 
indicates which half of the word count or address 
is being accessed. Each time a word count or 
address is written or read, the pointer changes 
state. When the flip flop is reset, bits 7-0 are ac
cessed, and when it is set, bits 15-8 are accessed. 
The pointer is reset by writing any data to the 
Clear Pointer Register, or to Port Address OODH or 
ODAH (see section 5.4.14). In either case, the 
data is ignored. 

ATBUS 

5 4 1 o 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . .. None 

Bits 7-0 - Not used, state is ignored 

5.4.14 Master Clear Rgister 

Port Addresses OODH, ODAH - Write only 

Writing any data to the Master Clear Register will: 

1. Clear the Command Register 
2. Clear the Status Register 
3. Clear the Request Register 
4. Set the Mask Register 
5. Clear the Pointer Flip-Flop 

All data is ignored. 

5 4 1 o 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . . .. None 

Bits 7-0 - Not used, state is ignored 
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5.4.15 DMA Mode Shadow Register 

Port Address B872H - Read only 

This register is particularly useful in laptop ap
plications by allowing the suspend/resume 
software to restore correct status to on-board 
devices. 

15 114 1 13 1 12 111 110 1 09 1 08 

DMA1MODE 

07 1 06 1 05 I 04 1 03 I 02 I 01 1 00 

Signal 
Name 

DMA2MODE 

DMA1 MODE ...... . 
DMA2MODE ...... . 

Bits 15-08 - DMA1 MODE 

Default 
At RSTIN' 

. ... 0 

. ... 0 

DMA 1 MODE contains a copy of the data 
written into the DMA 1 Mode Register located 
at I/O address OOBH (see Table 5-4). 

Bits 07-00 - DMA 2 MODE 

DMA 2 MODE contains a copy of the data 
written into the DMA2 Mode Register located 
at I/O address OD6H (see Table 5-4). 

5.5 SYSTEM CONTROLLER 8259 
INTERRUPT CONTROLLERS 

The System Controller contains two interrupt con
trollers. Interrupt controller #1 is in the I/O space 
of 020H to 021 H and interrupt controller #2 is in 
the I/O space of OAOH to OA 1 H. Interrupt 2 of 
interrupt controller #1 is used to cascade interrupt 
controller #2. 

5.5.1 Interrupt Sequence 

1. When an interrupt arrives from a peripheral 
device, the interrupt may only be programmed 
to be edge sensitive. In this mode, the inter
rupt must go low and high for each interrupt. 
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The interrupt sets the appropriate bit in the 
Interrupt Request Register (IRR). 

System Interrupt 
Use Interrupt Controller 

a #1 Level a Timer 
1 #1 Level 1 Keyboard 
2 #1 Level 2 Cascade 
3-7 #1 Level 3 -7 AT Bus 
8 #2 Level a RTC 
9-12 #2 Level 1-4 AT Bus 
13 #2 LevelS Co-Processor 
14-15 #2 Level 6-7 AT Bus 

TABLE 5-5. INTERRUPT SEQUENCE 

2. If the interrupt has not been masked off, it is 
passed to the priority circuit. There are three 
types of priority. 

Fixed 

In fixed priority, interrupt a has the highest 
priority and interrupt 7 has the lowest. 

Automatic Rotation 

In automatic rotation, the last interrupt serviced 
has the lowest priority. 

Specific Rotation 

In this mode, the lowest priority interrupt can 
be set by software. The next interrupt will have 
the highest priority. For example if interrupt 4 
is set to the lowest level, the priority will be 5, 
6,7, 0, 1,2,3 and 4. 

3. The interrupt controller sends an IRQ to the cpu. 

4. The CPU responds with an INTA cycle that 
freezes priority. 

5. The CPU sends another INTA, causing the in
terrupt controller to send a vector to the CPU, 
set the appropriate bit in the Interrupt Service 
Register (ISR) and clear the corresponding bit 
in the IRR, if it is in the edge triggered mode. 
As long as the bit in the ISR is set, all interrupts 
at the same level or lower are inhibited unless 
programmed for special mask mode. 
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6. An EOI is issued to end the interrupt. This 
clears the appropriate bit in the Interrupt Ser
vice Register. For the slave adapter (interrupt 
controller #2), two EOI's must be issued. 
There are three types of EOI's, Specific, Non
specific and Automatic. 

Specific 

An EOI is issued by software for a specific 
interrupt. 

Non-Specific 

A non-specific EOI is also issued by software. 
The hardware generates an EOI for the 
highest level·active interrupt. 

Interrupt Address 
Controller Hex 

1 020 
1 021 
1 021 
1 021 
1 021 
1 020 
1 020 
1 020 
1 020 
1 021 
1 020,021 
2 OAO 
2 OA1 
2 OA1 
2 OA1 
2 OA1 
2 OAO 
2 OAO 
2 OAO 
2 OAO 
2 OA1 
2 OAO,OA1 

AT BUS 

Automatic 

An automatic EOI is a non-specific EOI that is 
caused by the second INTA. 

The interrupt controllers may also be operated 
in a polled mode. In this mode, the CPU is set 
to disable the interrupt input. In this case, 
software must issue a poll command. This 
takes the place of an INTA, and the software 
can then read the interrupt level to determine 
the interrupt to be serviced. 

When cascading is used and the slave has 
issued an interrupt, other interrupts from the 
slave are locked out. If it is desired to preserve 
priority in the slave (i.e., allow higher interrupts 
to occur when a lower interrupt is being ser
viced), Special Fully Nested Mode should be 
programmed in the master. After a non-specific 
EOI has been sent to the slave, the ISR should 
be checked to see whether any other interrupts 
are active. If there are no interrupts active, a 
non-specific EOI should be sent to the master. 

Function Read/Write 

ICW1 Write 
ICW2 Write 
ICW3 Write 
ICW4 Write 
OCW1 Write 
OCW2 Write 
OCW3 Write 
IRR Read 
ISR Read 
Mask Read 
Interrupt Level Read 
ICW1 Write 
ICW2 Write 
ICW3 Write 
ICW4 Write 
OCW1 Write 
OCW2 Write 
OCW3 Write 
IRR Read 
ISR Read 
Mask Read 
Interrupt Level Read 

TABLE 5-6. INTERRUPT CONTROLLER FUNCTION MAP 
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5.5.2 5etup - Initialization Command Words 
(ICW) 

The interrupt controllers are set up by writing a 
series of Initialization Command Words (ICW). 
The sequence is started by writing a one to bit 4 
of ICW1. If ICW4 is to be included in the se
quence, a one must also be written to bit 0 of the 
ICW1. 

5.5.2.1 ICW1 - Initialization Command Word 1 

Port Addresses 020H, OAOH - Write only 

Bit 4 of this register must be set to 1 or it will be 
interrpreted as OCW2 or OCW3. 

7 6 

Signal 
Name 

5 4 

s_s 

3 2 

L_T 

1 

N 
C_M 

Default 
At RSTIN 

All signals ............... None 

Bit 7-5 - Not used, state is ignored 

Bit 4 - 5_5, Start Sequence 

S_S Must be set to 1 

Bit 3 - L_T, Level Trigger 

0 

lew 
4 

The Interrupt Controller may be programmed to 
support Level Sensitive Mode for diagnostic 
adapters which may need to test this capability. 

L_T = 0-
Edge Triggered Mode is selected. 

L_ T = 1 -
Level Triggered Mode is selected. 
EN_LVL (bit 00) in Port A872H must 
first be set to 1. 

Bit 2 - Not Used, state is ignored 

Bit 1 - N C_M, Not Cascade Mode 

N C_M = 0-
Cascade Mode selected 

N C_M = 1 -
Single Mode selected 
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Bit 0 - ICW4, Initialization Control Word 4 

ICW4 = 0-
ICW4 not included in sequence 

ICW4 = 1 -
ICW4 is included in sequence 

5.5.2.2 ICW2 - Initialization Command Word 2 

Port Addresses 021 H, OA 1 H - Write only 

7 j 6 

Signal 
Name 

J 5 1 41 3 

Interrupt 
Vector 

All signals .......... . 

Bits 7-3 - Interrupt Vector 

2 

Bits 2-0 - Not used, state is ignored 

1 

Default 
At RSTIN 
. None 

0 

5.5.2.3 ICW3 - Initialization Command Word 3 

Port Addresses 021 H - Write only 

This address accesses only Interrupt Controller 1. 

7 6 5 4 3 2 1 

0 0 0 0 0 12 0 
H_L 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . .. None 

Bits 7-3 - Not used, must be set to 0 

Bit 2 -12 H_L, Interrupt 2 Has Slave 

12 H_L = 0-
Interrupt 2 does not have the Slave 

12 H_L = 1 -
Interrupt 2 has the Slave 

Bits 1-0 - Not used, must be set to 0 

0 

0 
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Port Addresses OA 1 H - Write only 

This address accesses only Interrupt Controller 2. 

7 6 5 4 3 2 1 1 10 
0 0 0 0 0 Slave ID 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . . None 

Bits 7-3 - Not used, must be set to 0 

Bits 2-0 - Slave 10 

5.5.2.4 ICW4 - Initialization Command Word 4 

Port Addresses 021 H, OA 1 H - Write only 

A Slave does not have ICW4. 

7 6 5 4 3 2 1 

0 0 0 SF 0 0 AUT 
NM EOI 

Signal Default 
Name At RSTIN 
All signals ... . . . . . . . . . . None 

Bits 7-5 - Not used, must be set to 0 

Bit 4 - S F N M, Special Fully Nested Mode 

SFNM=O-
Not Special Fully Nested Mode 

SFNM=1-
Special Fully Nested Mode 

Bits 3-2 - Not used, must be set to 0 

Bit 1 - AUT_EOI, Auto End Of Interrupt 

AUT_EOI = 0-
Normal End Of Interrupt 

AUT_EOI = 1 -
Automatic End Of Interrupt 

Bit 0 - Not used, must be set to 1 

0 

1 

AT BUS 

5.5.3 Operation 

Once the interrupt controllers are set up, they may 
be programmed by Operation Control Words One 
through Three (OCW1 :3). 

5.5.3.1 OCW1 - Operation Control Word 1 

Port Address 021 H, OA 1 H - Write only 

7 6 

INT INT 
7_M 6_M 

Signal 
Name 

5 4 3 

INT INT INT 
5_M 4_M 3_M 

All signals ......... . 

Bit 7 - Interrupt 7 Mask 

Bit 6 - Interrupt 6 Mask 

Bit 5 - Interrupt 5 Mask 

Bit 4 - Interrupt 4 Mask 

Bit 3 - Interrupt 3 Mask 

Bit 2 - Interrupt 2 Mask 

Bit 1 - Interrupt 1 Mask 

Bit 0 - Interrupt 0 Mask 

2 

INT 
2_M 

1 

INT 
1_M 

Default 
At RSTIN 

. .. None 

0 

INT 
O_M 

4-40 ADVANCED INFORMATION 11/25/91 



AT BUS 

5.5.3.2 OCW2 - Operation Control Word 2 

Port Address 020H, OAOH - Write only 

7 I 6 I 5 4 3 2 I 1 10 
EOI_CONT 0 0 INT_LEV 

Signal Default 
Name At RSTIN 

All signals ............... None 

Bits 7-5 - EOI_CONT, End Of Interrupt 

EOLCONT 
7 6 5 

o 0 0 - Clear Rotate On 
Automatic EOI 

0 0 1 - Non-specific EOI 

0 0- Not used 

0 1 - Specific EOI 

0 o -Set Rotate on 
Automatic EOI 

0 1 - Rotate on Non-
Specific EOI 

o -Set Priority 

1 - Rotate on Specific EOI 

Bits 4, 3 - Must be set to 0 

Bits 2-0 - INT _LEV, Interrupt Level 

To enable the setting of the interrupt level 
(INT_LEV), EOI_CONT must be set to 1 1 0 
(Set Priority). 

INT_LEV 
2 1 0 

o 0 0 - Interrupt Level 0 

t 
1 - Interrupt Level 7 
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5.5.3.3 OCW3 

Port Address 020H, OAOH - Write only 

7 6 I 5 4 3 2 1 ) 0 

0 SMM 0 1 P_C IRR_ISR 

Signal Default 
Name At RSTIN 

All signals . . . . . . . . . . . . . . . None 

Bit 7 - Must be set to 0 

Bits 6, 5 - SMM, Special Mask Mode 

SMM 
6 5 

o 0 Not used 

o Not used 

o Reset Special Mask Mode 

1 Set Special Mask Mode 

Bit 4 - Must be set to 0 

Bit 3 - Must be set to 1 

Bit 2 - P _C, Poll Command 

P _C = 0-
No Poll Command 

P _C = 1 -
Poll Command 

Bits 1-0 -IRR_ISR, Interrupt Request Register 
and Interrupt Service Register 

IRR_ISR 
1 0 

o 0 - Not used 

o 1 - Not used 

o -Read Interrupt Request Register 

1 - Read Interrupt Service Register 
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5.6 SYSTEM CONTROLLER 8254 TIMER 

The System Controller contains an 8254 
equivalent timer containing three independent 
counters. All the timers run off of a 1.19 MHz 
clock derived from the 14.318 MHz clock input. 
The GATEO and GATE1 signals are tied high. 
The GATE2 signal is tied to register 61 H, bit o. 
The counters decrement when counting. The 
largest possible count is o. 

I/O 
Address 

040H 
041H 
042H 
043H 

Timer 
Channel 

AT BUS 

Use Read/Write 

Timer 0 Count/Status Read/Write 
Timer 1 Count/Status ReadlWrite 
Timer 2 Count/Status Read/Write 
Control Word Write 

Use Each counter may be programmed for different 
counting modes and the count may be read back. 
To initialize a counter, the Control Word must be 
written, followed by one or two bytes of count if 
needed. Refer to Table 5-7 for the correct Control 
Word Format. Each counter may be programmed to 
count in BCD or binary. 

0 Time of Day (Interrupt) 
1 Refresh Request 
2 Speaker 

CONTROL WORD (FORMAT 1) -I/O Address 043H - Counter Latch Command 

0 BCD 
1-3 Mode 000 Mode 0 

001 Mode 1 
X10 Mode 2 
X11 Mode 3 
100 Mode 4 
101 Mode 5 

4-5 Function 00 Counter Latch Command 
01 ReadlWrite Low Byte 
10 ReadlWrite High Byte 
11 ReadlWrite Low Byte then High Byte 

6-7 Counter 00 Counter 0 
01 Counter 1 
10 Counter 2 

CONTROL WORD (FORMAT 2) - I/O Address 043H - Read Back Command 

0 0 
1 Select Counter 0 
2 Select Counter 1 
3 Select Counter 2 
4 Latch Status 
5 Latch Count 
6-7 11 

TABLE 5-7. CONTROL WORD FORMAT 
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5.6.1 Setup 

Each counter may be set in one of six modes by 
writing a Control Word (format 1). The Control Word 
must specify the counter and the number of count 
bytes to be written. A new count may be written at 
anytime. 

5.6.1.1 Mode 0 Interrupt on Terminal Count 

The counter starts when the count is loaded. 
When the count = 0, the counter continues count
ing from FFFFH in binary mode or 9999 in BCD 
mode. GATE = 1 enables counting. GATE = ° 
disables counting. 

OUT goes low when the counter starts. It goes 
high when the count = 0, and stays high until a 
new count or mode is written. 

If a new count is written while the counter is 
counting, it will be loaded on the next clock pulse. 

5.6.1.2 Mode 1 Hardware Retriggerable One 
Shot 

The counter starts when GATE goes from low to 
high. When the count = 0, the counter continues 
counting from FFFFH in binary mode or 9999 in 
BCD mode. 

~ny time GATE goes from low to high, the counter 
IS reloaded with the original count and the counter 
started. 

OUT goes low when GATE goes from low to high. 
It goes high when the count = 0. If a new count is 
written while the counter is counting, it will be 
loaded the next time GATE goes from low to high. 

5.6.1.3 Mode 2 Rate Generator 

The counter starts when the count is loaded. 
When the count = 0, the counter is reloaded and 
the counter is started again. GATE = 1 enables 
counting. GATE = ° disables counting. If GATE 
goes from low to high, the counter is reloaded. 

OUT is initially high. When the count = 1, OUT 
goes low for one clock. 
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If a new count is written while the counter is 
counting, it will be loaded the next time the count 
= ° or when GATE goes from low to high. 

5.6.1.4 Mode 3 Square Wave Generator 

The counter starts when the count is loaded. 
When the count = 0, the counter is reloaded and 
the counter started again. GATE = 1 enables 
counting. GATE = ° disables counting. If GATE 
goes from low to high, the counter is reloaded. 

When the counter starts, OUT is high. When the 
count is half done, OUT goes low. If GATE goes 
low then OUT will go high. 

If a new count is written while the counter is 
counting, it will be loaded the next time the count 
= ° or when GATE goes from low to high. 

5.6.1.5 Mode 4 Software Triggered Strobe 

The counter starts when the count is loaded. 
When the count = 0, the counter continues count
ing from FFFFH in binary mode or 9999 in BCD 
mode. GATE = 1 enables counting. GATE = ° 
disables counting. OUT is initially high. When the 
count = 0, OUT goes low for one clock. 

If a new count is written while the counter is 
counting, it will be loaded on the next clock pulse. 

5.6.1.6 Mode 5 Hardware Triggered Strobe 

The counter starts when the count is loaded. When 
the count = 0, the counter continues counting from 
FFFFH in binary mode or 9999 in BCD mode. GATE 
= 1 enables counting. GATE = ° disables counting. 
If GATE goes from low to high, the counter is 
reloaded. OUT is high when the counter starts. 
When count = 0, OUT goes low for one clock. If a 
n~w count is written while the counter is counting, it 
will be loaded the next time the count = ° or when 
GATE goes from low to high. 
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5.6.2 Reading The Counter 

There are three ways of reading the counters: 

1. The count is read directly. This mode can 
cause false readings due to the fact that the 
counter may be changing while it is read. 

2. The count may be read via a Counter Latch 
Command. (See Control Word format 1). This 
command latches the count so that it may be 
read without changing. 

3. The count may be read via a Read Back Com
mand. (See Control Word format 2). This 
command is the equivalent of multiple Counter 
Latch Commands. 

5.6.3 Reading Status 

The status of a counter may be read by issuing a 
Read Back Command with data bit 4 = O. (See 
Control Word format 2). Bits 0-5 are the same as 
the command word for the counter. Bit 6 tells 
whether the last count that was written has been 
loaded into the counter. Bit 7 reflects the state of 
the OUT pin. 

STATUS 
WORD 

0 BCD 
1-3 Mode 
4-5 Function 
6 New Count Written 
7 Out Status 

ATBUS 

5.6.4 Page 

The page register is an 8-bit by 16-byte dual
ported RAM. It is used during refresh cycles and 
to generate address bits 16 to 23 for 8-bit DMA 
transfers and address bits 17 to 23 for 16-bit DMA 
transfers. One port of the RAM is a read-only port 
for DMA or refresh cycles and the other is a 
read/write port for the 80286 CPU. 

5.6.5 Refresh Address 

This block contains an 11-bit counter that is used 
for the address during a refresh. 
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5.7 SYSTEM CONTROLLER DECODE 

Address Decodes 
9 8 7 6 5 4 3 2 1 0 

0 0 0 0 0 X X X X X DMA Controller 1 (Ch 0-3) 
0 0 0 0 1 X X X X X Interrupt Controller Master 
0 0 0 1 0 X X X X X Timer 
0 0 0 1 1 0 X X X 1 Port B (PIO) 
0 0 0 1 1 1 X X X 0 Real-Time Clock (Address) 
0 0 0 1 1 1 X X X 1 Real-Time Clock (Data) 
0 0 1 0 0 X X X X X Page Register (except 092H) 
0 0 1 0 0 1 0 0 1 0 ALT 20 GATE, Hot Reset 
0 0 1 0 1 X X X X X Interrupt Controller Slave 
0 0 1 1 0 X X X X X DMA Controller 2 (Ch 4-7) 

TABLE 5-8. DECODE ADDRESSES 

5.7.1 Page Register Decodes 

Address Decode 

0087H DMA Channel 0 
0083H DMA Channel 1 
0081H DMA Channel 2 
0082H DMA Channel 3 
008BH DMA Channel 5 
0089H DMA Channel 6 
008AH DMA Channel 7 
008FH Refresh 

TABLE 5-9. PAGE REGISTER 
DECODES 

NOTE 
Page register data appears on address 
bits A23-A 16 during refresh and 8-bit 
DMA cycles. For 16-bit DMA cycles 
(channels 5-7), the LSB of the page 
register does not appear. 

ADVANCED INFORMATION 11125/91 

Hex 

OOO-OOF 
020-03F 
040-05F 
061-06F (odd) 
070-07E (even) 
071-07F (odd) 
080-09F 
092 
OAO-OBF 
OCO-ODF 
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5.8 NMI AND REAL-TIME CLOCK 

5.8.1 Real-Time Clock Address Register 

Port Address 070H-07EH even - Write only 

There is only one RTC Address Register. All even 
number addresses from 070H through 07EH ac
cess this register. 

7 6 5 4 3 2 1 0 

0 RTC RTC RTC RTC RTC RTC RTC 
NMI A6 A5 A4 A3 A2 A1 AO 

Signal Default 
Name At RSTIN 
D_NMI ................. 1 
RTC6 - RTCO ........... . . None 

Bit 7 - D_NMI, Disable Non-Maskable Interrupt 

D_NMI = 0-
Non-Maskable Interrupt enabled 

D_NMI = 1 -
Non-Maskable Interrupt disabled 
(Default value) 

Bits 6-0 - RTCA6 through RTCAO, Real-Time 
Clock Address 

RTCA6 through RTCAO provide the 128 ad
dresses of the Real-Time Clock area. The 
data selected by this address is available by 
reading the RTC Data Register at the odd 
numbered locations, 071 H-07FH. 

071H-07FH 

Data l 
,----I ~ 

070H-07EH 

7FH 

128 Bytes 
Real 
Time 
Clock 

Including 

8 Bytes 
Password 

OOH 

AT BUS 

5.8.2 Real-Time Clock Data Register 

Port Address 071 H-07FH odd - Read and Write 

There is only one RTC Data Register. All odd 
number addresses from 071 H through 07FH ac
cess this register. 

Data is transferred between this register and the 
memory location selected by the RTC Address 
Register. The data bus used is selected by bit 15 
of the register at Port Address 2872H (refer to 
section 7.2). 

Real-Time Clock Data 

5.8.3 Lock Pass, Alternate A20G And Hot Reset 

Port Address 092H - Read and Write 

7 6 5 4 3 2 1 0 

LOCK ALT HO~_ 
PASS A20G RST 

Signal 
Name 

Default 
At RSTIN 

Bits 7-4, 2 ........... . 
LOCK_PASS ......... . 
ALT_A20G .... . 
HOT_RST ............. . 

Bit 3 - LOCK_PASS 

None 
o 
o 
o 

LOCK_PASS is used to prevent access to 
the eight byte password located in the Real
Time Clock area. The protected addresses 
are 38H through 3FH. Before LOC~PASS 
can be set, bit 02 of the register at Port Address 
2872H must be set to O. Once LOCK_PASS is 
set, it can only be reset by RSTIN. 

LOCK_PASS = 0 -
The eight byte password area is acces
sible. 

LOCK_PASS = 1 -
The eight byte password area is not 
accessible. 
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Bit 1 - ALT_A20G, Alternate A20 Gate 

Normally, the state of AL T _A20G is ORed 
with the external A20GT signal. If either 
ALT_A20G or A20GT is high, the A20 line is 
ungated. If both ALT-A20G and A20GT are 
low, A20 will be gated low. 

As an option, ALTy.20G may be programmed 
by the Diagnostic Register at Port Address 
9872H to automatically change state to 
match that of the Keyboard's A20GATE. 

Bit 0 - HOT_RST, Hot Reset 

A processor reset {CPU RES) is generated 
128 CPUCLKs after the HOT _RST changes 
from a 0 to 1. The CPU RES is 16 clock pulses 
wide. 

5.9 PARITY ERROR AND 1/0 CHANNEL 
CHECK 

Port Address 061 H- 06FH odd 
Bits 7-4 - Read only, Bits 3-0 - Read and Write 

Odd numbered Port Addresses 061 H through 
06FH provide access to parity error and 1/0 Chan
nel Check of the expansion bus. 

7 6 5 4 3 2 1 0 

PE lOCK OUT REF D D ENS TMR 
2 DT IOC PE PK 2G 

Signal Default 
Name At RSTIN 
PE ................... 0 
lOCK ................. 0 
OUT2 ................. NA 
REFDT ................ 1 
D lac ................. 0 
D-PE ................. 0 
ENSPK ................ 0 
TMR2G ................ 0 
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Bit 7 - PE, Parity Error (read only) 

PE = 0-
No Parity Error 

PE = 1 -
Parity Error 

Bit 6 - lOCK, 1/0 Channel Check from the 
expansion bus (read only) 

lOCK = 0-
No 1/0 Channel Check Error 

lOCK = 1 -
1/0 Channel Check Error 

Bit 5 - OUT2, from timer channel 2 (read only) 

OUT2 represents the state of the Timer 2 
output. 

Bit 4 - REFDT, changes state on each refresh 
(read only) 

Bit 3 - D_IOC, Disable 1/0 Channel Check (read 
and write) 

D_IOC = O-
1/0 channel check from the expansion 
bus is not disabled. 

D_IOC = 1 -
1/0 channel check from the expansion 
bus is disabled. 

Bit 2 - D_PE, Disable Parity Error Check (read 
and write) 

D_PE = 0-
Parity error checking not disabled. This 
may be overridden by Port Address 
register 6072H, bit 10 for systems without 
parity RAM. 

D_PE = 1 -
Parity error checking disabled 

Bit 1 - ENSPK, Enable Speaker 

ENSPK= 0-
Speaker is not enabled 

ENSPK = 1 -
Speaker is enabled 

Bit 0 - TMR2G, Gate for Timer Channel 2 

TMR2G = 0-
Timer Channel 2 gated low 

TMR2G = 1 -
Timer Channel 2 output enabled 
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6.0 MEMORY AND EMS CONTROL 
This section describes the DRAM address bus 
and the EMS memory configuration and control 
registers. 

6.1 DRAM ADDRESS AND DATA BUS 

The memory address bus is multi-functional. 
During DRAM cycles, the DRAM row and column 
addresses are present on RA10 through RAO. 
During I/O cycles, RA 10, RA9 and RA8 become 
CS2, CS1 and CSO and, along with CS3, are 
used to decode 16 possible Chip Selects. Also, 
during I/O cycles to devices such as the Keyboard 
Controller, RA7 through RAO become the Data 
Bus bits ED7 through EDO. 

The RAS and CAS lines are designed to drive the 
DRAM array directly without the use of external 
drivers. RA 10 through RAO are capable of driving 
350 pF, the equivalent load of two banks of one bit 
wide RAM, plus two banks of four bit wide RAM 
(48 DRAMs). 

MEMORY AND EMS CONTROL 

The W/R signal at pin 119 should be buffered 
before use. Write protection is accomplished by 
not asserting CAS to the local DRAM while 
MEMW at pin 37 is asserted. 

The on-board DRAM may be disabled so that ex
ternal cards such as EMS may provide memory. 
The DRAM may be disabled in three stages, from 
128 Kbyte to 640 Kbyte, 256 Kbyte to 640 Kbyte 
and 512 Kbyte to 640 Kbyte. 

When disabling anyon-board DRAM, the register 
at Port Address 6872H must not be programmed 
to enable the on-board Lower EMS Page Frame. 

The WD76C10A and WD76C10ALP provide sup
port for DRAM banks to be independent or two
way page interleaved. DRAM banks that are 
interleaved must be of the same DRAM size. 
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6.2 MEMORY CONFIGURATION 

6.2.1 Memory Control 

Port Address 3872H - Read and Write 

15 14 13 I 12 11 10 1 09 1 08 

PG CA PG ILV 
CAS 

07 106 05 I 04 03 I 02 01 I 00 

SIZE SIZE SIZE SIZE 
BNK3 BNK2 BNK1 BNKO 

Signal Default 
Name At RSTIN 
PG_CAS . . . . 0 
CA . . . . . . . . . 00 
PG . . . . . . . . . 0 
ILV . . . . . . . . . 00 
SIZE_BNK3 . . . . . . . . 00 
SIZE BNK2 . . . . . . . . 00 
SIZ(::BNK1 .............. 00 
SIZE_BNKO .............. 00 

Bit 15 - PG_CAS, Page Mode CAS Width 

PG_CAS = 0 - Read CAS pulse width is 2.5 
CPUCLK clocks (Default value). 

PG_CAS = 1 - Read CAS pulse width is 2 
CPUCLK clocks. This is required for 
80386SX Pipeline mode. 

Bit 14 - Reserved for future use, should be set to o. 

Bits 13,12 - CA, Cache Mode 

Enabling the Cache Mode adds an additional 
wait state to the beginning of on-board read 
cycles. On-board read cycles occur only for 
cache misses. If the RDYIN signal indicates 
that the external cache has experienced a 
zero wait state read hit, the DRAM read cycle 
is aborted. 

Pin 51 of the System Controller serves one of 
three functions, depending upon the mode 
selected by CA. Pin 51 may represent the 
RDYIN (Ready In), CKA (Alternate Clock) or 
PE (Parity Error). 

WD76C10AILPILV 

When CA is changed, a hold acknowledge 
cycle is required before the change goes into 
effect. 

CA 1312 

o 0 - Cache Mode not enabled. 
Pin 51 may be used as the 
alternate clock CKA. 
(Default value) 

o 1 - Cache Mode enabled. RDYIN 
at pin 51 indicates discrete 
cache hit or miss. 

1 0 - External Memory Controller. 
Pin 51 becomes PE and is 
connected to the parity error 
line of the Discrete Cache 
controller. 

1 1 - External Memory Controller. 
Pin 51 may be used as the 
alternate clock CKA. When 
CAS Input Mode is enabled, 
PE on pin 13 becomes an input 
and represents an error. (See 
pin 12 description in Table 3-2 
on selecting CAS Mode.) 

Bit 11 - PG, Page Mode 

PG = 0 - Non-page mode (Default value) 
Word interleaving is employed when 
bank interleaving is enabled by ILV. 

PG = 1 - Page mode 
Page mode interleaving is performed 
when bank interleaving is enabled by I LV. 

Bits 10-08 -ILV, Interleave 

In Non-page Mode (PG = 0), word interleav
ing is employed. In Page Mode (PG = 1), 
Page Mode interleaving is used. Four way 
interleave is only supported in Page Mode 
with four banks of 4 Mbit x 16 DRAMs in
stalled. Interleave of 64 Kbit x 16 DRAM is 
not supported by any of the System Control
lers. 

DRAM banks must be of the same size and 
assigned the same starting address when 
they are interleaved together. 
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ILV 100908 

o 0 0 - No interleaving performed 
o 0 1 - Banks 0 and 1 are interleaved 

Banks 2 and 3 are not 
interleaved 
Banks 0 and 1 must be the 
same size 

o 0 - Banks 0 and 1 are not 
interleaved 
Banks 2 and 3 are interleaved 

o 1 1 - Banks 0 and 1 are interleaved 
Banks 2 and 3 are interleaved 
(Each pair must be the same 
size. Banks 0 and 1 may be 
a different size from Banks 2 
and 3.) 

1 0 0 - Page Mode four way interleave 
(Banks 0, 1, 2 and 3 must have 
4 Mbit x 16 DRAM installed.) 

Bits 07, 06 - SIZE_BNK3, Size of Bank 3 

The WD76C10A and WD76C10ALP support 
all DRAM sizes. The DRAM sizes may be 
mixed. 

SIZE_BNK3 
0706 

o 0 
o 1 
1 0 
1 1 

- 64 Kbit x 16 (Default value) 
- 256 Kbitx 16 

1 Mbitx16 
- 4 Mbit x 16 

MEMORY AND EMS CONTROL 

Bits 05, 04 - SIZE_BNK2, Size of Bank 2 

The WD76C10A and WD76C10ALP support 
all DRAM sizes. The DRAM sizes may be 
mixed. 

SIZE_BNK2 
0504 

o 0 - 64 Kbit x 16 (Default value) 
o 1 - 256 Kbit x 16 
1 0 - 1 Mbit x 16 
1 1 - 4 Mbit x 16 

Bits 03, 02 - SIZE_BNK1, Size of Bank 1 

The WD76C10A and WD76C10ALP support 
all DRAM sizes. The DRAM sizes may be 
mixed. 

SIZE_BNK1 
0302 

o 0 - 64 Kbit x 16 (Default value) 
o 1 - 256 Kbit x 16 
1 0 - 1 Mbit x 16 
1 1 - 4 Mbit x 16 

Bits 01, 00 - SIZE_BNKO, Size of Bank 0 

The WD76C10A and WD76C10ALP support 
all DRAM sizes. The DRAM sizes may be 
mixed. 

SIZE_BNKO 
0100 

o 0 - 64 Kbit x 16 (Default value) 
o 1 - 256 Kbitx 16 
1 0 - 1 Mbit x 16 
1 1 - 4 Mbit x 16 
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6.2.2 Memory Bank 3 Through Bank 0 
Starting Address 

Port Address 4872H - Read and Write 

15 114 1 13 1 12 1 11 1 10 1 09 1 08 
A24 A23 A22 A21 A20 A19 A18 A17 

Bank 1 start address 

07 I 06 I 05 I 04 I 03 I 02 '01 '00 
A24 A23 A22 A21 A20 A19 A18 A17 

Bank 0 start address 

Port Address 5072H - Read and Write 

15 114 1 13 1 12 1 11 1 10 1 09 1 08 
A24 A23 A22 A21 A20 A19 A18 A17 

Bank 3 start address 

07 1 06 1 05 1 04 1 03 1 02 1 01 1 00 
A24 A23 A22 A21 A20 A19 A18 A17 

Bank 2 start address 

WD76C1OAILPILV 

The starting address of the bank must be 
programmed on boundaries corresponding to the 
bank size. Smaller banks must be placed at a 
higher starting address than larger banks. The size 
of the bank is automatically set by the type and size 
of the RAM. When banks are interleaved, in either 
page or non-page mode, the interleaved banks 
should be enabled and programmed to the same 
starting address. 

The bank size is doubled for two-way interleave and 
quadrupled for four-way interleave. For example, if 
bank 0 has 256 Kbit DRAMs and banks 2 and 3 
have 1 Mbit DRAMs, the starting address for 
banks 2 and 3 should be zero. Both banks should 
be enabled. The size of the combined banks is 4 
Mbytes, double the size of the individual banks. 
The starting address for bank 0 should then be at 
4 Mbytes. For three banks of the same size, in 
which two are interleaved, the two interleaved 
banks must be placed at a lower starting address 
than the third bank. 

RAM SIZE PAGE SIZE BANK SIZE 

64 Kbits X 1 512 Bytes 128 Kbytes 
256 Kbits X 1 1024 Bytes 512 Kbytes 
1 Mbits X 1 2048 Bytes 2048 Kbytes 
4 Mbits X 1 4096 Bytes 8192 Kbytes 
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6.2.3 Split Starting Address 

Port Address 5872H - Read and Write 

15 14 13 12 11 I 10 09 I 08 

EN EN EN EN DRAM SPLIT -
BK3 BK2 BK1 BKO DRV SIZE 

07 I 06 I 05 I 04 I 03 I 02 01 I 00 

A24 A23 A22 A21 A20 A19 

Signal Default 
Name At RSTIN 
EN_BK3 . . . . . . 0 
EN_BK2 . . . . . . 0 
EN_BK1 . . . . . . 0 
EN BKO . . . . . . 0 
DRAM DRV .............. 00 
SPLIT .J;IZE . . . . . . . . . . . . . . 00 
Bits 01, 00 . . . . . . . . . . . .. None 

Bit 15 - EN_BK3, Enable Bank 3 

EN_BK3 = 0-
Bank 3 is disabled (Default value) 

EN_BK3 = 1 -
Bank 3 is enabled 

Bit 14 - EN_BK2, Enable Bank 2 

EN_BK2 = 0-
Bank 2 is disabled (Default value) 

EN_BK2 = 1 -
Bank 2 is enabled 

Bit 13 - EN_BK1, Enable Bank 1 

EN_BK1 = 0-
Bank 1 is disabled (Default value) 

EN_BK1 = 1 -
Bank 1 is enabled 

Bit 12 - EN_BKO, Enable Bank 0 

EN_BKO = 0-
Bank 0 is disabled (Default value) 

EN_BKO = 1 -
Bank 0 is enabled 

Bits 11, 10 - DRAM_DRV, DRAM Driver Strength 

The DRAM address driver strength may be 
adjusted for capacitive load. When adjusted 
properly, output overshoot and undershoot is 
minimized while still meeting worst case 

MEMORY AND EMS CONTROL 

DRAM timing. The DRAM RAS, CAS and 
address buffers also automatically compen
sate for variations in temperature, voltage 
and manufacturing process. 

DRAM_DRV 
11 10 

o 0 - Fullstrength DRAM address 
drive, up to 350 pF 
(Default value) 

o - Low strength DRAM address 
drive, up to 100 pF 

o - Medium strength DRAM address 
drive, up to 180 pF 

- High strength DRAM address 
drive, up to 260 pF 

Bits 09, 08 - SP SIZE, Split Size 

The split is implemented by moving the block 
of memory between OAOOOOH through 
OFFFFFH to another area. The destination 
area must start on a 512 Kbyte boundary. If 
BIOS is to be shadowed, the split size must 
be 320 Kbyte for a 64 Kbyte shadow or 256 
Kbyte for a 128 Kbyte shadow, and the RAM 
Shadow And Write Protect Register (Port 
6072H) must also be programmed. 

Figure 6-1 illustrates that the memory from 
OAOOOOH (640 Kbyte) to 100000H (1024 
Kbyte) is available for remapping. The 
remapping may start at 100000H, providing 
384 Kbyte of extended memory, or may start 
at OFOOOOH to allow BIOS shadowing, with 
320 Kbyte of extended memory. Only a 
single bank may be split. The bank to be split 
must be at least 512 Kbyte or larger. 

SPLIT SIZE 

0908 

o 0 - No split (Default value) 
o 1 - 256 Kbyte split, memory moved 

from OAOOOOH to ODFFFFH 
o - 320 Kbyte split, memory moved 

from OAOOOOH to OEFFFFH 
- 384 Kbyte split, memory moved 

from OAOOOOH to OFFFFFH 

Bits 07-02 - A24-A19, Split Starting Address 

Bits 01, 00 - Not used, state is ignored 
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HEX 
ADDRESS 

RAM 

256K 
moved 

HEX 
ADDRESS 

15CXlCO 
14CXlCO 
13CXlCO RAM 
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256K 
moved 

l5COOJ 
14CXlCO 
13FFFF 
12CXlCO 
llCXlCO 
lDCXlCO 
OFCXlCO 
OEFFFF 
OlXXlOO 
OCCXlCO 
OBFFFF 
OACXlCO 
09FFFF 
09CXlCO 
OBCXlCO 

RAM J RAM 
BIOS Shadow RAM 

NO RAM 
NO RAM 

--;;B"'IO"'SC-;Sh=a""do-w-'R"'A-;-M;-! 

NO RAM } 

12CXlCO RAM 

l1CXlCO RAM J lDCXlCO RAM 
OFCXlCO BIOS Shadow RAM 
OEOOOO BIOS Shadow RAM 

ODFFFF NO RAM 1 
OCCXlCO NO RAM 

- AT SlYLE -
256K Split with 
64K main BIOS shadow 
64K video BIOS shadow 

HEX 
ADDRESS 

15CXlCO I--__ --q 
14CXlCO RAM 
13CXlCO RAM 

640K 

320K 
moved 

OBCXlCO NO RAM 
OACXlCO 
09FFFF 1200;f;$f;;;:209 
090000 
08CXlCO 

- PS/2 SlYLE -
256K Split with 
64K main BIOS shadow 
64K video BIOS shadow 

HEX 
ADDRESS 

12CXlCO RAM J 11 CXlCO RAM 

lQCXlCO _=:-::-:",R.;;.A.;;.M"--::-:--:-:-I 
OFCXlCO BIOS Shadow RAM 

00ElXXlOOFFFF NO RAM } 
NO RAM 

OCCXlCO NO RAM 

l5COOJ 
14CXlCO 
13CXlCO 
12CXlCO 
110000 
lDCXlCO 
OFFFFF 
OECXlCO 
000000 
OCCXlCO 
OBCXlCO 
OACXlCO 
09FFFF 
09CXlC0 
08CXlCO 

RAM 
RAM 
RAM 
RAM 
RAM 
RAM 

NO RAM 
NO RAM 
NO RAM 
NO RAM 
NO RAM OBCXlCO NO RAM 

OAOOOO NO RAM 
09FFFF a:=====,..." 
09CXlCO Iii i I i ..... · ............ ··.·.... }I 
08CXlCO 

320K Split with 
32K main BIOS shadow 
32K video BIOS shadow 

640K 

FIGURE 6-1. SPLIT SIZE 

384K Split with 
no shadow 
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640K 

384K 
moved 

640K 
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6.2.4 RAM Shadow And Write Protect 

Port Address 6072H - Read and Write 

15 I 14 13 12 11 10 09 I 08 

DIS_MEM HM WP INV PAR_ SHD 
WP PAR DIS 

07 06 05 I 04 03 I 02 01 I 00 

x_ VB_SIZ ROM_ BL_MOU 
MEM TYP 

Signal 
Name 

Default 
At RSTIN 

DIS_MEM ............ 00 
HM_WP. . ............. 0 
WP .................. 0 
INV_PAR ............... 0 
PAR_DIS ............... 0 
SHD . . . . . . . . . . . . . . . . . . 00 
X MEM ..... 0 
Bit 06 ... ...... None 
VB_SIZ ................ 00 
ROM TYP ............... 00 
BL_M-OU i::f .............. 00 

i::f Featured only in the WD76C10ALP 

Bit 15,14 - DIS_MEM, Disable On-board Memory 

DIS_MEM 
15 14 

o 0 - On-board memory from 128 KB 
to 640 KB not disabled 
(Default value). 

o - On-board memory from 512 KB 
to 640 KB disabled. 

o - On-board memory from 256 KB 
to 640 KB disabled. 

- On-board memory from 128 KB 
to 640 KB disabled. 

Bit 13 - HM_WP, High Memory Write Protect 
Enable 

This bit enables the write protection for the 
memory boundary established by the register 
at Port C072H. 

HM_WP =0-
High memory write protect not enabled 
(Default value). 

HM_WP = 1 -
High memory write protect enabled. 

MEMORY AND EMS CONTROL 

Bit 12 - WP, Shadowed BIOS Write Protect 
Enable 

wp=o-
Write protect for shadowed BIOS not 
enabled (Default value). 

WP = 1 -
Write protect for shadowed BIOS enabled. 

Bit 11 -INV_PAR, Invert Parity 

INV_PAR = 0-
Normal parity when writing to on-board 
DRAM (Default value). 

INV]AR = 1 -
Invert parity when writing to on-board 
DRAM. 

Bit 10 - PAR_DIS, Parity Checking Disabled 

Parity checking is normally enabled or dis
abled by Port 061 H. Setting PAR_DIS over
rides the Port 061 H setting and disables 
parity checking. This ability is provided for 
systems without parity RAM. 

PAR_DIS = 0-
Parity checking as selected by Port 
061H (Default value). 

PAR_DIS = 1 -
Parity checking disabled. 

Bits 09, 08 - SHD, Shadow BIOS 

Before the BIOS can be shadowed, the 
SPLIT_SIZE field in the Split Starting Address 
Register at Port 5872H must be programmed 
to non-zero. 

ROM at FEOOOOH - FFFFFFH, the top of 16 
MByte address space is never shadowed. 

Option SHD 11 should be used when Video 
Remap Function is desired (i.e, Video BIOS 
in the lower half of EPROM shows up at 
COOOOH). 

64 Kbyte of system BIOS at OFOOOOH -
OFFFFFH, and up to 64 Kbyte of video BIOS 
at OCOOOOH - OCFFFFH, may be shadowed. 
This type of shadowing is accomplished by 
setting SHD = 10 and then writing the system 
and video BIOS into OEOOOOH - OFFFFFH. 
When SHD is set to 11, the video BIOS ap
pears at OCOOOOH - OCFFFFH rather than 
OEOOOOH - OEFFFFH. 
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The video shadow size at OCOOOOH -
OCFFFFH is determined by VB_Sll, the 
video BIOS size field. 

SHD 
0908 

i:< 0 0 - No BIOS shadowing, allows 
384 KB remap (Default value). 

o - 64 KB system BIOS shadow, 
OFOOOOH - OFFFFFH, allows 
320 KB remap. 

1 0 - 128 KB system BIOS shadow, 
OEOOOOH - OFFFFFH, allows 
256 KB remap. 

i:< 1 1 - 64 KB system BIOS shadow, 
OFOOOO - OFFFFF and video 
BIOS shadow, allows 256 KB 
remap. 

i:< See note following bits 01,00. 

Bit 07 - X_MEM, Shadow BIOS for ReadIWrite 
Memory 

When SHD (bits 09 and 08) equals 11, X_MEM 
provides the means of using RAM from 
E8000H through EFFFFH not being used for 
video BIOS shadowing, to be used as 
read/write memory. 

X MEM = 0 -SHD=ll 

ROM_TVP = 10 - VB_SIZ = 01 

HEX 
ADDR. 

140000 IIIIIIIII~ 
130000 
120000 256K 

110000 Ilii/{S5 >1 remapped 
100000 

OFFFFF Shadowed. 
OFOOOO write protected 
":;OE=F=FF:;'F --~~-~~ 
OEOOOO 
000000 
OC8001 

OC8000 Shadowed. 
~OC:::O~O~OO:..]Wd::::~::::::;';.L:±I write protected 

FIGURE 6-2. X_MEM = 0 

HEX 
ADDR. 

140000 
130000 
120000 
110000 
100000 _ ..•.•........•.. / 
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- SHD = 11 

256K 
remapped 

OFFFFF Shadowed. 
OFOOOO write protected 
~OE:::;FF~FF='-IIIoo+...,..---++-+i 

OE8000 
OE7FFF 
OC8001 

OC8000 Shadowed. 
~OC:...:O~OOO=-=--.:~~-.-;~= write protected 

FIGURE 6-3. X_MEM = 1 

Bit 06 - Not used, state is ignored 

Bits 05,04 - VB_SIZ, Video BIOS Size 

VB_Sll i:< 
0504 

o 0 - 16 KB video BIOS 
(Default value) 

o 1 - 32 KB video BIOS 

o - 48 KB video BIOS 

- 64 KB video BIOS 

i:< See note following bits 01, 00. 

Bits 03, 02 - ROM_ TYP, ROM Type 

For ROM type 00, CSPROM is asserted 
when the address is OEOOOOH - OFFFFFH or 
FEOOOOH - FFFFFFH. 

For ROM type 01, CSPROM is asserted 
when the address is OFOOOOH - OFFFFFH or 
FFOOOOH - FFFFFFH. 

For ROM type 10, CSPROM is asserted when 
the address is OFOOOOH - OFFFFFH, FFOOOOH 
- FFFFFFH or OCOOOOH - OCXFFFH where X 
is determined by VB_Sll. This allows either a 
128 Kbyte BIOS with a 64 Kbyte system 
BIOS and a 64 Kbyte video BIOS, or a 64 
Kbyte BIOS with a 32 Kbyte system BIOS 
and a 32 Kbyte video BIOS. The 32 Kbyte 
video BIOS portion must be in the bottom half 
of the EPROM and is accessed both at 
COOOOH - CXOOOH and FOOOOH - FXOOOH. A 
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64 Kbyte EPROM needs addresses SA15 -
SAO. A 128 Kbyte EPROM needs addresses 
SA16 - SAO. Neither EPROM needs trans
lated addresses. 

CSPROM is CS4 through CSO, decoded as 
the value of 00. 

ROM_TYP 
0302 

o 0 - 128 KBsystem BIOS, located at 
EOOOOH - FFFFFH 

o - 64 KB system BIOS, located at 
FOOOOH - FFFFFH (Default 
value) 

-(:( 1 0 - 64 KB or 128 KB shared BIOS 
System BIOS located at FOOOOH 
- FFFFFH, video BIOS located at 
COOOOH - CXOOOH 

1 1 - Reserved 

-(:( See note following bits 01, 00. 

Bits 01, 00 - BL_MOU, Backlight Mouse Control 
Featured only in the WD76C1 OALP 

Enabling the Backlight Mouse Control in
creases the CPU speed for one second if 
Auto Clock Switching is on. The AUT_FST 
bit is located at Port 1072H bit 11. Enabling 
the Backlight Mouse Control also affects the 
Back/light and LCD timers in the PMC Timer 
Register at Port Address 8072H. 

BL_MOU 
01 00 

o 0 - No mouse control 
(Default value) 

a 1 - INT12 mouse 

1 0 - INT4 mouse 

1 1 - INT3 mouse 

MEMORY AND EMS CONTROL 

-(:(NOTE 
When SHD = 11 and X_MEM = 0, or 
SHD = 00 and ROM_ TYP = 10, the por
tion of OEOOOOH DRAM memory that is 
not mapped to OCOOOOH (as determined 
by VB~SIZ) is not accessible. Once a 
portion of OEOOOOH segment is mapped 
to OCOOOOH, all OEOOOOH accesses go 
to the expansion bus without generation 
of CSPROM. This allows AT bus plug-in 
boards and/or drivers to access the 
EOOOOH segment. 

6.2.5 High Memory Write Protect Boundary 

Port Address C072H - Read and Write 

14 I 13 12 11 10 09 08 

07 I 06 I 05 I 04 I 03 I 02 I 01 J 00 

A24 A23 A22 A21 A20 A19 A18 A17 

Signal Default 
Name At RSTIN 
Bits 15-08 . . . . . . . . . . . . . .. None 
A24-A17 ............... 00 

Bits 15·08 - Not used, state is ignored 

Bits 07-00· A24·A17, Boundary Address 

Memory above the high memory write protect 
boundary is write protected when enabled by 
the HM_WP, bit 13 of the RAM Shadow And 
Write Protect Register at Port 6072H. This 
provides an additional write protect region for 
disk caching. 
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6.3 MEMORY TIMING 

The DRAM timing is determined by an internal 
delay line for DMA and Master Mode transfers. 
The RAS leading edge becomes active from the 
active level of MEMR and MEMW. The delay line 
is automatically tuned to fixed delays, using the 
14.318 MHz clock CLK14 as reference. 

When writing to the DRAM memory timing register 
at Port 4072H, the memory timing mode changes 
immediately. The code that programs this register 
should be in ROM and not shadowed in RAM. 

6.3.1 Non-page Mode DRAM Memory Timing 

Port Address 4072H - Read and Write 

15 14 J 13 12 11 I 10 09 108 

NP_MODE NP NP_WCAS _NP_RCAS 
RAW . 

07 06 I 05 04 I 03 I 02 01 I 00 

NP RAS NP_PWE NP_WS 
HLD -

Signal Default 
Name At RSTIN 
Bits 15, 07 . . . . . . . . . . . . . . . None 
NP_MODE .............. 00 
NP RAW ............... 0 
NP-WCAS .............. 00 
NP-RCAS ............... 00 
NP:::RAS_HLD . . . . . . . . . . . . . 00 
NP PWE ............... 000 
NP:::WS ................ 00 

Bit 15 - Not used, state is ignored 

Bits 14, 13 - NP _MODE, Non-Page Mode 

There are two non-page modes available, 
Mode-OO and Mode-01. Mode-OO provides 
one processor clock of row address hold time 
and is used for 1, 2 or 3 wait state memory 
cycles. Mode-01 provides a half processor 
clock of row address hold time and is used 
for 0 wait state memory cycles. Because the 
memory timing may be adjusted in incre
ments of half a processor clock, Mode-OO is 
suited for all DRAM and processor speeds. 

WD76C10AILPILV 

Mode-01 provides a half processor clock row 
address hold time, which is usually sufficient 
for system speeds of 12.5 MHz and slower. 
This compressed timing allows zero wait 
state operation. 

Table 6-1A shows typically required DRAM 
speeds and register programming values for 
various processor speeds. Because DRAM 
timing varies among manufacturers, the re
quired DRAM speed may differ from those 
listed in the table. 

NP_MODE 
1413 

o 0 - Minimum 1 wait state. 

o - Minimum 0 wait state. 

PROCESSOR NP DRAM WAIT REGISTER 
SPEED MODE SPEED STATES 4072H 

12.5 MHz 01 80 ns 0 3560H 
16MHz 01 53 ns 0 3560H 
16 MHz 00 80 ns 1 1025H 
20 MHz 00 80 ns 1 1025H 
20 MHz 00 100 ns 2 107AH 

TABLE 6-1A. TYPICAL DRAM SPEEDS 

Bit 12 - NP _RAW, Non-page disable Read After 
Write 

EMS accesses and interleave miss cycles 
(1/0 cycle to device on RAD) may add one 
additional wait state. 

NP_RAW= 0-
Memory read cycles immediately follow
ing a write cycle causes an automatic 
wait state to be added before initiating the 
read cycle. 

NP RAW = 1 -
- Read after write cycles do not have ad

ditional wait states. 

Bit 11,10 - NP _WCAS, Non-page Write CAS 
Delay 

NP_WCAS 
11 10 

o 0 - CAS write delay 1 .0 CLK2 
o 1 - CAS write delay 1.5 CLK2 
1 0 - CAS write delay 2.0 CLK2 
1 1 - CAS write delay 2.5 CLK2 
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Bit 09, 08 - NP _RCAS, Non-page Read CAS 
Delay 

NP_RCAS 
11 10 

o 0 - CAS read delay 1.0 CLK2 
o 1 - CAS read delay 1.5 CLK2 
1 0 - CAS read delay 2.0 CLK2 
1 1 - CAS read delay 2.5 CLK2 

Bit 07 - Not used, state is ignored 

Bits 06, 05 - NP _RAS_HLD, Non-page CAS to 
RAS Hold Time 

The RAS active delay is reduced by half a 
clock during writes if NP _WCAS is set to 1X, 
or during reads if NP _RCAS is set to 1X. 

NP_RAS_HLD 
0605 

o 0 - RAS active until 1.0 clock after 
CAS. 

o 1 - RAS active until 1.5 clock after 
CAS. 

o - RAS active until 2.0 clock after 
CAS. 

- RAS active until 2.5 clock after 
CAS. 

MEMORY AND EMS CONTROL 

Bits 04-02 - NP _PWE, Non-page CAS Pulse 
Width Extension 

The pulse width is reduced by half a clock 
during writes if NP _WCAS is set to X1, or 
during reads if NP _RCAS is set to 1X. 

NP_PWE 
040302 

o 0 0 - No extension (2 CLK2 normal) 

o 0 1 - Extended by 0.5 CLK2 

o 1 0 - Extended by 1.0 CLK2 

o 1 1 - Extended by 1.5 CLK2 

o 0 - Extended by 2.0 CLK2 

o 1 - Extended by 2.5 CLK2 

o -Extended by 3.0 CLK2 

1 - Extended by 3.5 CLK2 

Bits 01, 00 - NP _WS, Non-page Wait States 

NP _WS makes it possible to unconditionally 
add wait states to all DRAM cycles. Con
dional wait states may be added to read after 
write cycles, EMS accesses and interleave 
miss cycles, with NP _RAW (bit 12). 

NP_WS 
01 00 

o 0 - No wait states added 

o 1 - 1 Wait state added 

o - 2 Wait states added 

1 1 - 3 Wait states added 

4-58 ADVANCED INFORMATION 11125/91 



MEMORY AND EMS CONTROL WD76C10AILPILV 

TIMING NUMBER OF CLK2'S 

MODE·OO MODE·01 

Row address to RAS 2 2 

RASwidth 3 + NPH + NPHB 1 2 1 + NPH + NPHB 1 2 

Row address hold 1 0.5 

Column address setup (read) 1 + NPRF 1 2 0.5 + NPRF 1 2 

Column address setup (write) 1 + NPWF 12 1 + NPWFI 2 

RAS hold (read from CAS) 1 + NPHB 1 2 - NPRF 12 + NPH 0.5 - NPRF 12+ NPH 

RAS hold (write) 1 + NPHB 1 2 - NPWF 1 2 + NPH 0.5 - NPWF 12+ NPH 

CAS width (read) (j) + NPCAS + NPCB 1 2 - NPRF 1 2 (j) + NPCAS + NPCB 12 - NPRF 1 2 

CAS width (write) (j) + NPCAS + NPCB 1 2 - NPWF 1 2 (j) + NPCAS + NPCB 1 2 - NPWF 1 2 

RAS precharge 2 x (2 + NP _WS) - RAS width 2 x (2 + NP _WS) - RAS width 

Column address hold 1 - NPCB 12 1 - NPCB 12 

G) 2 if NPCAS = 0 or 1 
1 if NPCAS = 2 or 3 

NPWF = Bit 10 NPRF = Bit 08 NPH = Bit 06 NPHB = Bit 05 
NPCAS = Bits 04, 03 NPCB = Bit 02 NP _WS = Bits 01,00 

TABLE 6-1B. NON-PAGE MODE TIMING 
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6.3.2 Page Mode 

Table 6-2. identifies the type of DRAM cycle and 
number of wait states for the 80286 and 80386SX 
processors. 

4-60 

80286 

80286 
With 
Discrete 
Cache 

80386SX 

80386SX 
With 
Discrete 
Cache, 
Non-pipe 

PAGE MODE DRAM CYCLE 

Write page hit 
Write page first access n 
Write page miss 
Read page hit 
Read after write page hit 
Read page first access n 
Read page miss 

Write page hit 
Write page first access n 
Write page miss 
Read cache hit 
Read cache miss, page hit 
Read cache miss, page first access n 
Read cache miss, page miss 

Write page hit, pipeline mode 
Write page hit, non-pipeline mode 
Write page first access, pipline mode n 
Write page miss, pipeline mode 
Write page miss, non-pipeline mode 
Read page hit, pipeline mode 
Read page hit, non-pipeline mode 
Read after write page hit, pipeline mode n 
Read page first access non-pipeline mode n 
Read page miss, pipeline mode 
Read page miss, non-pipeline mode 

Write page hit 
Write page first access n 
Write page miss 
Read cache hit 
Read cache miss, page hit 
Read cache miss, page first access n 
Read cache miss, page miss 

n Equal Bank sizes, non-EMS cycle 

WAIT 

o 
1 
2 
o 
1 
2 
3 

o 
1 
2 
o 
1 
3 
4 

o 
1 
1 
2 
3 
o 
1 
1 
3 
3 
4 

o 
1 
2 
o 
1 
3 
4 

First access is a page mode memory cycle which immediately follows a 
refresh, DMA or master cycle. It is not necessary for the DRAMs to be 
precharged for a first access cycle, since all RAS signals have been high in 
the previous cycle. This shortens a first access page mode cycle by one wait 
state. For example, a read page miss, non-pipeline mode in 80386SX mode 
is four wait states. A read page miss, non-pipeline mode, first access in 
80386SX mode is three wait states. All installed DRAMs must be the same 
size and configuration and the memory cycle cannot be an EMS cycle for a 
first access to occur. 

TABLE 6-2. PAGE MODE WAIT STATES 
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6.3.3 Memory Address Multiplexer 

The memory address multiplexer generates the 
DRAM row and column address. The DRAM ad
dress multiplexer is designed so that the same 
type socket may be used for 64 Kbyte, 256 Kbyte, 
1 Mbyte or 4 Mbyte SIMM memory modules. 

RA10 RAg RA8 RA7 RA6 RA5 RA4 

64K NON-INTERLEAVE 

ROW A22 A20 A18 A16 A15 A14 A13 
COL A11 A10 A9 A8 A7 A6 A5 

RA3 RA2 RA1 

A12 A11 A10 
A4 A3 A2 

64K 2-WAV INTERLEAVE OR 256K NON-INTERLEAVE 

ROW A22 A20 A18 A16 A15 A14 A13 A12 A11 A10 
COL A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 

RAO 

A9 
A1 

A17 
A1 

64K 4-WAV, 256K 2-WAV INTERLEAVE OR 1 Mb NON-INTERLEAVE 

ROW A22 A20 A18 A16 A15 A14 A13 A12 A11 A19 A17 
COL A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 

256K 4-WAV, 1 Mb 2-WAV INTERLEAVE OR 4 Mb NON-INTERLEAVE 

ROW A22 A20 A18 A16 A15 A14 A13 A12 A21 A19 A17 
COL A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 

1 Mb 4-WAV OR 4 Mb 2-WAV INTERLEAVE 

ROW A22 A20 A18 A16 A15 A14 A13 A23 A21 A19 A17 
COL A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 

4 Mb 4-WAV INTERLEAVE 

ROW A22 A20 A18 A16 A15 A14 A24 A23 A21 A19 A17 
COL A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 

REFRESH ADDRESS 

ROW A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 AO 

TABLE 6-3. PAGE MODE DRAM ADDRESS MULTIPLEXER CONFIGURATION 
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RA10 RAg RA8 RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO 

ROW A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 ALL 
COL A22 A20 A18 A16 A15 A14 A13 A12 A11 A10 A9 64 Kb 
COL A2.2 A20 A18 A16 A15 A14 A13 A12 A11 A10 A17 256 Kb 
COL A22 A20 A18 A16 A15 A14 A13 A12 A11 A19 A17 1 Mb 
COL A22 A20 A18 A16 A15 A14 A13 A12 A21 A19 A17 4Mb 

TABLE 6-4. NON-PAGE NON-INTERLEAVE ADDRESS CONFIGURATION 

RA10 RAg RA8 RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO 

ROW A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A13 ALL 
COL A22 A20 A18 A16 A15 A14 A17 A12 A11 A10 A9 64 Kb 
COL A22 A20 A18 A16 A15 A14 A19 A12 A11 A10 A17 256 Kb 
COL A22 A20 A18 A16 A15 A14 A21 A12 A11 A19 A17 1 Mb 
COL A22 A20 A18 A16 A15 A14 A12 A23 A21 A19 A17 4Mb 

TABLE 6-5. NON-PAGE 2-WAY INTERLEAVE ADDRESS CONFIGURATION 
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6.4 EMS 

6.4.1 EMS Control And Lower EMS Boundary 

Port Address 6872H - Read and Write 

15 14 I 13 12 11 I 10 09 08 

INC PF_LOC EMS_EN 

07 06 I 05 I 04 I 03 I 02 I 01 I 00 

EN A23 A22 A21 A20 A19 A18 A17 
RES LOWER_EMS_BOUNDARY 

Signal 
Name 

Default 
At RSTIN 

. . 0 INC ............... . 
PF LOC ............ . 
Bits 12, 09, 08 . . . . . . . . . . 
EMS EN ........... . 
EN RES ............ . 
A23-A17 ............... . 

Bit 15 - INC, Increment EMS Pointer 

00 
None 
00 
o 
o 

The INC bit controls whether or not the EMS 
Pointer at Port E072H is to be incremented 
after each read or write of the EMS Page 
Register at Port E872H. 

INC = 0-
The EMS pointer does not increment 
(Default value). 

INC = 1 -
EMS pointer increments after access to 
EMS Page Register. 

Bits 14-13 - PF _LOC, Upper Page Frame Location 

PF _LOC determines the starting location of a 
block eight frames. See Table 6-6 for the 
upper page frame assignments. 

PF_LOC 
1413 

o 0 - Upper page frame starts at 
C4000H (Default value) 

o 1 - Upper page frame starts at 
C8000H 

o - Upper page frame starts at 
CCOOOH 

- Upper page frame starts at 
DOOOOH 
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Bit 12 - Not used, state is ignored 

Bits 11,10 - EMS_EN, EMS Enable 

EMS_EN determines whether all EMS 
frames are to be enabled, only the upper 
page frames or no page frames. Tables 6-6 
and 6-7 show the upper and lower page 
frame aSSignments. 

EMS_EN 
11 10 

o 0 - Disable EMS (Default value) 

o 1 - Enable EMS Register 
programming without having to 
enable a Page Frame. This is 
useful for initializing the lower 
Page Frame. 

1 0 - Enable upper Page Frame 
assignments and EMS register 
programming. 

1 1 - Enable upper and lower Page 
Frame assignments and EMS 
register programming. 

Bits 09, 08 - Not used, state is ignored 

Bits 07 - EN_RES, Enable Lower Boundary 

EN_RES determines whether A23 through A17 
(bits 06 through 00 of this register) are to be 
used as the lower EMS boundary or ignored. 

When the LOWER EMS BOUNDARY is 
enabled, the memory-above the boundary is 
removed from the extended memory and 
reserved for EMS. 

EN_RES = 0-
Ignore LOWER_EMS_BOUNDARY 
(Default value) 

EN_RES = 1 -
Enable LOWER_EMS_BOUNDARY 

Bits 06-00 - A23-A 17, 
LOWER_EMS_BOUNDARY 

The 10wer_EMS_boundary provides address 
bits A23 through A 17 and determines the 
starting address. 

This address must be set to 128 Kbyte below 
the actual start address. For example, to 
start EMS at the 1 Mbyte boundary, this field 
should be set to 07H. 
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6.4.2 EMS Page Register Pointer 

Port Address E072H -Bits 15-06 Read only, 
Bits 05-00 Read and Write 

15 114 1 13 112 1 11 1 10 1 09 1 08 
DLT 

16 15 15 13 12 11 10 9 

07 106 05 I 04 I 03 I 02 I 01 I 00 
DLT POINTER 

8 7 

Signal Default 
Name At RSTIN 
DLT .................. 0-0 
POINTER ............... 0 

EMS EMS 
REG PF_LOC=OO REG PF_LOC = 01 
NUM NUM 

32 EOOOO-E3FFF 33 E4000-E7FFF 
39 DCOOO-DFFFF 32 EOOOO-E3FFF 
38 D8000-DBFFF 39 DCOOO-DFFFF 
37 D4000-D7FFF 38 D8000-DBFFF 
36 DOOOO-D3FFF 37 D4000-D7FFF 
35 CCOOO-CFFFF 36 DOOOO-D3FFF 
34 C8000-CBFFF 35 CCOOO-CFFFF 
33 C4000-C7FFF 34 C8000-CBFFF 

MEMORY AND EMS CONTROL 

The EMS Page Register Pointer is used as an 
indirect address register. It is loaded with the 
EMS Page Register Number, ranging from 00 to 
39 decimal. If the INC bit is set in Port 6872H, the 
EMS Page Register Pointer is incremented after 
each read or write of the EMS Page Register at 
Port E872H. Tables 6-6 and 6-7 shows the EMS 
Page Register Pointer value and the page frame 
assignments. 

Bits 15-06 - DLT, Delay Line Test 

In the Delay Line Test Mode, these bits repre
sent the state of internal Delay Line signals. 

The Delay Line Test is initiated by bit 8 (TDL) 
in the Test Enable Register at Port Address 
A872H. 

Bits 05-00 - POINTER, EMS Page Register 
Number 

Decimal number, 00 through 39. When 
programming this field, the hex equivalent 00 
through 27H should be used. 

EMS EMS 
REG PF_LOC = 10 REG PF_LOC = 11 
NUM NUM 

34 E8000-EBFFF 35 ECOOO-EFFFF 
33 E4000-E7FFF 34 E8000-EBFFF 
32 EOOOO-E3FFF 33 E4000-E7FFF 
39 DCOOO-DFFFF 32 EOOOO-E3FFF 
38 D8000-DBFFF 39 DCOOO-DFFFF 
37 D4000-D7FFF 38 D8000-DBFFF 
36 DOOOO-D3FFF 37 D4000-D7FFF 
35 CCOOO-CFFFF 36 DOOOO-D3FFF 

EMS registers 32 through 39 (decimal) can be individually enabled or disabled by the EN (bit 15) of 
the EMS Page Register. See Port E872H description. 

TABLE 6-6. UPPER PAGE FRAME ASSIGNMENTS 
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EMS EMS 
REG HEX DEC REG HEX DEC 
NUM NUM 

23 5COOO-5FFFF 368K-384K 7 9COOO-9FFFF 624K-640K 
22 58000-5BFFF 352K-368K 6 98000-9BFFF 608K-624K 
21 54000-57FFF 336K-352K 5 94000-97FFF 592K-608K 
20 50000-53FFF 320K-336K 4 90000-93FFF 576K-592K 
19 4COOO-4FFFF 304K-320K 3 8COOO-8FFFF 560K-576K 
18 48000-4BFFF 288K-304K 2 88000-8BFFF 544K-560K 
17 44000-47FFF 272K-288K 1 84000-87FFF 528K-544K 
16 40000-43FFF 256K-272K 0 80000-83FFF 512K-528K 
15 3COOO-3FFFF 240K-256K 31 7COOO-7FFFF 496K-512K 
14 38000-3BFFF 224K-240K 30 78000-7BFFF 480K-496K 
13 34000-37FFF 208K-224K 29 74000-77FFF 464K-480K 
12 30000-33FFF 192K-208K 28 70000-73FFF 448K-464K 
11 2COOO-2FFFF 176K-192K 27 6COOO-6FFFF 4320-448K 
10 28000-2BFFF 160K-176K 26 68000-6BFFF 416K-432K 
9 24000-27FFF 144K-160K 25 64000-67FFF 400K-416K 
8 20000-23FFF 128K-144K 24 60000-63FFF 384K-400K 

EMS registers 0 through 31 (decimal) are enabled or disabled as a block. If the EMS_EN 
field of Port 6872H is 11, the EMS registers 0 through 31 are enabled and the EN (bit 15) 
of the EMS Page Register is treated as a one. See Port E872H description. 

TABLE 6-7. LOWER PAGE FRAME ASSIGNMENTS 
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6.4.3 EMS Page Register 

Port Address E872H - Bits 14-12 Read only, 
Bits 15, 11-00 Read 
and Write 

There are 40 EMS Page Registers accessible 
through Port E872H. Only EMS registers 32 
through 39 are initialized to zero. EMS registers 0 
through 31 are not initialized. The EMS Page 
Register Pointer at Port E072H provides the offset 
location for Port E872H. 

15 14 13 12 11 I 10 I 09 I 08 

EN 0 0 0 P11 P10 P9 P8 

07 106 I 05 I 04 103 102 101 100 
P7 P6 P5 P4 P3 P2 P1 PO 

Signal Default 
Name At RSTIN 
EN . . . . . . . . . . . . 0 
Bits 14-12 ............... 0 
P11-PO ................ 0 

Bit 15 - EN, Enable EMS Page Register 

EMS Page Registers 32 through 39 can be 
individually enabled or disabled by the EN bit. 
EMS Page Registers 0 through 31 are 
enabled or disabled as a block by the setting 
of the EMS_EN field in the EMS Control 
Register at Port 6872H. When EMS_EN 
equals 11, the EN bit in this register is treated 
as a one for the lower Page Frame. 

EN =0-
This EMS Page Register is disabled 

EN = 1 -
This EMS Page Register is enabled 

MEMORY AND EMS CONTROL 

Bits 14-12 - Read only, not used by the System 
Controller 

Bits 11-00 - P11 through POO, EMS Page 
Number 

EMS page numbers 8 through 39 and 64 
through 2047 are supported for on-board 
memory, equal to 31.5 MBytes of EMS 
memory. The memory address is generated 
by reading the EMS page number from the 
System Controller and multiplying it by 16 
Kbytes, then adding the lower 14 bits of the 
processor address to the product. This results 
in EMS page numbers zero through seven 
being mapped to the lower 128 Kbytes of 
memory and On-board extended memory 
being able to be accessed in real mode via 
the EMS logic. 

EMS page numbers 2048 through 2303, 
equal to 4 MBytes, are used for external EMS 
memory, providing a method of accessing 
plug-in RAM or ROM cards. If P11 is 1 when 
an external EMS access occurs, EMS page 
number bits P7 through PO are output on 
RAO-7/EDO-7 and the EMS chip select is 
asserted. The RAM/ROM card should access 
data on the expansion data bus, using 
MEMR, MEMW, MEMCS16 and IOCHRDY 
to make the transfer. 

NOTE 
When using external EMS memory with 
P11 = 1, EN (bit 15) must be o. 
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7.0 PORT CHIP SELECT AND 
WD76C10ALP REFRESH 

This section describes refresh control logic 
peculiar to the WD76C10ALP and used by the 
power down feature. This section also describes the 
registers used to control the following functions: 

• Port chip select and control 

• High speed hard disk access 

• AT hard disk IDE mode 

• 8/16 bit 80287 bus timing 

• Real-Time Clock bus location 

• Access to the CMOS RAM password 

Table 7-1 identifies the ports, their Chip Select 
number, I/O address and function. 

7.1 REFRESH CONTROL, SERIAL AND 
PARALLEL CHIP SELECTS 

Port Address 2072H - Read and Write 

15 14 13 

M v CBR -
REF REF REF 

07 I 06 I 05 

SER_A 

Signal 
Name 

M_REF u 
V REFu . 
CElR_REF -{., .. 
CBR_SR .. 
SCSI ..... . 
PAR ..... . 
PAR_L .. . 
SER A 
SER:::AL 
SER B 
SER:::BL 

12 11 

CBR SCSI -
SR 

04 03 

SER_ 
AL 

10 I 09 

PAR 

I 02 I 01 

SER_B 

Default 
At RSTIN 

o 
o 
o 
o 
o 

. ... 00 
o 
000 
o 
000 
o 

u Featured only in the WD76C1 OALP 

08 

PAR -
L 

00 

SER -
BL 
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Bit 15 - M_REF, Memory Refresh Power Down 
Mode 
Featured only in the WD76C1 OALP 

The refresh period may be lengthened for 
extended refresh DRAM while maintaining 
bus compatibility. When slow refresh is 
selected, main on-board memory is refreshed 
at one eighth the normal rate. In the Full 
Power Down mode, selected by the FPD bit 
in the register at Port 1872H, and M_REF = 
1, the on-board DRAM is refreshed with 
every eighth PDREF. PDREF is a 64 KHz 
input signal supplied by the WD76C20. 

M_REF = 0-
Normal refresh period for main on
board memory (Default value). 

M_REF = 1 -
Slow refresh main on-board memory. 

Bit 14 - V_REF, Video Refresh Power Down Mode 
Featured only in the WD76C1 OALP 

The refresh period may be lengthened for 
extended refresh DRAM while maintaining 
bus compatibility. When slow refresh is 
selected, main on-board memory is refreshed 
at one eighth the normal rate. In the Full 
Power Down mode, selected by the FPD bit 
in the register at Port 1872H, and V_REF = 1, 
the on-board DRAM is refreshed with every 
eighth PDREF. PDREF is a 64 KHz input 
signal supplied by the WD76C20. 

V_REF = 0-
Normal refresh period for video memory 
(Default value) 

V_REF = 1 -
Slow refresh video memory 

Bit 13 - CBR_REF, CAS Before RAS Refresh 
For On-board DRAM 
Featured only in the WD76C1 OALP 

Most standard DRAMs support this type of 
CAS before RAS refresh, while special 
DRAMs do not. 

CBR_REF = 0-
Normal refresh for on-board DRAM 
(Default value) 

CBR_REF = 1 -
CAS before RAS refresh 
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Bit 12 - CBR_SR, CAS Before RAS Self Refresh 

CAS before RAS self refresh is supported only by 
special DRAMs. 

CBR SR = 0-
-No CAS before RAS self refresh 
(Default value) 

CBR SR = 1 -
-CAS before RAS self refresh of DRAM 
is supported during suspend and resume, 
where CAS is held low continuously while 
in suspend. 

Bit 11 - SCSI, Small Computer System 
Interface Chip Select 

The SCSI is selected by chip select number 
12. See Table 7-1. 

SCSI = 0-
SCSI chip select disabled 
(Default value) 

SCSI = 1 -
SCSI chip select at I/O port 353XH 

Bits 10, 09 - PAR, Parallel Port Chip Select 

The parallel port is selected by chip select 
number OFH and may be located at I/O ad
dress 278H through 27FH, 378H through 
37FH, or 3BCH through 3BFH. Bits 10 and 
09 may disable the chip select or locate it at 
one of three areas. See Table 7-1. 

PAR 
1009 

o 0 - PAR chip select disabled 
(Default value) 

o - PAR chip select at I/O port 
3BCH -3BFH 

o -PAR chip select at I/O port 
378H - 37FH 

- PAR chip select at I/O port 
278H - 27FH 

Bit 08 - PAR_L, Parallel Port Bus Location 

PAR_L= 0-
Parallel port is located on the 
RAO-7/EDO-7 bus. This is typical when 
the WD76C30 is used. 

PAR_L= 1-
Parallel port is located on the expansion 
data bus. 
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Bits 07, 06, 05 - SER_A, Serial Port A Chip Select 

The serial port A is selected by chip select 
number OEH and may be located at I/O ad
dress 2E8H through 2EFH, 2F8H through 
2FFH, 3E8H through 3EFH or 3F8H through 
3FFH. Bits 07, 06, and 05 may disable the 
chip select or locate it at one of the four 
areas. See Table 7-1. 

It is possible to select the same I/O port 
address for serial port A and serial port B. 
Selecting the same address for both ports 
results in an unpredictable response and 
should not be done. 

SER_A 
070605 

o 0 0 - Serial port A chip select 
disabled (Default value) 

0 0 1 - Serial port A chip select at I/O 
port 3F8H - 3FFH 

0 o - Serial port A chip select at I/O 
port 2F8H - 2FFH 

0 1 - Serial port A chip select at I/O 
port 3E8H - 3EFH 

0 o - Serial port A chip select at I/O 
port 2E8H - 2EFH 

Bit 04 - SER_AL, Serial A Port Bus Location 

SER AL= 0-
-Serial port A is located on the 
RAO-7/EDO-7 bus. This is typical when 
the WD76C30 is used. 

SER AL =1 -
-Serial port A is located on the expan
sion data bus. 

Bits 03, 02, 01 - SER_B Serial Port B Chip Select 

The serial port B is selected by chip select 
number 10 and may be located at I/O address 
2E8H through 2EFH, 2F8H through 2FFH, 
3E8H through 3EFH or 3F8H through 3FFH. 
Bits 03, 02 and 01 may disable the chip 
select or locate it at one of the four areas. 
See Table 7-1. 

It is possible to select the same I/O port 
address for serial port B and serial port A. 
Selecting the same address for both ports 
results in an unpredictable response and 
should not be done. 
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0 0 o - Serial port B chip select 
disabled (Default value) 

0 0 1 - Serial port B chip select at 110 
port 3F8H - 3FFH 

0 o - Serial port B chip select at 1/0 
port 2F8H - 2FFH 

0 1 - Serial port B chip select at 1/0 
port 3E8H - 3EFH 

0 o - Serial port B chip select at 1/0 
port 2E8H - 2EFH 

Bit 00 - SER_BL, Serial B Port Bus Location 

SER_BL= 0-
Serial port B is located on the 
RAO-7/EDO-7 bus. This is typical when 
the WD76C30 is used. 

SER_BL = 1 -
Serial port B is located on the expansion 
data bus 

7.2 RTC, PVGA, 80287 TIMING, AND DISK 
CHIP SELECTS 

Port Address 2872H - Read and Write 

Bits 12 through 07 and Port Address 3072H con
trol the use and location of the Programmable 
Chip Select. 

15 14 13 12 11 101 09 T 08 

RTC_ FST FST EN U L_MSK 
L VGA- SCSI PCS MSK 

07 06 05 04 03 02 01 00 

PRG HS PIS HS LK OS OS 
L HD 287 P8W HO- FLP 

Signal Default 
Name At RSTIN 
RTC L ......... , .. 0 
FST-VGA ......... , .. 0 
FST-SCSI . . . . . . . . . . .. .. 0 
ENJ~'CS ............. , 0 
U_MSK ................. 00 
L MSK ........... 00 
PRG_L ................. 0 
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HS HD ................ 000 
PIS .................. 000 
HS 287 0 
LK PSW . . 0 
DSHD 0 
DS FLP . . a 

Bit 15 - RTC_L, Real-Time Clock 

The Real-Time Clock is normally on the 
RAO-7/EDO-7 bus but may be placed on the 
expansion data bus. 

RTC_L= O-
Real-Time Clock is on the RAO-7/EDO-7 
bus (Default value). 

RTC_L = 1 -
Real-Time Clock is on the expansion 
data bus. This is the required setting 
when the WD76C20 is used. 

Bit 14 - FST_VGA, Fast VGA Video 

The performance of Western Digital Imaging 
PVGA display controllers may be enhanced 
by reducing wait states for access to video 
1/0. This feature should only be used with 
Western Digital Imaging PVGA 1 A, 
WD90C90, WD90C30, WD90C20, WD90C11 
and WD90C10 devices. 1/0 cycles to eight
bit ports 3COH - 1 H, 3C4H - 5H and 3CEH -
FH are made with one wait state cycles. 

FST_VGA = 0-
Normal PVGA control (Default value) 

FST_VGA = 1 -
One wait state 1/0 cycle to PVGA 

Bit 13 - FST_SCSI, Fast SCSI 

The performance of the WD33C93 SCSI Con
toller is enhanced by performing eight-bit ac
cesses with one wait state rather than four 
wait states. 

FST_SCSI = 0-
Four Wait States (Default value) 

FST_SCSI = 1 -
One Wait State 

Bit 12 - EN_PCS, Enable Programmable Chip 
Select 

The Programmable Chip Select logic is selected 
with chip select 11 and may be disabled or 
enabled. See Table 7-1. 
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EN_PCS = 0-
Disable Programmable Chip Select 
(Default value) 

EN_PCS = 1 -
Enable Programmable Chip Select 

Bit 11 - U_MSK, Upper Address Bits Masked 

U_MSK determines whether or not the upper 
address bits A 15 through A 10 are to be used 
as designated in the Programmable Chip 
Select Address Register at Port 3072H. 

U_MSK= 0-
A 15 through A 10 are ignored 
(Default value). 

U_MSK = 1 -
A 15 through A 10 are included in the 
address. 

Bits 10, 09, 08 - L_MSK, Lower Address Bits 
Masked 

L MSK determines whether the lower four 
address bits A03 through AOO are to be used 
as designated in the Programmable Chip 
Select Address Register at Port 3072H. 

L_MSK 
100908 

0 0 o -A09 through AOO are included 
in the address (Default value). 

0 0 1 - AOO is ignored. 

0 o -AOO, A01 are ignored. 

0 1 1 c AOO, A01 , A02 are ignored. 

1 0 o -AOO, A02, A03 are ignored, 
A01 is not ignored, ver. A-F. 
AOO, A01, A02 A03 are ignored, 
WD76C1 OA and newer. 

Bit 07 - PRG_L, Programmable Chip Select Bus 
Location 

PRG_L= 0-
Programmable Chip Select is on the 
RAO-7/EDO-7 bus (Default value). 

PRG_L= 1 -
Programmable Chip Select is on the 
expansion bus. 
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Bit 06 - HS_HD, High Speed Hard Disk Data 
Transfer Rate 

Enabling the high speed data transfers 
results in hard disk, 16-bit data transfers to 
be performed at a compressed timing rate 
rather than at the compatible bus rate. When 
operating in the high speed mode, the first 
data transfer is made at the compatible bus 
rate. Subsequent accesses to the hard disk 
port are made at high speed, with IOCS16 
ignored and the WD76C20 hard disk chip 
select remaining stable. 

NOTE 
This feature requires the use of the 
WD76C20 and should only be used with 
Western Digital IDE drives WD-AC280, 
WD-AC140, WD-AC160, WD-AC2120, 
WD-AP4200, WD-AB130 and WD
AH260. 

HS_HD = 0-
Compatible bus timing enabled 
(Default value). 

HS~HD = 1 -
High speed hard disk accesses enabled. 

Bit 05 - Not used, the state is ignored 

Bit 04 - PIS, Primary Or Secondary Disk 

The PIS bit is only used to select the floppy 
disk chip select address in the IDE mode. 
See Table 7-1, chip select numbers 08H 
through OSH. 

PIS = 0-
Primary hard disk and Floppy address 
selected (Default value). 

PIS = 1 -
Secondary hard disk and Floppy add
ress selected. 

Bit 03 - HS_287, Co-processor 80287 High 
Speed Timing 

Normal I/O read and write access to the 
80287 is made with eight bit bus timing. Set
ting HS_287 results in 16 bit bus timing. 

HS_287 = 0-
Normal 80287 timing (Default value). 

HS_287 = 1 -
Fast 80287 timing. 
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Bit 02 - LK_PSW, Prevent Locking Password 

Port 092H bit 3 (Lock_Pass) is used to 
prevent access to the CMOS RAM password 
area located at 38H through 3FH. Setting 
LK_PSW before attempting to set Lock_Pass, 
inhibits the setting of Lock_Pass. In this 
instance, it is possible to access the CMOS 
RAM password area. If Lock_Pass is set 
before LK_PSW, LK_PSW will have no effect. 

LK_PSW = 0-
Port 092H bit 3, Lock_Pass can be set 
(Default value). 

LK_PSW = 1 -
Port 092H bit 3, Lock_Pass can not be 
set. 

Bit 01 - DS_HD, Hard Disk Chip Select OCH, ODH 

DS_HD = 0-
Hard disk chip select is enabled 
(Default value). 

DS_HD = 1 -
Hard disk chip select is not generated. 

Bit 00 - DS_FLP, Floppy Disk Chip Select 08H, 
09H, OAH, OSH 

DS_FLP = 0-
Floppy disk chip select is enabled 
(Default value). 

DSJLP = 1 -
Floppy disk chip select is not generated. 

WD76C10AILPILV 

7.3 PROGRAMMABLE CHIP SELECT 
ADDRESS 

Port Address 3072H - Read and Write 

15 14 13 12 11 10 09 
A15 A14 A13 A12 A11 A1D AD9 

07 06 05 04 03 02 01 

AD? AD6 AD5 AD4 AD3 AD2 AD1 

Signal Default 

08 

ADS 

00 
ADD 

Name At RSTIN 
All signals ............... None 

7.4 CACHE FLUSH 

Port Address F872H - Write only 

1

15 

114 13 112 111 110 109 1 08 

1

07 

1 06 105 
1

04 1 03 1 02 I 01 
1 00 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . . . . None 
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7.5 I/O PORT ADDRESSES AND CHIP 
SELECT ASSIGNMENTS 

Table 7-1 lists the I/O addresses and chip selects 
generated for each fixed port type. Address bns A 15 
through A 10 are ignored for the I/O addresses listed 
with three digits. The ports are listed in the se
quence of the chip select value. 

I/O HEX CS PORT 
ADDRESS HEX# 

ROM Chip Select N/A 00 

Keyboard Control 060 - 06E 01 
Even 

80287 OOEO - OOFF 02 

Power Control 7072 03 

Reserved 04 

Real-Time Clock 070 05 

Real-Time Clock 071 06 

Real-Time Clock 071 07 

Floppy Operation 3F2 08 
Chip Select 372 

Floppy Chip Select 3F4,3F5 09 
374,375 

Floppy Control 3F7 OA 
Chip Select 377 

Floppy And HD 3F7 08 
Control Chip 377 
Select 

Hard Disk Chip 1FO, OC 
Select 1 F1 - 1 F7 

170, 
171 -177 

Hard Disk 3F6 00 
Chip Select 3F7 CD 

376 
377 CD 

PORT CHIP SELECT AND WD76C10ALP REFRESH 

FUNCTION 

Chip Select For 810S ROM 

Chip Select For 8042 

Chip Select For Numeric Processor 

PMC Write Strobe 0 

Reserved 

RTCALE 

RTC Write Strobe 

RTC Read Strobe 

Primary Address 
Secondary Address 

Primary Address 
Secondary Address 

Primary Address 
Secondary Address 
(Floppy Enabled, HD Disabled) 

Primary Address 
Secondary Address 
(Floppy Enabled, HD Enabled) 

Primary Address 

Secondary Address 

Primary Address 

Secondary Address 

TABLE 7-1. I/O ADDRESS AND CHIP SELECT ASSIGNMENTS 
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PORT I/O HEX CS @ FUNCTION 
ADDRESS HEX# 

Serial Port A 2E8 - 2EF OE 
Chip Select 2F8 - 2FF @ 

3E8 - 3EF 
3F8 - 3FF 

Parallel Port 0 278 - 27F OF 
Chip Select 378 - 37F 

3BC - 3BF 

Serial Port B 2E8 - 2EF 10 
Chip Select 2F8 - 2FF @ 

3E8 - 3EF 
3F8 - 3FF 

Program Chip PROG 11 
Select 

SCSI 3530 - 353X 12 

Cache Flush F872 13 

EMS 14 External EMS 
F072 15 48 MHz Clock Disabled 
F472 16 48 MHz Clock Enabled 

Power Control 7872 17 PMC Write Strobe 1 

Floppy Chip Select 3FO - 3F1 18 Primary Address 
370 - 371 Secondary Address 

Floppy Chip Select 3F3 19 Primary Address 
373 Secondary Address 

Reserved 1E Reserved 

Reserved iF Reserved 

CD IDE Hard disk enabled, floppy disabled 

@ The CS # (Chip Select number) is the decoded value of CS4 - CSO. If the programmed chip 
select corresponds to any other decode, the programmed chip select is suppressed. If 
serial port A and B are programmed for the same address, serial port B chip select is 
suppressed. 

TABLE 7-1.1/0 PORT ADDRESS CHIP SELECT ASSIGNMENTS cont. 
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8.0 POWER MANAGEMENT CONTROL 
The WD76C1 OA supports only the PMC inputs and 
GATE A20 PMC output. It does not support any of 
the PMC interrupt functions. The WD76C10ALP/LV 
supports all PMC inputs, output and interrupt 
functions. 

8.1 SYSTEM ACTIVITY MONITOR (SAM) 

The System Activity Monitor (SAM) found in the 
WD76C10ALP/LV is a hardware solution to 
monitoring system activity. SAM was conceived to 
solve the problems associated with system ac
tivity detection in various operating environments 
such as DOS, Windows, OS/2 arid VCPI. 

With the WD76C10ALP/LV a software approach 
was employed to determine system activity. This 
software approach was accomplished using a 
watchdog timer. As a part of the watchdog timer 
service, the sources of activity are checked and a 
det~~minatio~ is then made on the state of system 
activity. This approach does not consider the 
state of the system activity between watchdog 
timer interrupts. However, with SAM, the system 
activity state is continuously monitored through 
hardware, thus providing a more universal ap
proch to activity detection. 

With the help of SAM it is now possible to: 

• Provide a trigger when a pre-programmed 
period of system inactivity time elapses. 

• Enable/disable the sources that con
stitute system activity. 

• Select either coarse or fine timeout 
values for system inactivity period. 

System Activity 
System activity denotes periods of time in which 
the system performs useful tasks. The sources 
Of System Activity are: 

• Unmasked pending interrupts. 

• Unmasked interrupts in service. 

• Access to hard disk data port. 

• I/O Access to programmable chip select 
port. 

• DMA transfers. 

• Coprocessor cycles. 

• A programmable PCU input. 

POWER~~NAGEMENTCONTROL 

• NMI. 

SAM allows for excluding the following inter
rupt sources from contributing to system ac
tivity: 

• IRQ 0, used by DOS to keep track of 
the system time. 

• IRQ7, used for spurious interrupts and 
parallel port interrupts. 

• IRQ 8, used by Windows, OS/2 and 
other multitasking environments to keep 
the scheduler running. 

• A progammable interrupt level used as 
a power management interrupt. 

SAM also takes into account programs such as 
MOUSE.COM which, in an attempt to locate a 
mouse on a communication ·port, generates inter
rupts on interrupt levels 3 and 4, and leaves them 
pending. To overcome this problem, SAM allows 
only the unmasked pending interrupts on 3 and 4 
to constitute system activity. 

Using SAM for System Power Management: 

a) System Timeout Capability 

SAM can be programmed to determine 
coarse periods of inactivity, with the minimum 
period as one minute, four seconds, up to a 
~aximum period of 16 minutes. It is also pos
Sible to extend the maximum limit to any 
value by reading the Activity Before bit 
(ACTBEF) in the Activity Monitor Control 
Register at Port Address B072H. 

On reaching the programmed period, SAM 
generates a Local Attention signal. Typically, 
the Local Attention is tied to a power 
management interrupt. In response to Local 
Attention, the power management interrupt 
handler makes it possible to prepare the sys
tem for a Suspend operation. 

b) Responding to a Suspend Request 

SAM can be programmed to determine a 
clean breakpoint for suspending the system 
upon receiving the Suspend request. At the 
time the Suspend request is received, it is 
possible that the system is busy performing 
an indivisible operation, and it is necessary to 
wait for the system to finish this indivisible 
operation before initiating suspend. In order 
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to do this, control to the CPU must be relin
quished for just enough time for the CPU to 
complete the operation. This is referred as 
Suspend arbitration. 

In addition to performing Suspend arbitration, 
SAM is also responsible for determining the 
earliest opportunity to initiate the Suspend 
sequence. For instance, if a Suspend re
quest is caused by a low battery condition, it 
is imperative that the system be placed in the 
suspend state as soon as possible. Here the 
fine granularity of SAM may be used to deter
mine brief periods of inactivity from as low as 
7.8 milliseconds to as high as 117.2 mil
liseconds, and establish a clean breakpoint 
for Suspending the system. 

Advantages of SAM: 

1. SAM is a reliable and consistent ap
proach to detecting system activity. 

2. SAM is hardware based making it truly 
non-obtrusive. 

3. SAM is independent of the operating en
vironment and the execution mode of 
the processor. 

4. SAM can perform in two modes: 

• Detection of system activity for ex
tended periods of time, for the purposes 
of system timeout. 

• Detection of brief periods of inactivity 
for initiating Suspend. 

5. Programmability allows for the control of 
sources of system activity and setting 
up coarse and fine timeout values. 

6. SAM generates a signal called Local 
Attention (LCL_ATN) on reaching 
programmed periods of timeout. This 
signal is generally tied to an unused 
IRQ level to invoke the Power Manage
ment program. 

7. SAM also carries information on DMA 
activity state. This is used for determin
ing whether it is appropriate to place the 
processor in the Sleep Mode. 

8. SAM makes it possible to read the state 
of the interrupt controllers and, if needed, 
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reprogram them on Resume. This is 
provided to handle the spurious inter
rupts that are generated by devices at 
powerup time on Resume. 

NOTE 
SAM cannot be used for determining 
when the processor should be placed in 
the Sleep Mode. This determination is in
timately tied to the operating environ
ment and is handled by Western Digital's 
Power Management drivers DOS/vCPI, 
Windows and OS/2. 

8.2 PROCESSOR POWER DOWN MODE 

The Processor Power Down Mode is initiated by 
setting bit 13 of the register at Port Address 
1872H to one. The CPURES signal is asserted, 
then tristated. An internal 200K pullup resistor 
holds the CPU RES active. The Processor Power 
Down (PMC # 5) signal from the PMC Control 
Register is used to control the power converter 
from the processor. The WD76C10ALP/LV holds 
CPUCLK, READY, HOLD, INTRQ and NMI low to 
the processor. 

The same conditions used tq restart a stopped 
clock also initiate the Power Up Mode. The 
Power Up Mode is entered by an unmasked 
DRQ, unmasked IRQ interrupt or a PMC input 
change, resulting in an unmasked NMI to Port 
9072H. A Processor Power Good signal is then 
input on the PMCIN pin. After 1 ms., PMC 
Processor Power Good signal is checked for a 
logic 1 state. At this time, CPU RES is driven high 
and the CPUCLK, READY, HOLD, INTRQ and 
NMI signals are driven to their correct states. 
CPU RES remains asserted for 64 additional 
CPUCLKs. 

The PMC unit is composed of two external chips, 
74HCT273 octal latch used for the eight PMC 
outputs from data bus EDO - ED? and a 
74HCT151 8:1 multiplexer used for the PMCIN 
signal. The PMC output latches are cleared at 
power up (see Figure 5-1). 

The keyboard processor may access the 
WD76C10ALP/LV's internal registers by way of 
the PMC logic. The keyboard processor starts a 
local access by asserting LCL_REQ, which 
causes PMCIN 2 to be asserted and written in the 
PMC input register at Port 8872H {see Figure 5-1 
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and Table 8-2). The WD76C10ALP/LV arbitrates 
with refresh, DMA and master for a hold cycle 
from the processor. When the processor returns 
a hold acknowledge (HLDA), the WD76C10ALP/LV 
asserts LCL_ACK (PMC output 3 from Port 
7072H) on the EDO - ED7 data bus. The key
board processor then passes the opcode/address 
byte to the WD76C10ALP/LV on the data bus and 
drops the LCL_REQ. The WD76C10ALP/LV 
responds by de-asserting LCL_ACK. 

If the opcode specified a register write, data high 
(D15 through D08) and data low (D07 through 
DOO), bytes are passed to the WD76C10ALP/LV. 
If the opcode specified an 1/0 read, the data high 
and data low bytes are sent from the 
WD76C 1 OALP ILV to the keyboard processor. 

POWER MANAGEMENT CONTROL 

All special operation registers within the 
WD76C10ALP/LV may be accessed in this man
ner without first unlocking the register. See sec
tion 2.8.2, Port Address F073H, for Lock/Unlock 
Register. This method allows the keyboard 
processor to control speed switching and other 
parameters without host processor intervention. 

Figure 8-1 shows the handshake procedure, 
followed by the keyboard controller and the 
WD76C10ALP/LV. 

Figures 8-2 and 8-3 represents the power down 
and power up sequence and control. 
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3 5 

LOCAL REO --.J 
2 

LOCAL ACK _____ ....1 L 
4 6A 7A 

lOR --.J U LJ LJ 
68 78 

lOW ---1r-------------...,L..Jr-----,Ur---

8042 Requests local data transfer 

2 WD76C10ALP/LV returns LOCAL-.ACK after receiving HLDA from the host processor 

3 8042 loads address and OPCODE into data register, then drops LOCAL_REO 

4 WD76C10ALP/LV reads address and OPCODE 

5 8042 Reloads data register with high byte, then asserts LOCAL_REO 

6A WD76C10ALP/LV Reads high byte 

7A WD76C10ALP/LV Read low bytl;!, writes to internal register 

FOR READ CYCLE OF WD76C10ALP/LV INTERNAL REGISTER: 

68 WD76C10ALP/LV Writes high byte to 8042 

78 WD76C10ALP/LV writes low byte to 8042 

OP_CODE FORMAT 

7 6 5 4 3 2 0 

I D IR IR S vi A A A A A A 
1 5 1 4 1 3 1 2 1 1 1 0 

DIR 1 - Read register (generates lOW to 8042) 

DIR 0 - Write register (generates lOR to 8042) 

FIGURE 8-1. REGISTER ACCESS BY KEYBOARD CONTROLLER 
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8.3 PMC OUTPUT CONTROL REGiSTERS 

PMC OUTPUT CONTROL 7:0 

Port Address 7072H - Bits 07-00 are Read only 

15 I 14 I 13 I 12 I 11 I 10 I 09 I 08 

07 1 06 1 051 04 1 03 1 02 I 01 1 00 

OUT OUT OUT OUT OUT OUT OUT OUT 
76543210 

Signal Default 
Name At RSTIN 
All signals ... . . . . . . . . . . . . None 

Featured only in the WD76C1 OALP/LV 

PMC PMC OUTPUT SIGNAL 
NO. PORT7072H 

OH CPU Clock driver enable 
1H LCD Enable 
2H Backlight enabled 
3H LCL_ACK 
4H LCL_ATN 
5H Processor powerdown 
6H GateA20 
7H Full powerdown 

POWER MANAGEMENT CONTROL 

PMC OUTPUT CONTROL 15:08 

Port Address 7872H - Bits 07-00 are Read and 
Write 

15 I 14 I 13 I 12 I 11 1 10 I 09 I 08 

07 I 06 I 05 I 04 1 03 1 02 1 01 1 00 

OUT OUT OUT OUT OUT OUT OUT OUT 
FED C B A 98 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . . . . . None 

Featured only in the WD76C10ALP/LV 

PMC PMC OUTPUT SIGNAL 
NO. PORT 7872H 

8H User defined 
9H User defined 
AH User defined 
BH User defined 
CH User defined 
DH User defined 
EH User defined 
FH User defined 

TABLE 8·1. PMC OUTPUT SIGNALS 
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8.4 PMC TIMERS 

Port Address 8072H - Read and Write 

When no keyboard or Mouse interrupts have 
occurred for the time specified by BL31MEOUT or 
LCD_TIMEOUT, PMC Output 1 or 2 is written to 
the PMC OUTPUT CONTROL 7:0 register at 
Port Address 7072H (see Table 8-1) to disable the 
LCD or Backlight. The timer is reset and the 
Backlight and LCD control re-enabled at the 
refresh cycle following a Keyboard or Mouse inter
rupt. The Mouse Interrupts are programmed by 
bits 151 and 00 (BL_MOU) in the RAM Shadow 
And Write Protect Register at Port Address 
6072H. The same timer is used for the Backlight 
and LCD timeout. 

The timeout delay may be programmed in incre
ments of five seconds, to a maximum of 1,270 
seconds, or 21 minutes and 10 seconds. 

WD76C10AlLPILV 

15 114 1 13 1 12 1 11 J 10 1 09 1 08 

BL_TIMEOUT 

07 1 06 1 05 1 04 1 03 1 02 1 01 1 00 

LCD31MEOUT 

Signal Default 
Name At RSTIN 
BL TIMEOUT * ............ 0 
LCD_TIMEOUT * ........... 0 

* Featured only in the WD76C10ALP/LV 

Bits 15-08 - BL_TIMEOUT, Backlight Time Out 

OOH - Backlight always disabled 
01H - Enabled for 5 seconds 
02H - Enabled for 10 seconds 

t 
FEH - enabled for 254 X 5 seconds 
FFH - Backlight enabled 

Bits 07-00 - LCD_TIMEOUT, LCD Time Out 

OOH - LCD always disabled 
01 H - Enabled for 5 seconds 
02H - Enabled for 10 seconds 

t 
FEH - enabled for 254 X 5 seconds 
FFH - LCD enabled 
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8.5 PMC INPUTS 

Port Address 8872H - Read and Write 

15 14 13 I 12 I 11 I 10 I 09 I 08 

PMC EN AF AF AF AF AF AF 
UPD LCL 7 6 5 4 3 2 

07 I 06 I 05 I 04 I 03 I 02 I 01 I 00 

IN IN IN 
7 6 5 

IN 
4 

IN 
3 

IN IN 
2 1 

Signal Default 
Name At RSTIN 
PMC UPD .............. 0 
EN LCL * .............. 0 
AF7-AF2 * .............. 0 
INY-INO ................ None 

* Featured only in the WD76C10ALP/LV 

Bit 15 - PMC_UPD, Enable PMC Update 

PMC_UPD = 0-
No update cycles occur. 

PMC_UPD = 1 -

IN 
o 

A change of state of PMC outputs 7 
through 0 (Port Address 7072H) or the 
internal A20 GATE, causes an update 
cycle of the PMC 7:0 output latch. 

Bit 14 - EN_LCL, Enable Local Request 
Featured only in the WD76C10ALP/LV 

EN_LCL enables the PMCIN 2 to initiate a local 
access of the WD76C10ALP/LV internal 
registers from the keyboard controller. 

EN_LCL= 0-
PMCIN 2 is user defined. 

EN_LCL= 1 -
PMCIN 2 is LOCAL_REO. 
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Bits 13-08 - AF7-AF2, Local Attention Flags 
Featured only in the WD76C1 OALP/LV 

Local attention flags AF7 through AF2 are set 
to indicate which PMC input(s) have caused 
LCL_ATN in PMC Interrupt Enable Register 
at Port C872H to be asserted. To clear the 
flag and corresponding IN bit in the PMC In
puts Register, it is necessary to clear the cor
responding EA bit in PMC Interrupt Enable 
Register. If both an EA bit and EI bit in the 
PMC Interrupt Enable Register are set, both 
must be reset to clear the corresponding IN 
status and AF flag. 

AF7 - AF2 = 0-
This PMC input did not cause LCL_ATN 
to be asserted. 

AF7 - AF2 = 1 -
This PMC input caused LCL_ATN to be 
asserted. 

Bits 07-00 -IN7-INO, PMC Inputs 7-0 

The Activity Mon~or Mask Register at Port Ad
dress D872H may be used to select one of the 
PMC inputs IN7 through IN2 as a source of 
activity for power management purposes. 

IN7 through INO are status flags which pro
vide information about the corresponding 
PMC input IN7 through IND. IN1 and INO rep
resent the current state of the input, while IN7 
through IN2 represent either the current state 
or a latched transition. An IN7 through IN2 
status is unlatched when both the cor
responding EI and EA bits in the PMC Inter
rupt Enable Register at Port C872H are reset. 
It becomes a latched status when either the 
corresponding EI or EA bit is set. See Table 
8-2. 
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8.6 PMC INTERRUPT ENABLE 

Port Address C872H - Read and Write 

15 114 1 13 1 12 1 11 1 10 09 

EI7 EI6 EI5 EI4 EI3 EI2 
Non-maskable Interrupt Enable 

07106105104103102 01 

EA7 EA6 EA5 EA4 EA3 EA2 
Local Attention Enable 

Signal Default 
Name At RSTIN 
E17-E12 * ............... 0 
EA7-EA2* ............... 0 

* Featured only in the WD76C10ALP/LV 

Bits 15-10 - EI7-EI2, Non-maskable Interrupt 
enable 7 through 2 

08 

00 

Featured only in the WD76C10ALP/LV 

EI7 through EI2 enable the generation of an 
NMI when the corresponding PMC inputs 
IN_7 through IN_2 in Port 8872H change 
state. For example, when EI7 is a 1 and 
INJ changes from a 0 to 1 an NMI will be 
generated. 

PMCINPUT PMC INPUT 
NUMBEReD NAME 

OOH TURBO 
01H PROC PWR GOOD 
02H LCL_REQor-

User Defined 
03H User Defined 
04H User Defined· 
05H User Defined 
06H User Defined 
07H User Defined 

eD Port Address 8872H, section 8.5 
® Port Address 9072H, section 8.7 

Port Address 8872H, section 8.5 
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E17-E12 = 0-
Non-maskable Interrupt not enabled 

E17-E12 = 1 -
Non-maskable Interrupt is enabled 

Bits 09,08 - Not used, state is ignored 

Bits 07-02 - EA7-EA2, Local Attention Enable 
Featured only in the WD76C1 OALP/LV 

EA7 through EA2 enable the assertion of 
LCL_ATN by the corresponding INJ through 
IN_2. LCL_ATN is PMC output number 4. 

EA7-EA2 = 0-
LCL_ATN is not enabled 

EA7-EA2 = 1 -
LCL_ATN is enabled 

Bits 01,00 - Not used, state is ignored 

INTERRUPT ON SETS FLAG 
NUMBER® 

IF20rAF2 
Transition 
Transition IF3 or AF3 
Transition IF40rAF4 
Transition IF5 or AF5 
Transition IF6 or AF6 
Active Edge IF7 or AF7 

TABLE 8-2. PMCIN INPUTS 
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8.7 NMI STATUS 

Port Address 9072H - Read and Write 

15 14 13 12 11 10 09 

0 0 0 0 0 0 0 

07 I 06 I 05 I 04 I 03 I 02 01 

IF? IF6 IF5 IF4 IF3 IF2 0 
Non-maskable Interrupt Flags 

Signal Default 
Name At RSTIN 
IF7-IF2 {:( ............... 0-0 

{:( Featured only in the WD76C10ALP/LV 

Bits 15-08 - Not used, must be 0 

Bits 07-02 - IF7-IF2, Non-maskable Interrupt 
flags 7 through 2 
Featured only in the WD76C10ALP/LV 

08 

0 

00 

0 

NMI interrupt flags IF7 through IF2 are set to 
indicate which PMC input(s), if any, have 
caused NMI to be asserted. To reset the flag 
and corresponding IN status bit in the PMC 
Input Register at Port 8872H, it is necessary 
to reset the corresponding bit in the PMC In
terrupt Enable Register at Port C872H. If 
both an EA bit and EI bit in the PMC Interrupt 
Enable Register are set, both must be reset 
to clear the corresponding IN status and IF 
flag. 

Bits 01, 00 - Not used, must be 0 
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8.8 SERIAUPARALLEL SHADOW 
REGISTER 

Port Address D072H - Read only 

The Shadow Register is particularly useful in lap
top applications by allowing the suspend/resume 
software to restore correct status to on-board 
serial and parallel devices. 

15 I 14 13 I 12 11 I 10 I 09 I 08 

SP_A SP_B PP_2 

07 I 06 I 05 I 04 I 03 I 02 I 01 I 00 

PP_o 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . . . . . None 

Bits 15, 14 - SP _A, Serial Port A Register 2 

This field represents bits 7 and 6 of Serial 
Port A Register 2. 

Bits 13, 12 - SP _B, Serial Port B Register 2 

This field represents bits 7 and 6 of Serial 
Port B Register 2. 

Bits 11-08 - PP _2, Parallel Port Register 2 

This field represents bits 3-0 of Parallel Port 
Register 2 

Bits 07-00 - PP _0, Parallel Port Register 0 

This field represents bits 7-0 of Parallel Port 
Register O. 
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8.9 INTERRUPT CONTROLLER SHADOW 
REGISTER 

Port Address D472H - Read only 

When performing a resume operation, it may be 
advantageous to reset and reinitialize the interrupt 
• controllers in the WD76C10AlLP/LV. Since many 
of the interrupt control registers are write only, it is 
impossible to determine the state of the interrupt 
controllers at suspend time. This register makes 
it possible to determine the state of selected sig
nals internal to the master and slave interrupt con
trollers. With this information, when the interrupt 
control registers are reinitialized during resume, 
they can be returned to the state in which they 
were before suspend. 

ICW2, ICW4, OCW2 and OCW3 referred to in this 
text is further defined in sections 5.5.2.2, 5.5.2.4, 
5.5.3.2 and 5.5.3.3. 

15 14 1 13 12 11 10 09 08 

AMT DEV TM7 TS7 SF AUT_ RA 
OUT NM EOI EOI 

07106105 04 1 03 1 02 01 00 

PLM2 PLM1 PLMO PLS2 PLS1 PLSO SMM SMM 
Priority Level Master Priority Level Slave M S 

Signal Default 
Name At RSTIN 
Bits 15, 12-00 ............. None 
Bits 14, 13 ............... 00 

Bit 15 - AMTOUT, Activity Monitor TImeout 

AMTOUT represents the current state of the 
timeout comparator in the activity monitor. It 
is for test purposes only 

Bit 14, 13 - DEV, Device 

DEV identifies the device as WD76C10AlLP/LV 
or WD7710 and is used in conjunction with 
VER at. Port Address 9872H and SVER at 
Port Address A872H. DEV, VER and SVER 
are defined in Table 9.1. 
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Bit 12 - TM7, Master Interrupt Vector Bit 7 

TM7 represents bit 7 of the Interrupt Vector in 
the Master Interrupt Controller as set by 
ICW2. Bits 6 through 3 of the Interrupt Vector 
may be read from 06 through 03 by a Poll 
Command to the Master Interrupt Controller . 
The Poll Command is implemented by P _C = 
1 (bit 2 of OCW3). 

Bit 11 - TS7, Slave Interrupt Vector Bit 7 

TS7 represents bit 7 of the Interrupt Vector in 
the Slave Interrupt Controller as set by ICW2. 
Bits 6 through 3 of the Interrupt Vector may 
be read from 06 through 03 by a Poll Com
mand to the Slave Interrupt Controller. The 
Poll Command is implemented by P _C = 1 
(bit 2 of OCW3). 

Bit 10 - SFNM, Special Fully Nested Mode 

SFNM represents the state of ICW4 - bit 4 
in the Master Interrupt Controller. The 
WD76C10AlLP/LV does not require SFNM 
for the slave interrupt controller and ignores 
its state. 

Bit 09 - AUT_EOI, Auto End Of Interrupt 

AUT _EOI represents the state of ICW4 - bit 1 
in the Master Interrupt Controller. The 
WD76C10AlLP/LV does not require 
AUT _EOI for the slave interrupt controller 
and ignores its state. 

Bit 08 - RA_EOI, Rotate Auto End Of Interrupt 

RA EOI indicates whether or not Rotate On 
Automatic End Of Interrupt has been selected 
in the Master Interrupt Controller by 
EOI_CONT (bits 7 through 5 of OCW2). The 
WD76C10AlLP/LV does not require Rotate 
On End Of Interrupt for the slave interrupt 
controller and ignores its state. 

RA EOI = 0-
- Rotate On Auto End Of Interrupt has 

not been selected. 

RA_EOI = 1-
Rotate On Auto End Of Interrupt has 
been selected. 

Bits 07-05 - PLM2-PLMO, Priority Level Master 

PLM2-PLMO represent the bottom priority 
level programmed into the Master Interrupt 
Controller by INT _LEV (OCW2 bits 2 through 
0). 
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Bits 04-02 - PLS2-PLSO, Priority Level Slave 

PLS2-PLSO represent the bottom priority 
level programmed into the Slave Interrupt 
Controller by INT _LEV (OCW2 bits 2 through 
0). 

Bit 01 - SMMM, Special Mask Mode Master 

SMMM indicates whether Special Mask 
Mode has been set in the Master Interrupt 
Controller by a write to SMM in OCW3. 

SMMM = 0-
Special Mask Mode is not enabled. 

SMMM = 1 -
Special Mask Mode is enabled. 

Bit 00 - SMMS, Special Mask Mode Slave 

SMMS indicates whether Special Mask Mode 
has been set in the Slave Interrupt Controller 
by a write to SMM in OCW3. 

SMMS = 0-
Special Mask Mode is not enabled. 

SMMS = 1 -
Special Mask Mode is enabled. 

8.10 PORT 70H SHADOW REGISTER 

Port Address E472H - Read only 

Bits 15 and 14 provide the information required to 
generate software delays, without incurring the 
operating system traps that result from accessing 
1/0 Port 0061 H in virtual 86 mode. Port 70H 
Shadow Register may be accessed without first 
being unlocked, making it possible to read bits 15 
and 14 frequently for generating time delays. 

Bits 13 and 12 provide interrupt and DMA status 
information required to determine when the 
processor may be placed in Sleep Mode. 

Bits 07 through 00 provide a means of determin
ing the contents of the write only Real-Time Clock 
Address Register at Port 0070H, described in 
section 5.8.1. Since it is necessary to access the 
Real-Time Clock CMOS RAM during suspend and 
resume operations, the Port 70H Shadow 
Register makes it possible to restore the Real
Time Clock to the state in which it was before 
entering Suspend Mode. 

POWER MANAGEMENT CONTROL 

15 14 13 12 11 I 10 I 09 I 08 

ClK REF INT NO 
32K DT RQ DMA Reserved 

07 I 06 I 05 I 04 I 03 I 02 I 01 I 00 

I/O Port 0070H Shadow 
D RTC RTC RTC RTC RTC RTC RTC 
NMI A6 A5 A4 A3 A2 A1 AO 

Signal Default 
Name At ASTIN 
D NMI ................. 1 
sits 11-08 . . . . . . . . . . . . . . . . 0-0 
All other signals . . . . . . . . . . . . . None 

Bit 15 - CLK32K 

CLK32K is PDREF (at input pin 117) divided 
by two. CLK32K may be read to provide a 
stable timing reference, not subject to 
reprogramming of the refresh rate. CLK32K 
has a 30.5 J.ls period and a 50% duty cycle. 

Bit 14 - REFDT, Refresh Detect 

REFDT changes state on each refresh and is 
the same as bit 4 in Port Address 0061 H 
described in section 5.9. 

Bit 13 - INTRa, Interrupt Request 

This is the state of the INTRQ signal at output 
pin 55. 

Bit 12 - NODMA, No DMA 

NODMA= 0-
A DMA or Bus Master Cycle has occurred 
within the last 61 J.ls 

NODMA= 1 -
A DMA or Bus Master Cycle has not 
occurred within the last 30.5 J.ls 

Bits 11-08 - Reserved. Currently defaults to 
0000, but is subject to change. 

Bit 07-00-
D_NMI, Disable Non-maskable Interrupt 
RTCA6-RTCAO, Real-Time Clock Address 

Bits 07 through 00 represent the state of the 
Disable Non-maskable Interrupt and Real
Time Clock Address as set by the last write to 
Port Address 0070H. 
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8.11 ACTIVITY MONITOR CONTROL 
REGISTER 

Port Address B072H - Bits 15, 13-11, 08-00 Read 
and Write 
Bits 14,10,09 Read only 

For an overview of the Activity Monitor Register, 
see the general description of the Activity Monitor 
Mask Register in section 8.12. 

15 14 13 12 11 10 09 08 

IRR CB12 AM ACT IND ACT ACT AM 
AE TM LCH ET AFT BEF EN 

07 I 06 I 05 I 04 03 I 02 I 01 I 00 

Coarse Timeout Count Fine Timeout Count 
AMC7 AMC6 AMC5 AMC4 AMC3 AMC2 AMCl AMCO 

Signal 
Name 
IRRAE .............. . 
CB12 .............. . 
AMTM ............. . 
ACTLCH ............ . 
INDET . . ..... . 
ACTAFT ...... . 
ACTBEF ...... . 

Default 
At RSTIN 

· . 0 
· . None 
· . 0 

AMEN. . ........ . 

None 
None 
None 
None 
o 

AMC7-AMCO .. . ........ . 0-0 

Bit 15 • IRRAE, Interrupt Request Register 
Activity Enable 

IRRAE controls whether or not the IRR (Inter
rupt Request Register) bits from the Interrupt 
Controller at Port Address 020H, OAOH may 
be a source of activity (refer to section 5.5). 

IRRAE = 0-
No IRR bits can be used as an activity 
source. 

IRRAE = 1 -
IRR bits can be a source of activity. 
IRR8, IRR7 and IRRO may still be 
masked by Port Address D872H. 

Bit 14 • CB12, Counter Bit 12 

For factory use only. 

The activity monitor circuitry contains a 17-bit 
timeout counter for generating long timeouts. 
For test purposes, CB12 represents the 
twelfth bit of that counter. 

WD76C10AlLPILV 

Bit 13· AMTM, Activity Monitor Test Mode 

AMTM = 0-
Activity Monitor functions normally. 

AMTM = 1 -
Activity Monitor is in Test Mode. Activity 
Monitor State Machine is clocked faster 
than normal and nine stages of the 17-
bit timeout counter are bypassed. 

Bit 12· ACTLCH, Activity Latch 

This latch is always enabled, regardless of 
other enable bit settings. Writing a 1 to 
ACTLCH has no effect. 

ACTLCH = 0-
The Activity Latch is reset by writing 0 
to ACTLCH. 

ACTLCH = 1 -
Activity by an unmasked source has oc
curred. 

Bit 11 -INDET, Inactivity Detect 

Writing a 1 to INDET has no effect. 

INDET = 0-
Writing 0 to INDET, or placing the Activity 
Monitor in the idle state by writing 0 to 
AMEN (bit 8), resets INDET, ACTAFT 
and ACTBEF. 

INDET = 1 -
System is idle and the Activity Monitor 
has requested the local attention output 
be set. This occurs when there has 
been no unmasked activity, allowing the 
predetermined timeout (bits 07-00) to 
be reached. 

NOTE 
PMCIN transitions may also cause the 
local attention (LCL_ATN PMC 4) output 
to be set. 

Bit 10 • ACTAFT, Activity After INDET 

ACTAFT is a read only bit and its state is 
ignored during writes. 

ACTAFT= 0-
Writing 0 to INDET, or placing the Ac
tivity Monitor in the idle state by writing 
o to AMEN (bit 8), resets INDET, ACT
AFT and ACTBEF. 
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ACTAFT = 1 -
Activity has occurred after INOET had 
been set. This would happen when ac
tivity occurs during the time it takes to 
reach the interrupt service routine invoked 
by the local attention output request. 

Bit 09 - ACTBEF, Activity Before INOET 

ACTBEF is a read only bit and its state is 
ignored during writes. 

ACTBEF = 0-
Writing 0 to INOET, or placing the Activity 
Monitor in the idle state by writing 0 to 
AMEN (bit 8), resets INOET, ACTAFT 
and ACTBEF. 

ACTBEF = 1 -
Activity did occur and reset the timeout 
counter before INOET was set. This is 
important if consecutive timeout periods 
are being counted in a service routine 
to obtain a system timeout period other 
than that available using AMC7-AMCO 
(bits 07-00). It would be necessary for 
the routine to clear the software counter 
if ACTBEF were set, since there would 
have been no activity only for the period 
of time programmed in AMC7-AMCO. 

Bit 08 - AMEN, Activity Monitor Enable 

This is the master enable for the Activity 
Monitor. 

AMEN = 0-
Writing 0 to AMEN places the Activity 
Monitor in the idle state. 

AMEN = 1 -
Writing 1 to AMEN causes the Activity 
Monitor to start clocking the timeout 
counter. Each time an unmasked 
source of activity is detected, the 
counter is cleared. If no unmasked 
source of activity is detected before the 
timeout counter reaches the value 
programmed by ACM7-ACMO, INOET 
and the local attention output are set. 
The timeout counter is then cleared and 
a new timeout sequence begins. 

Bits 07-04 - AMC7-AMC4, Activity Monitor 
Counter Coarse 

AMC7-AMC4 establish the timeout values 
from 64 seconds to 16 minutes in 64 second 
increments. These bits must only be written 
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when the Activity Monitor is disabled (AMEN 
= 0). They may be read at any time. 

AMC 7 6 5 4 

o 0 0 0 0 seconds 
o 0 0 1 1 minute, 4 seconds 
o 0 1 0 2 minutes, 8 seconds 
o 0 1 1 3 minutes, 12 seconds 
o 1 0 0 4 minutes, 16 seconds 
o 1 0 1 5 minutes, 20 seconds 
o 1 1 0 6 minutes, 24 seconds 
o 1 1 1 7 minutes, 28 seconds 
1 0 0 0 8 minutes, 32 seconds 
1 0 0 1 9 minutes, 36 seconds 
1 0 1 0 10 minutes, 40 seconds 
1 0 1 1 11 minutes, 44 seconds 
1 1 0 0 12 minutes, 48 seconds 
1 1 0 1 13 minutes, 52 seconds 
1 1 1 0 14 minutes, 56 seconds 
1 1 1 1 16 minutes, 0 seconds 

Bits 03-00 - AMC3-AMCO, Activity Monitor 
Counter Fine 

AMC3-AMCO establish the timeout values 
from 7.8 milliseconds to 117.2 milliseconds in 
7.8 millisecond increments. Tolerance on 
time delays is -0, +3.9 milliseconds. These 
bits must only be written when the Activity 
Monitor is disabled (AMEN = 0). They may 
be read at any time. 

AMC 3 2 1 0 

o 0 0 0 - 0 milliseconds 
o 0 0 1 - 7.8 milliseconds 
o 0 1 0 - 15.6 milliseconds 
o 0 1 1 - 23.4 milliseconds 
o 1 0 0 - 31.3 milliseconds 
o 1 0 1 - 39.1 milliseconds 
o 1 1 0 - 46.9 milliseconds 
o 1 1 1 - 54.7 milliseconds 
1 0 0 0 - 62.5 milliseconds 
1 0 0 1 - 70.3 milliseconds 
1 0 1 0 - 78.1 milliseconds 
1 0 1 1 - 85.9 milliseconds 
1 1 0 0 - 93.8 milliseconds 
1 1 0 1 - 101.6 milliseconds 
1 1 1 0 - 109.4 milliseconds 
1 1 1 1 - 117.2 milliseconds 

NOTE 
The fine timeout delay (AMC3-AMCO) is 
added to the coarse timeout delay 
(AMC7-AMC4) to obtain the total timeout 
delay. 
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8.12 ACTIVITY MONITOR MASK REGISTER 

Port Address D872H - Read and Write 

The activity monitor provides a hardware solution for 
determining inactivity in a system. Knowing when a 
system is inactive is key to performing such power 
reduction activities as suspend. When the Activity 
Monitor is enabled by the Activity Monitor Control 
Register at Port Address B072H, the Activity Monitor 
clocks a counter and invokes a service routine using 
local attention when the counter reaches a 
programmed timeout value. However, while the 
counter is being clocked, the Activity Monitor con
tinuously monitors for any of several events that 
would indicate that the system is active. If any of 
these events occur, the counter is reset and the 
timeout starts over. Thus the service· routine is only 
invoked when the system has been inactive for a 
programmed period of time. 

To provide a high degree of flexibility in determining 
what is active and what is not, many sources are 
routed to the Activity Monitor. These include the IRR 
(Interrupt Request Register) and ISR (In Service 
Register) bits from the Interrupt Controller, the PMC 
inputs, NMI output, DMA (or AT Master) cycles and 
I/O accesses to either the numeric coprocessor, hard 
disk data port or programmable chip select. All of 
these sources are considered activity unless masked. 

The interrupt input masks are controlled in the lower 
byte. All ISR and IRR bits are detected as activity 
except those specifically masked. Note, however, 
that ISR2 and IRR2 are not examined since they are 
cascade interrupts only. Also, IRR3 and IRR4 are 
qualified by the Mask Register in the Interrupt Control
ler before being passed to the Activity Monitor. The 
master mask for all IRR bits is the IRRAE bit in the 
register at Port Address B072H. 

15 14 

PCS PMC 
M ILS 

07 1·06 

IMS1 IMSO 

Signal 
Name 
All signals 

13 I 12 I 11 

PMC PMC PMC 
IS2 IS1 ISO 

05104103 

IRRS IRR7 IRRO 
M M M 

10 09 08 

NMI HDD COP 
M M M 

02 I 01 I 00 

ISRS ISR7 
M M 

Default 
At RSTIN 

ISRO 
M 

........ 0 
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Bit 15 - PCSM, Programmable Chip Select 
Mask 

PCSM = 0-
Read or write I/O accesses to the ports 
defined by the programmable chip select 
in the WD76C10ALP/LV are considered 
activity. 

PCSM = 1 -
Read or write I/O accesses to the ports 
defined by the programmable chip select 
in the WD76C10ALP/LV are ignored. 

Bit 14 - PMCILS, Power Management Control 
Input Level Select 

PMCILS determines which logic level on the 
selected PMC input is to be considered ac
tive. (See bits 13-11, PMCIS2-0.) 

PMCILS = 0-
PMCIN is active low. 

PMCILS = 1-
PMCIN is active high. 

Bits 13-11 - PMCIS2-PMCISO, Power 
Management Control Input Select 

One of the PMC inputs IN7 through IN2 at 
Port Address 8872H may be selected for 
detection as a source of activity. 

NOTE 
The EI and EA bits at Port Address 
C872H, corresponding to the selected IN 
signal, should be cleared to prevent the 
IN signal from being latched internally. 

PMCIS2 1 0 
o 0 0 - PMC input 2 selected 
o 0 1 - PMC input 3 selected 
o 1 0 - PMC input 4 selected 
o 1 1 - PMC input 5 selected 
1 0 0 - PMC input 6 selected 
1 0 1 - PMC input 7 selected 
1 1 0 - Reserved 
1 1 1 - Disabled, no PMC 

inputs checked 

Bit 10 - NMIM, Non-maskable Interrupt Mask 

NMIM = 0-
The NMI output is used as a source of 
activity. 

NMIM = 1 -
The NMI output is ignored. 
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Bit 9 - HDDM, Hard Disk Data Port Mask 

HDDM = 0-
If the hard disk chip select has been 
enabled by bit 01 at Port Address 
2B?2H, 1/0 read and write operations to 
the 16-bit hard disk data port are al
lowed as a source of activity. 

HDDM = 1 -
The hard disk data port 1/0 is ignored. 

Bit a - COPM, Coprocessor Mask 

COPM = O-
1/0 cycles to the coprocessor are 
treated as a source of activity. For an 
B02B6 system, this is 1/0 address range 
OOFBH-OOFFH. For an 803B6SX sys
tem, this is when A23 is high and MilO 
is low. 

COPM = 1 -
1/0 to the coprocessor is ignored. 

Bits 07, 06 -IMS1-0, Interrupt Mask Select 

The local attention generated by the Activity 
Monitor will be routed to an available interrupt 
input to invoke a service routine. That inter
rupt is not to be detected as a source of ac
tivity. IMS1-0 provide a selection of four pos
sible inputs to be used for this function and 
masks the corresponding IRR and ISR bits 
as sources of activity. 

·IMS 1 0 
o 0 - IRQ5 masked 
o 1 - IRQ1 0 masked 
1 0 - IRQ11 masked 
1 1 - IRQ15 masked 

Bit 05 - IRR8M, Interrupt Request Register 8 Mask 

IRRBM = O-
Real-Time Clock Interrupt (IRR8) may 
be detected as a source of activity. Bit 
15 in the Activity Monitor Control Register 
at Port Address BO?2H must also be 
set. 

IRRBM = 1 -
Real-Time Clock Interrupt (IRRB) is ig
nored. 
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Bit 04 - IRR7M, Interrupt Request Register? Mask 

IRR?M = 0-
Parallel Port or Spurious Interrupt 
(IRR?) may be detected as a source of 
activity. Bit 15 in the Activity Monitor 
Control Register at Port Address BO?2H 
must also be set. 

IRR?M = 1 -
Parallel Port or Spurious Interrupt 
(IRR?) is ignored. 

Bit 03 - IRROM, Interrupt Request Register 0 Mask 

IRROM = 0-
Time Of Day Interrupt (IRRO) may be 
detected as a source of activity. Bit 15 in the 
Activity Monitor Control Register at Port Ad
dress BO?2H must also be set. 

IRROM = 1 -
Time Of Day Interrupt (IRRO) is ignored. 

Bit 02 - ISRaM, Interrupt Service Register B Mask 

ISRBM = O-
Real-Time Clock Interrupt (ISRB) may 
be detected as a source of activity. 

ISR8M = 1 -
Real-Time Clock Interrupt (ISR8) is ig
nored. 

Bit 01 - ISR7M, Interrupt Service Register? Mask 

ISR?M = 0-
Parallel Port or Spurious Interrupt 
(ISR?) may be detected as a source of 
activity. 

ISRi'M = 1 -
Parallel Port or SpurioCJs Interrupt 
(ISR?) is ignored. 

Bit 00 - ISROM, Interrupt Service Register 0 Mask 

ISROM = 0-
Time Of Day Interrupt (ISRO) may be 
detected as a source of activity. 

ISROM = 1 -
Time Of Day Interrupt (ISRO) is ignored. 
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8.13 SAVE AND RESUME 

When the WD76C10ALP/LV is in the Save And Resume Mode, it typically draws less than 500 J.LA. 
Figuresr8-2 and 8-3 illustrate the steps that the WD76C10ALP/LV goes through during power down and 
power up. 

BCLK2(pln) 

BCLK2 
(intemal) 

CLK14 

3 CHIP SEL'S 

INSTRUCTION 

PMCWRITE 

PMC CLOCK 
Qntemal) 

POWER 
DOWN 

VGA 

\ 

"- -- -- -- --, - -- -- -- -- -~- -1.:]'---
PROCESSOR & FULL 

POWER 
DOWN 

.nmuumunU~op~n~2KH§I~ 

NORMAL REFRESH, INPUTS, OUTPUTS 

IGNORE INPUTS, 

USE PO-REFRESH, 

TURN OFF PULLUPS 

TRISTATE OUTPUTS 

PMC INPU~ 
BCLK2 (pin) 

BCLK2 
(Internal) 

FIGURE 8-2. POWER DOWN 
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UP 

PROCESSOR PWR G-"O-'-OO=---____ ---' 
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PROCESSOR & BUS R.:.:E::.SE::.:T _____ --' 

I 
L-J-----::::-::-c=,,-------I 

300-400 msec ~ WRITE F472 
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I 

L 
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FIGURE 8-3. POWER UP 
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9.0 DIAGNOSTIC MODE 
Simultaneously asserting MASTER, MEMR and 
MEMW while RSTIN is asserted, causes all out
put pins to become tristated. The outputs remain 
tristated if RSTIN is de-asserted while MASTER, 
MEMR and MEMW are asserted. The outputs be
come active drivers when RSTIN is asserted and 
any of the MASTER, MEMR or MEMW are not 
asserted. This all output tristate mode allows an 
in-circuit board tester to drive the System Control
ler's output pins. 

9.1 DIAGNOSTIC REGISTER 

Port Address 9S72H - Read and Write 

15 114 1 13 12 11 10 09 08 

VER ClK_ REF AUT_ ClK 
TST MAS- A20 sw 

07 06 05 I 04 I 03 I 02 I 01 I 00 

sx DS DIAG 

Signal Default 
Name At RSTIN 
VER .................. VER# 
ClK TST ............... 0' , 
REF-MAS ............... 0 
AUT-A20 ............... 0 
Bit 09 ................. None 
ClK_SW ............... 0 
SX ................... None 
OS ................... 0 
DIAG ................. 0-0 

Bits 15, 14,13 - VER, Version Number 

The initial version number is 000 and is incre
mented with every mask change. If version 
seven is read, it is necessary to read the 
device type (DEV) from Port Address D472H, 
then the secondary version number (SVER) 
from Port Address A872H. See Table 9-1. 

DIAGNOSTIC MODE 

Version 
000WD76C10 Initial Rev. A 
001 WD76C10 Rev. B 
010 WD76C10 Rev. C 
011 WD76C10 Rev. D 
100 WD76C10 Rev. E 
101 WD76C10 Rev. F 
110 WD76C10A Rev. A 
111 Extended Versions 

PORT ADDRESS D472H PORT ADDRESS A872H 
DEVICE SECONDARY VERSION 

Bits 14 13 Device BitS 15 1413 12 Version 
o 0 WD76C10A 0 o 0 0 A 
o 1 WD771 0 0 o 0 1 B 
1 0 Reserved 0 o 1 0 C 
1 1 Reserved - - - -

1 1 1 1 P 

TABLE 9-1. EXTENDED VERSION NUMBER 

Bit 12 - CLK_TST, Clock Test 

Diagnostics for factory use only. 

Bit 11 - REF_MAS, Bus Master Refresh 

Additional external logic may be required to 
support the bus master initiated refresh. 

REF_MAS =0-
Does not support bus master initiated 
refresh (Default value). 

REF_MAS = 1 -
Supports bus master initiated refresh. 

Bit 10 ~ AUT_A20, Automatic Gate A20 

Normally, the Alternate Gate A20 signal from 
Port 092H is OR'ed with the 8042 Gate A20. 

When the AUT _A20 bit is set, the Alternate 
Gate A20 control bit automatically changes 
state to match the keyboard's Gate A20. Bit 
1 (ALT_A20G) of Port 092H is set or reset 
according to the way 8042 is programmed. 
When the keyboard data port is read using 
the D1 keyboard controller command, the 
state of the Gate A20 status bit is replaced by 
that of AUT_A20. 

The state of the A20 gating signal is available 
on PMC output 6 by reading Port 7072H (see 
Table 8-1). 
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AUT_A20 = 0-
Normal Alternate Gate A20 (Default 
value). 

AUT_A20 = 1 -
Automatic Gate A20 

Bit 09 - Not used, state is ignored. 

Bit 08 - CLK_SW, Clock Switch 

The short clock switch reset pulse width is 1 
Ils plus 16 CPUCLKs. The 80486 processor 
requires aims clock switch. 

CLK_SW = 0-
Short clock switch reset width (Default 
value) 

CLK_SW = 1 -
1 ms clock switch reset width 

Bit 07 - SX, 80386SX Processor 

At power up the System Controller samples 
the type of processor in the system. 

SX = 0-
80286 processor was detected. 

SX = 1 -
80386SX processor was detected. 

DIAG FUNCTION 

00000 Normal Speaker 
00001 Speaker Disabled 
00010 Reserved 
00011 
00100 
00101 
00110 
00111 
01000 
01001 
01010 
01011 
01100 
01101 
01110 
01111 

WD76C1OAILPILV 

Bit 06 - DS, Diagnostic Signal 

DS represents the state of the diagnostic sig
nal selected by DIAG (bits 05 through 00). 

Bits 05-00 - DIAG, Diagnostic Function 

DIAG selects the diagnostic function to be 
performed. The DS bit represents the state 
of the signal selected. Table 9-2. lists the 
tests available. 

DIAG = 00000 - Diagnostic output disabled, 
speaker normal. 

DIAG = 00001 - Diagnostic output disabled, 
speaker disabled. 

DIAG FUNCTION 

10000 Reserved 
10001 " 
10010 " 
10011 " 
10100 " 
10101 " 
10110 " 
10111 " 
11000 

, 

11001 
11010 
11011 
11100 
11101 
11110 
11111 

TABLE 9-2. DIAGNOSTIC TESTS 
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9.2 DELAY LINE DIAGNOSTIC REGISTER 

Port Address A072H - Read and Write 

15 14 13 12 I 11 I 10 I 09 I 

07 06 05 I 04 I 03 I 02 I 01 I 00 

LAT DL DELAY 

Signal 
Name 

Default 
At RSTIN 

Bits 15-08 ............ . 
LAT ................. . 
DL .................. . 
DELAY ............... . 

Bit 07 - LAT, Latch Output Strength 

None 
o 
o 
None 

The delay line count value (bits 05-00) is 
used to control the output buffer strength. 
The output buffer strength is normally ad
justed every time the delay count changes. 
LAT may be used to lock the buffer strength 
at its present value. 

LAT = 0-
The output buffer strength is adjusted 
when the delay count changes. 

LAT = 1 -
The output buffer strength is locked at 
its present value. 

DIAGNOSTIC MODE 

Bit 06 - DL, Delay Freeze 

The internal self tuning delay line normally is 
updated by one delay element during every 
refresh cycle. For test purposes, the delay 
may be forced to stop generating calibration 
cycles. When delay line updates are frozen, 
the tester may write different delay line 
counter values in bits 05-00. 

DL= 0-
Normal delay line operation (Default 
value) 

DL= 1 -
Freeze delay line 

Bits 05-00 - DELAY, Delay Counter Value 

The delay line counter value is used to con
trol the output buffer strength. 

This register may be written to when DL is set 
to one. 
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9.3 TEST ENABLE REGISTER 

Port Address A872H - Bits 15-10 Read only 
Bits 09-00 Read and Write 

The test function bits 07-03 are for factory use only. 

15 I 14 I 13 I 
SVER 

07 06 

OLD BFC 
IHLD 3 

Signal 
Name 
All signals 

05 

BIST 
3 

12 

04 

BFC 
40 

11 

BF40 

03 

BIST 
40 

10 09 

BC40 RSVD 

02 01 

EN DISFA 
PLD 

Default 
At RSTIN 

... 0-0 

08 

TDL 

00 

EN 
LVL 

Bits 15-12 - SVER, Secondary Version Number. 

Refer to VER at Port Address 9872H and 
Table 9-1. 

Bit 11 - BF40, EMS Register Self Test Status 

Bit 10 - BC40, EMS Register Self Test Status 

Bit 09 - RSVD, Reserved for future use. 

Bit 08 - TDL, Test Delay Line. 

Bit 07 - OLD _IHLD, 

OLD_IHLD = 0 -
SX test not enabled 

OLD_IHLD = 1 -
SX test enabled 

Bit 06 - BFC3, 

BFC3 = 0-
DMA register file test 

BFC3 = 1 -
DMA register file test 

Bit 05 - BIST3, 

BIST3 = 0-
DMA register file test 

BIST3 = 1 -
DMA register file test 

Bit 04 - BFC40, 

BFC40 = O-

WD76C10AILPILV 

EMS mapping RAM 

BFC40 = 1 -
EMS mapping RAM 

Bit 03 - BIST40, 

BIST40 = O-
EMS mapping RAM 

BIST40 = 1 -
EMS mapping RAM 

Bit 02 - EN_PLD, Enable Pulldown 

EN_PLD = 0-
Pulldown resistors are not enabled. 

EN_PLD = 1 -
40K to 100K internal pulldown resistors 
will be enabled during processor power 
down or full power down on processor 
address lines A23 through AOO, and on 
processor data lines 015 through 000. 

Bit 01 - DISFA, Disable First Access 

DISFA = 0-
First access Page Mode cycles are not 
disabled. 

DISFA= 1 -
First access Page Mode cycles are dis
abled. Page Miss cycles occur instead. 

Bit 00 - EN_LVL, Enable Level 

The Interrupt Controller may be programmed 
to support Level Sensitive Mode for diagnos
tic adapters which may need to test this 
capability. 

EN_LVL = 0-
Level Sensitive Interrupt Mode in the 
8259 Interrupt Controller is not sup
ported. L_ T (bit 3) at Port 020H has no 
effect. 

EN_LVL = 1 -
Level Sensitive Interrupt Mode in the 
8259 Interrupt Controller is supported. 
L_ T (BIT 3) at Port 020H now controls 
the selection of Edge or Level sensed 
interrupts. 
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9.4 TEST STATUS REGISTER 

Port Address DC72H - Read only 

For factory use only. 

15 I 14 I 13 12 I 11 I 10 1 09 J 08 

Delay Line Status 
CAL MED SLOW DLT6 DLT5 DLT4 DLT3 

07 I 06 05 I 04 I 03 I 02 I 01 

DLT1 DLTO 

Signal 
Name 
All signals 

BF34 BF33 

Bit 15 - CAL, Calibration 

CAL= 0-

BF32 BF31 BF30 

Default 
At RSTIN 

... None 

DLT2 

00 

BC 

Internal delay line has not completed 
initial calibration. 

CAL = 1 -
Internal delay line has completed initial 
calibration. 

DIAGNOSTIC MODE 

Bits 14, 13 - MED, SLOW, Medium and Slow 

These bits provide information regarding the 
output buffer strength. 

MED SLOW 
o 0 - Output buffers are set to low 

strength (fast WD76C10A). 
o 1 Invalid 
1 0 - Output buffers are set to 

medium strength (medium 
speed WD76C10A). 

- Output buffers are set to full 
strength (slow WD76C10A). 

Bits 12-06 - DLT6-DLTO, 

These bits provide information about internal 
nodes and are for test purposes only. Their 
state is dependent upon the test mode 
selected and the speed of the WD76C1 OA. 

Bits 05-01 - BF34-BF30, 

These bits provide information about internal 
nodes and are for test purposes only. Their 
state is dependent upon the test mode 
selected and the speed of the WD76C1 OA. 

Bit 00 - BC 

This bit provides information about internal 
nodes and are for test purposes only. Its 
state is dependent upon the test mode 
selected and the speed of the WD76C1 OA. 
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10.0 DC ELECTRICAL SPECIFICATIONS 
This section provides the DC Operating Characteristics for the WD76C1 OA/LP. The parameters for the 
WD76C10ALV that differ from these are marked with an * and appear in the appendix. 

10.1 MAXIMUM RATINGS 

Vcc - Vss ~ 7.0 Volts Supply Voltage (Vcc) with respect to Vss (ground) 

Voltage on any pin with respect to Vss (ground) 

Operating Temperature 

Storage Temperature 

Power Dissipation 

Vss -0.3 Volts to Vdd +0.3 Volts 

OOC (32°F) to 70°C (15SoF) 

-40°C (-40°F) to 125°C (257°F) 

600 mW* 

NOTE 
Maximum limits indicate where permanent device damage 
occurs. Continuous operation at these limits is not intended 
and should be limited to those conditions specified in the DC 
Operating Characteristics. 

10.2 DC OPERATING CHARACTERISTICS 

TA = OOC (32°F) to 70°C (15SoF) 
Vcc = +5V ±.25V (5%) for WD76C1 OA and WD76C1 OALP * 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

ilL Input Leakage ±10 I-lA Vin = .4 to Vcc 

IOZ Tristate And Open Drain ±10 I-lA Vout = .4 to Vcc 
Output Leakage 

VIH Input High Voltage 2.0 V 

VIL Input Low Voltage .8 V 

VIHC CPUCLK Input High * 3.6 V 

VIL CPUCLK Input Low .6 V 

ICC Supply Current * 200 rnA Inputs at 2.0V 
150 rnA Inputs at 5.0V 

Outputs Open, 
CPUCLK = 32 MHz 

ICCSS Typical Supply Current, .5 rnA Typical, 
Power Down Mode For CPUCLK Off, 
WD76C10ALP CLK14 = 32 KHz 

TABLE 10-1. DC OPERATING CHARACTERISTICS 
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FOR PINS WITH INTERNAL PULLUPS: 
MASTER, lOCK, IOCS16, MEMCS16, ==ZE==R:-:::O~W=S, IOCHROY, ROYIN, POREF 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

ilL Input Pull up Current • -30 -110 IlA Not suspend and resume mode 

TABLE 10-1. DC OPERATING CHARACTERISTICS cont. 

-----~=7":" 

MilO, PEACK, NPERR, NPSUSY, SO, S1, NPRST, CPURES, OPH, OPL 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

ilL Input Pullup Current • -30 -110 mA Not processor down or 
suspend mode 

TABLE 10-1. DC OPERATING CHARACTERISTICS cont. 

PMCIN, IOCHROY, ZEROWS, IOCS16, MEMCS16, MASTER, POREF, REFRESH, SHE, lOR, lOW, MEMR, 
MEMW 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

ilL Input Pullup Current • -30 -110 mA Not suspend mode 

TABLE 10-1. DC OPERATING CHARACTERISTICS cont. 

CASL3, CASL2, CASH3, SOT/R 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

ilL Input Pullup Current • -30 -110 mA RESET IN =0 

TABLE 10-1. DC OPERATING CHARACTERISTICS cont. 

FOR PINS WITH INTERNAL PULLDOWNS: 
A23-AO, 015-00 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

ilL Input Pulldown Current • -30 -110 ~A Processor power down or 
suspend mode 

TABLE 10-1. DC OPERATING CHARACTERISTICS cont. 
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FOR OUTPUTS: 
DACK2-0, DACKEN~5-DO, READY, CPURES, HOLD, INTRQ, A23-AQ.. NMI,-DPH, DPL, RA1O-RAJ!, 
RA7/ED7-RAO/EDO, BHE, RAS3-RASO, CASL3-CSLO, CASH3-CASHO, W/R, DT/R, DEN1, DENO, SDT/R, 
SDEN, CSEN, LOMEG 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

VOH Output High Voltage * Vee -.8 V lOUT = -100!1A 

VOH Output High Voltage * 2.4 V IOUT= -2 mA 

VOL Output Low Voltage * .4 V IOUT=2mA 

TABLE 10-1. DC OPERATING CHARACTERISTICS cont. 

FOR OUTPUTS: 
MXCTL2-0 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

VOH Output High Voltage Vee -.8 V lOUT = -200 !1A 
VOH Output High Voltage * 2.4 V lOUT = -4 mA 

VOL Output Low Voltage * .4 V IOUT=4 mA 

TABLE 10-1. DC OPERATING CHARACTERISTICS cont. 

FOR OUTPUTS: 
lOR, lOW, MEMR, MEMW, AEN, SYSCLK, BALE, LA20, SAO 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

VOH Output High Voltage 2.4 V IOUT=-3 mA 

VOL Output Low Voltage * .5 V IOUT=24 mA 

TABLE 10-1. DC OPERATING CHARACTERISTICS cont. 

FOR OUTPUT: 
REFRESH 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

VOL Output Low Voltage * .5 V lOUT = 24 mA 

TABLE 10-1. DC OPERATING CHARACTERISTICS cont. 
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11.0 AC OPERATING CHARACTERISTICS 
The AC Operating Characteristics are divided into 
three major categories: Memory Timing, section 
11.1, AT Bus Timing, section 11.2 and Processor 
Timing, section 11.3. 

This section provides the AC Operating Charac
teristics for the WD76C10AlLP. The parameters 
for the WD76C10ALV that differ from these are 
marked with an * and appear in the appendix. 

Table 11-1 lists the timing tables and figures, and 
their section location. 

TABLE FIGURE TITLE 
NUMBER NUMBER 

11-3 80286 - Page Mode Memory Timing 
11-1 80286 - Page Mode First Access ReadlWrite 
t 
11-6 80286 - Page Mode Read Hit Followed By Write Hit 

11-4 80286 - Non-Page Mode 00 Memory Timing 
11-7 80286 - Non-Page Mode 00 1 Wait State Write 
11-8 80286 - Non-Page Mode 00 1 Wait State Read 
11-9 80286 - Non-Page Mode 00 2 Wait States Read After Write 

11-5 80286 - Non-Page Mode 01 Memory Timing 
11-10 80286 - Non-Page Mode 01 0 Wait State Write 
11-11 80286 - Non-Page Mode 01 0 Wait State Read 

11-6 80386SX - Page Mode Memory Timing 
11-12 80386SX - Page Mode, First Access ReadlWrite 
t 
11-17 80386SX - Page Mode, Write Miss Following A Write 

11-7 80386SX - Non-Page Mode 00 And Mode 01 
11-18 80386SX - Non-Page Mode 00 1 Wait State Read 
t 
11-21 80386SX - Non-Page Mode 00 1 Wait State Read 

11-8 CPU Initiated AT Bus Cycles 
11-22 AT Bus 110 Or Memory Read: 8-Bit, Default Timing 
t 
11-31 AT Bus I/O Or Memory Write: 16-Bit, Default Timing 

11-9 Entering The AT Bus 
11-32 80286 CPU - Asysnchronous CPUCLK To SYSCLK, 

BREQ Delay = 1/2 Clock 
t 
11-37 80386SX CPU - Synchronous CPUCLK To SYSCLK 

11-10 Exiting The AT Bus 
11-38 Synchronous AT Bus Cycle Completion, 

AT Bus Clock = 1/2 CPUCLK 
t 
11-41 Asynchronous AT Bus Cycle Completion, 

BAK_DEL = 0 Or +0.5 AT Bus Cycles 
11-11 DMA Entering And Exiting The AT Bus 

11-42 Basic DMA Cycle, Default Timing 
11-43 DMA Cycle, 8-Bit 110 To On-board Memory 
11-44 DMA Cycle, On-board Memory To 8-Bit I/O 

11-12 AT Bus Master Cycle 
11-45 AT Bus Master, Bus Acquisition/Release 
11-46 AT Bus Master, Write To On-board Memory 
11-47 AT Bus Master, Read From On-board Memory 

11-13 AT Bus Refresh Cycle, Default Timing 
11-48 AT Bus Refresh Cycle, Default Timing 

TABLE 11-1. TIMING FIGUREITABLE NUMBERS 
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SECTION 

11.1.1 
11.1.1 

11.1.1 
11.1.2 
11.1.2 
11.1.2 
11.1.2 
11.1.3 
11.1.3 
11.1.3 
11.1.4 
11.1.4 

11.1.4 
11.1.5 
11.1.5 

11.1.5 
11.2.1 
11.2.1 

11.2.1 
11.2.2 
11.2.2 

11.2.2 
11.2.3 
11.2.3 

11.2.3 

11.2.4 
11.2.4 
11.2.4 
11.2.4 
11.2.5 
11.2.5 
11.2.5 
11.2.5 
11.2.5 
11.2.5 
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TABLE FIGURE TITLE SECTION 
NUMBER NUMBER 

11-14 80286 CPU TIMING 11.3 
11-49 80286 - CPU RES AND NPRST DURING POWER UP 11.3 
t 
11-54 80286 - MISCELLANEOUS TIMING 11.3 

11-15 80386SX CPU TIMING 11.3 
11-55 80386SX - CPURES AND NPRST DURING POWER UP 11.3 
t 
11-62 80386SX - OUTPUT DELAY TIMING 11.3 

TABLE 11-1. TIMING FIGUREITABLE NUMBERS cont. 

SIGNAL LOAD SIGNAL LOAD SIGNAL LOAD 

CPU RES 50 pF NPRST 50 pF BHE 50 pF 
WiR 50 pF ALE 50 pF DEN1, DENO 50 pF 
SO EN 50 pF DTiA 50 pF SDTiA 50 pF 
MXCTL2 - 0 50 pF DACKEN 50 pF CSEN 50 pF 
LOMEG 50pF SPKR 50 pF READY 50 pF 
HOLD 50 pF INTRQ 50 pF NMI 50 pF 
BUSYCPU 50 pF EPEREQ 50 pF A23 - AO 60 pF 
CPUCLK 70 pF SYSCLK 75 pF CASH3-0* 75 pF 
CASL3 - 0 75 pF 015 - DO 100 pF DPH 100 pF 
DPL 100 pF RAS3 - RASO 150 pF lOW 200 pF 
lOR 200 pF MEMW 200 pF MEMR 200 pF 
LA20 200 pF SAO 200 pF AEN 200 pF 
BALE 200 pF REFRESH 200 pF RA10 - RAO * 350 pF 

TABLE 11-2. SIGNAL LOADING 
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11.1 MEMORY TIMING 

Sections 11.1.1 through 11.1.5 present the 
memory timing for Page Mode and Non-Page 
Mode, for the 80286 and 80386SX processors. 

Categories are grouped as follows: 

80286 
Page Mode 
Non-Page Mode 00 
Non-Page Mode 01 

80386SX 
Page Mode 
Non-Page Mode 00 and 01 

11.1.1 80286 Page Mode Timing 

SYMBOL CHARACTERISTIC 

AC OPERATING CHARACTERISTICS 

Mnemonics used in the timing diagrams and 
tables are defined as: 

TC Command Cycle 
TW Wait State Cycle 
TS Status Cycle 
WNRDRAM - Write Not Read DRAM (WiR 

pin 119). 

MAX MAX 
12.5 MHz 20 MHz 

T220 Processor address to RAM address valid, Page Hit 32 30 
T221 CPUCLK fall to CAS fall, 2.5 CLK CAS 36 34 
T222 CPUCLK rise to CAS rise 29 27 
T223· CPUCLK rise to CAS fall, 2.0 CLK CAS 30 26 
T224 Processor data to parity valid 25 22 
T225 CPUCLK fall to RAM address valid, Page Miss 39 36 
T226 CPUCLK fall to WNRDRAM rise 34 31 
T227 CPUCLK rise to RAS fall, first access 28 26 
T228 CPUCLK fall to column address valid 44 41 
T229 CPUCLK fall to WNRDRAM fall 34 31 

-
T232 CPUCLK fall to RAS rise, Page Miss 29 27 
T233 CPUCLK rise to RAS fall, Page Miss 28 26 
T234 CPUCLK rise to READY rise 24 22 
T235 CPUCLK rise to READY fall 24 22 

TABLE 11-3. 80286 - PAGE MODE MEMORY TIMING 
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TC TW 

A2~-AO, 
MilO 

~--~I +I--+I~ ~~I 41--4--41~4--------:x V AL,I D , 1 X,------,I------,--I ------'_--'---I ----'------'-----__ 

RA10-RAS, 
RAD7-RADO 

T225 ~ LL 1 T22W LL 1 

j(: DR~M ROW ¥'-----l--p_RA-+-M: C-+-?-+-L : _ 

ITk27~ L 1 1 

RASm 
1 I ' 1 1 
II I~~I~~I~~ ____ ~ 

CASLm 
CASHm 

WNRDRAM 

1 1 Tk2~ ~ _, LT222 

--+:~:----~: -~I ~: ~~~ 
T226-, Ii i 

T22~ ~ 

: 1,---' __ 

1 1 1 

READY II~--------~II 1 

(WRITE CYCLE) __ ---'. '----____ --'-I 

1 

READY J 
(READ CYCLE) 

FIGURE 11-1. 80286 - PAGE MODE FIRST ACCESS READ/WRITE 
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A23-AO, 

: 
X : VALID MilO 

I I 
RA10-RAS, 

I T220 -->J I ,-- I I I I 

< ' INVALID X I Cal I I RAD7-RADO 
I I I I LI I 

LT222 
I I T2123-1 -I 

CASlm 
I I I 1 : CASHm 
I I I I 

READY, 11 II II I 
WRITE HIT 

I I I 

i :1 :1 
READY, 
READ HIT 

FIGURE 11·2. 80286· PAGE MODE READ CYCLE FOLLOWED BY A PAGE HIT 

WRITE READ 

CPUCLK (2X) 

A2~AO, 

: X: yALlD; (RP) X MilO 
T228-- ~ 

RA10-RA8, 

: ~O~ (WR)~: COL (RD) : RAD7-RADO 

T223----.1 ~ :----J I-- T222 
CASLm 

I I I I I CASHm 
I T22LJ 0-

WNRDRAM I II 
T23~ I-- I I-- T235 I-- T234 ~ ~ 

READY I 
FIGURE 11·3. 80286· PAGE MODE READ AFTER WRITE 
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CPUCLK (2X) 

~7foAO, -y,~ __ VA---1tf-ID_+: --iX,---+-: I_N_VA_L_19+--_-+: --+: --1:-+:--
RA10-RA8, 
RAD7-RADO 

RASm 

CASLm 
CASHm 

WNRDRAM 

READY 
(WRITE CYCLE) 

READY 
(READ CYCLE) 

T2,25 --l ~ i T228 --l I-- 1 1 1 
1 --:x 1 DRAM ROW X,-------:--I-=-C=OL:--I-I --

1 1 1 1 1 1 
T23~ I-- 1 T233--., I-- 1 1 1 

_----'I 1 1"---_---'--'-1 ----,-I -1-1 _ 
1 T22:W ~ U I-- T222 

----+-1 ----------,1 1 

T22~! I-- T229 ~ 

J 
J 

I 

FIGURE 11-4. 80286 - PAGE MODE, PAGE MISS READ/WRITE 
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A2~-AO, -:x V+UD : X INV+UD : : : MilO 

T225 -/ I.- [T228-/ l.- I I 
RA1O-RAB, -px r X I COL I I RAD7-RADO DRAM ROW 

I 
l.-

I I I 
T232 -oj I.- T233 -oj I I I 

~m I I I I I 
I I I I.- T222 T223 ----->J r- r 

CASLm 
I r CASHm I 

T229 -/ ~ 
WNRDRAM I 

READY 

FIGURE 11·5. 80286· PAGE MODE, WRITE MISS FOLLOWING WRITE 
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CPUCLK 

.+-. -- READ ---4"+-' -- WRITE -_. 
I I I 

A2'J.-AO, V I I I \ rLn / I 
MilO ---.1\ VA~I~ I '!JLP, VA~ID k= 

I T220~ Ll I I I --'-I ------' 

~~b~--~1to --:J: D~AM :COL: X,--+-: ___ +--__ COL 
: 

CASLm 
CASHm 

D15-DO 

T221 -.I lJ- T~22 -.I L T221-J I-

Ii: I I 

I I I~----
I I . . . . . . K PROCESSOR DATA 

I 
I 
I 
I 
I 

-.I 

I I T224-1 L 
I I I' /-' -----
I -J .. . '(]'X PARITY TO DRAM DPH,DPL 

T234--J r- i'235 

READY _----'n'--------'n'---_ 
FIGURE 11-6. 80286 - PAGE MODE READ HIT FOLLOWED BY A WRITE HIT 
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11.1.2 80286 Non-Page Mode 00 Timing 

SYMBOL CHARACTERISTIC MAX MAX 
12.5 MHz 20 MHz 

T234 See Table 11-3 
T235 See Table 11-3 

-
T252 CPUCLK fall to CAS rise 33 30 

-
T255 CPUCLK fall to RAS fall 35 32 

T270 CPUCLK fall to ROW address 46 42 
T271 CPUCLK fall to CAS fall 37 34 

T273 CPUCLK fall to WNRDRAM fall 33 31 
T274 CPUCLK fall to WNRDRAM rise 33 31 

T275 Data holding tristate. CD 12 12 
T276 Clock fall to parity valid 30 27 
T277 CPUCLK fall to RAS rise 30 28 
T278 CPUCLK fall to COLUMN address valid 41 38 
T279 Processor address to ROW address 32 30 

CD Tristate times are not tested. Timing specifications are derived from simulation. 

TABLE 11-4. 80286 - NON-PAGE MODE 00 MEMORY TIMING 
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CPUCLK 

-\ J I I I I 
~~~AO, ~ VA,LlQ X IfVfLl,o 

SO : : : I : I I : 
I I I' I I I I 
I T234i1 ~ I ~ LL T235 

REAOY I I II I :' II 
II I II I ~----

ALE n I I ----t-I --'-----t----

015-00 i < ! ! ! ! > 
I T276, H- I I I 

DPH, DPL'"I''' .. ~ VALID 1 I 

T270~ L T~78~ L 1 J LT~70 
-\) I' I 1 I f---tl 1 __ 

RA10-RA8, -.!\ DRAM ,ROWX C9L X i ROW 
RAD7-RADO I 1 I I 

T274-- L T273-.1 L 

WNRORAM : I :: I L 
T255 -.J L T277 ---->J L 1 

RAS I: If---t-: ---
T271-J L ----1 L T252 

CAS I i 
FIGURE 11-7. 80286 - NON-PAGE MODE 00,1 WAIT STATE WRITE 

(4072H = 0001) 
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4-108 

CPUCLK 

A23-AO, 
MilO 

READY 

ALE 

D15-DO 

DPH,DPL 

RA10-RA8, 
RAD7-RADO 

WNRDRAM 

RAS 

CAS 

T S T C T W 

Jl 
X 'VALID' X INVAL'lD I I 
I \---If----+I -+---1 ---II I I I I 

I I I I I I I I I 
I I I· I I I I I 
I T234 rl 4- IT235 H 4- I 

r--: ---t-: --,I: : : 1 : : 

~:----~~~~:--~:~:--~: 
I I I I I I ~ LT275 

.1 .......... 1 .1. ... ~ DrAM: ~ .... . 
I I I I NOTE 1 

I i·:t D~AM ) .. 

T279~ L T278 ---. L II 4 L ~270 
I I I 

--:x ROt x ; COL IX ROW 

I I I I 
I I I I 

T255 ->j L T277 ->j L I 
1 i I!----'I~ 
T271~ L ~ LT252 

,----I -----,I 
NOTE 1: Data held by WD76C1 OA 

FIGURE 11-8. 80286 - NON-PAGE MODE 00, 1 WAIT STATE READ 
(4072H = 0001) 
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CPUCLK 

A23-AO, 
MilO 

READY 

ALE 

T W 

~ INVALID X 'vALid Y INVALID I 
I '-----+---+1 ---tI--+-l -----1( \ I I I 

---------.1 ----j I I II----r-I--r-I -t-I -rl--r-
I f---t-I -1-1---1· I I I I 
I I T234 ,----I 4- T235 ----I 4-

------.11 I I II i i II 
I I I I I I '-t-I-----r 

I II n--!-I ~I_+-I ---+ -------il--I--- I I I 
I I I I I ------I L T275 

----------~~--~ I 
D15-DO 

DPH,DPL 

RA10-RAS, < 
RAD7-RADO . 

WNRDRAM 

RAS 

DRIVEN BY P~OCESSOR .... ·1· . 
I NOTE 1 

VALID I I 
T279--1 LI 

COLYJX : 

T273 -J 

T255 -01 L T277-o1 LI 

--~~--~~I ~:~I~~:--
T271~ L ~ L T252 

CAS 
<---I ---,I 

NOTE 1: Data held by WD76C10A 

FIGURE 11-9. 80286 - NON-PAGE MODE MODE 00, 2 WAIT STATES READ AFTER WRITE 
(4072H = 0001) 
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11.1;3 80286 Non-Page Mode 01 Timing 

SYMBOL CHARACTERISTIC MAX MAX 
12.5 MHz 20 MHz 

T224 See Table 11-3 

T234 See Table 11-3 
T235 See Table 11-3 

T252 See Table 11-4 
T253 CPUCLK fall to WNRDRAM fall 34 31 
T254 . CPUCLK fall to WNRDRAM rise 34 31 
T255 See Table 11-4 

-
T257 CPUCLK rise to RAS rise 35 32 
T258 CPUCLK rise to COLUMN address valid 44 40 

T276 See Table 11-4 

TABLE 11-5. 80286 - NON-PAGE MODE 01 MEMORY TIMING 
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CPUCLK 

A23-AO, 
MilO 

READY 

ALE 

D15-DO 

T C 

VA~ID: X I I~VALID 

I I I II I 
I I I 

T234~ LI I I 
I I, II I I 

---'-__ --+.-I _Ii----J. I I I 
I I ---..J r T235 

I I I I I I 
-t1-T-2-24-~---l II-- I I I 

I I I I I 
········1·········0< I: I I I 

I I I I I 
). 

I T276 --, II-- I I I 
DPH, DPL ······I················-C>< I VALlq I 

I I I I IL 
T250 ~)L T258 I~ ~ I I-I, T250 

RA 1 O-RAB, --"- ROW I X 90L I X ROW 
RAD7-RADO I I I I 

T254 --, L, I T253 II 1,-
WNRDRAM I I I I '---_ 

T255 I L I ~ L.L T257 
-I II I,ll 

'I _ 

CAS 

T251 ~ L ~ I-- T252 
I, 11---' __ 

FIGURE 11-10. 80286 - NON~PAGE MODE 01, 0 WAIT STATE WRITE 
(4072H = 3560H) 
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CPUCLK 

A23-AO, 
MilO 

READY 

ALE 

015-00 

OPH,OPL 

RA10-RA8, 
RA07-RAOO 

WNRORAM 

T250 

AC OPERATING CHARACTERISTICS 

=X __ V_A-+-~I0-t-: ---t----'X I~VALIO 
I I I I II I 
I I I I 
I T234ULI II 
I I I I II I I I 

~I------~I ~I~. I I 
I I I ~ I- T235 

I I !I I II I I 
~Ir-----~ I I 

I I I I I I 
··1 .. ·1·1 ·1··( I I > .......... . 

I I I I '---.1--'1--' 
II·· ··1 ·1· . <,----,--1 ---;1---1>···· .. 
I I I I I I 
IL I~LI IlL 

----\) ROWT258 I~ I I 1\ ) T250 
~ I XI----fC-O-L---lI---\A ROW 

I I I I 
I I I I 
I I I I 

T255 ~ L I ~ lLT257 

I : I : 
T251 r-- T252 

I 
FIGURE 11-11. 80286 - NON-PAGE MODE 01, 0 WAIT STATE READ 

(4072H = 3560H) 
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11.1.4 B0386SX Page Mode Timing 

SYMBOL CHARACTERISTIC MAX MAX MAX 
12.5 MHz 20 MHz 25 MHz 

T200 Processor ADDRESS to RAM address valid, Page Hit 34 27 
T201 CPUCLK rise to CAS fall, 2.5 CLK CAS 31 25 
T202 CPUCLK fall to CAS rise 24 21 -
T203 CPUCLK fall to CAS fall, 2.0 CLK CAS 27 22 
T204 Processor data to parity valid 25 20 
T205 CPUCLK rise to RAM address valid, Page Miss 48 43 
T206 CPUCLK rise to WNRDRAM rise 31 28 
T207 CPUCLK fall to RAS fall, first access 27 21 
T208 CPUCLK rise to COLUMN address valid 49 33 
T209 CPUCLK rise to WNRDRAM fall 31 28 

-
T212 CPUCLK rise to RAS rise, Page Miss 27 24 
T213 CPUCLK fall to RAS fall, Page Miss 27 24 
T214 CPUCLK rise to READY fall * 19 18 
T215 CPUCLK rise to READY rise * 19 18 

TABLE 11-6. B03B6SX - PAGE MODE MEMORY TIMING 
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CPUCLK (2X) 

A23-AO, 
MIlO 

RA10-RA8, 
RAD7-RADO 

RASm 

CASLm 
CASHm 

WNRDRAM 

1 1 1 1 -:x VAL,ID X'-'-I_IN_V_AL_ID-'.I __ --'----'-I _--'----'--_ 

T205 --.I L 1 T208 __ I L I 1 

Y DR~M ROW: X~-'--: -L-: C0-----lL :--1-:_ 
IT207~ L 1 1 
1 I 1 1 

1 I 1 1 1 

1 1 1 1 IlL T202 

1 I
T203 ---., C r 

T20SJ L : m;J ~ 
__ ~I : : I ~I __ _ 

1 1 

READY .. I~------------~I 1 

(WRITE CYCL~ 1 

READY J 
(READ CYCLE) 

I 

FIGURE 11-12. 80386SX· PAGE MODE, FIRST ACCESS READ/WRITE 
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CPUCLK (2X) 

A23-AO, 
MIlO 

RA10-RAS, 
RAD7-RADO 

RASm 

CASLm 
CASHm 

WNRDRAM 

READY 

VA~ID : X: : INVALID: :::: 

T205 ~ W I T208 ~ L I I I I 

: -:J: DRAr ROW : X=: =: COL=: : = 
T212 --I L T213 --I L I I 

_-----'I : IL--+-: -+-+-: -+-1 -+-1 -
I I T203 -.j r-- +----..J L T202 

---.1-----,-1 ---.1 I r 
T206 -J L II T209 ~ ~ 

1 I ; 1"------' __ 

I I 
(WRITE CYCLE) J 

J 

1 I 

READY 
(READ CYCLE) 

FIGURE 11·13. 80386SX· PAGE MODE, PAGE MISS READIWRITE 
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CPUCLK (2X) 

A23-AO, 
MilO 

RA10-RAS, 
RAD7-RADO 

CASLm 
CASHm 

READY, 
WRITE HIT 

READY, 
READ HIT 

__ +~x : VALID X_-IN-VA-+-IL-ID-+----

~220~L I I 

. < ~ INVALID )<!--. ---+--'-----C-O+--~ ---1:--'------ : 
I I T2~3 __ I ~I __ I ~ T222 

-~I------~I------1I---t-I~· I I 'rl ----

I I I ~I ~I--~· 
---h II II I 

II I c--. -----t--I ----
I I I 
~ I~I ------~I~I __ _ 

FIGURE 11-14. 80386SX - PAGE MODE, READ CYCLE FOLLOWED BY A PAGE HIT 

WRITE READ 

CPUCLK (2X) 

A2~-AO, X MilO 

RA10-RA8, 
COL (RD): RAD7-RADO 

T220 I I ---- h- T222 I 
CASLm I I I 

I 
I 

CASHm I I I I 
I T229-.j ~ I 

WNRDRAM I II I 
T23W h- ~ h- T235 --J ~ T234 

I 

READY I 
FIGURE 11-15. 80386SX - PAGE MODE, READ AFTER WRITE 
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AC OPERATING CHARACTERISTICS WD76C10AILPILV 

CPUCLK 

A23-AO, 
MilO 

RA10-RAS, 
RAD7-RADO 

CASLm 
CASHm 

015-00 

DPH,DPL 

1+-1' -- READ -----+14.1.--- WRITE 

~ __ .-JX'----t-__ 

COL 

T201 --, I-- I--T202 

'------+-__ ....J I 

I( PROCESSOR DATA 

T~04 -.J I--
I ~--------.. ~ / X PARITY TO DRAM 

L --->i I-- T215 T214 --+I 

-------jl I 

FIGURE 11·16. 80386SX· PAGE MODE, READ HIT FOLLOWED BY A WRITE HIT 

CPUCLK (2X) 

A23-AO, 
: INVALID: MilO 
T20S _ I--

RA1O-RA8, 
DRAr ROW 

: X COL: RAD7-RADO 

T212 --I I T213 --I I-- I 
RASm I I I I 

I I T203 --J r-~ I-- T202 
CASLm 

I I I I I CASHm 
T206 .-J I L T209 =:l r-

WNRDRAM I I 
I 

I I 
READY J I 

FIGURE 11·17. 80386SX· PAGE MODE, WRITE MISS CYCLE FOLLOWING A WRITE CYCLE 
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11.1.5 80386SX Non-Page Mode 00 And 
Mode 01 Timing 

SYMBOL CHARACTERISTIC 

T204 See Table 11-6 

T214 See Table 11-6 
T215 See Table 11-6 

T240 CPUCLK rise to ROW address valid 
T241 CPUCLK fall to CAS fall 
T242 CPUCLK rise to CAS rise 
T243 CPUCLK rise to WNRDRAM fall 
T244 CPUCLK rise to WNRDRAM rise 
T245 ~PUCLK rise to RAS fall 
T246 CPUCLK rise to RAS rise 
T247 CPUCLK fall to RAS rise 
T248 CPUCLK fall to COLUMN address valid 
T249 CPUCLK rise to CAS fall 

T260 CPUCLK rise to COLUMN address 

AC OPERATING CHARACTERISTICS 
" . 

MAX MAX MAX 
12.5 MHz 20 MHz 25 MHz 

42 42 
27 27 
28 24 
28 28 
28 28 
25 23 
25 23 
29 29 
44 44 
29 29 

43 41 

TABLE 11-7. 80386SX - NON-PAGE MODE 00 AND MODE 01 MEMORY TIMING 
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AC OPERATING CHARACTERISTICS WD76C10AILPILV 

CPUClK 

ClK 

~ A23-AO, 
M/iO 

ADS# 

I : 
I I I I 

I I 

I I I I 
T21~ ~I 

I 
=1 ~T214 

I :1 READY I I I I I I I I 

-II I I I n I I 
ALE 

I I I I I 

I I I I I I 
D15-DO ··CD I I I 'I:I:X ) I 

T204-J ~ I I I I I 

DPH,DPl a tALID ; 
: :'I:I:X VALID 

: ) I 

I I 
T2,60~ ~I ~ ~T240 I 

RA10-RAS, ROW X C<?l X I ROW X COL X IRO'AI 
RAD7-RADO 

I I I I 

WNRDRAM I I I I 

RAS 

CAS 

I I I I 
1-

T245 --+i ~ T2
1
46 --+i ~ I 

I I I I 
T249-.1 ~ -.I ~ T242 

I I 

FIGURE 11-18. 80386SX - NON-PAGE MODE 00,1 WAIT STATE READ (PIPELINE) 
(4072H = 0001) 
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CPUClK 

ClK 

~ A23-AO, 
M/JO 

I : I I 
I I ADS# 

I I I 
T215i ~I =1 ~F14 

I :f READY 
I I I I I I I I 

-H I I H I I 
ALE 

I I I I 

I I I I I I I 
015-00 crx I I )(2[X I ) I 

T204~ ~ I I I I I I 

DPH,DPl ...... OS= tLiDI 

: :>OH VALID 
: ) I 

I 

T2,60 -.j ~ I --1 ~!240 I I 
RA10-RAS, ROW I X COL X ROW I X COL X ROW 
RAD7-RADO 

T244 .I~ I T243 -11-1 I 

WNRDRAM II I I U IL 

I I I I I 
T245~ ~ T2146~ ~I 

RAS I I I I 

T249-1 ~ -I ~T242 
CAS I I 

FIGURE 11-19. 80386SX - NON-PAGE MODE 00, 1 WAIT STATE WRITE (PIPELINE) 
(4072H = 0001) 
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CPUClK 

ClK 

A23-AO, 
MilO 

ADS# 

READY 

ALE 

D15-DO 

DPH,DPl 

, 

! 
l / I , 

<'----I __ VA-l-~_ID--+~__'V\ ~ Al:ID 

, '" , II ,---, -,----" I ~ 'f--I ---
I " , , 

T2115-, L , H 4-- T21,4 , 

, ,I--I -'-I ~,---jl' ',I 
---,-,--,--1, " , 'I 

~:-rl: : : ~~-----
I I~~~I __ ~I--~I~ ~ __________ _ 

·I( I I I X 
I I I I I I '-------

',--V I I I V 

X INVALID 

~ IVALID I (\ VALID 

T240 --I L T248 W L I ~ L T240 

=~6~-~~~o < R01 X : Cal: X ROW X 
I I I 

Cal ;C 
WNRDRAM I I I I 

: I I I 
RAS 

CAS 

T245 -1 L I ---<I ~ T247 

1 I fI I 
T241~ L ~ L T2-42-------' 

1 1 

FIGURE 11-20. 80386SX - NON-PAGE MODE 01, 0 WAIT STATE READ (PIPELINE) 
(4072H = 3560H) 
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CPUClK 

ClK 

A23-AO, 
MIlO 

ADS# 

( 

I 

AC OPERATING CHARACTERISTICS 

V ~LI D V~LI:D X INVALID 

: [I I II I: : 
I LI I I.! I I 

T215 I . I ~:I T214 

I I I I I II i: READY 

ALE 

D15-DO 

I I I I I I I 

: n: : : 11'---------m:::¢--
1~4--1 I I I 

DPH,DPL :0 I : VA~ID I ~~_. _V_A_l_ID ___ ~ 
T240 ---1 ~ T248~ ~ I ~ ~ T240 

=~b~~~~~o < ROW X I COL =X ROW X COL x= 
IL I IL T244 -I I r-+ T243 

WNRDRAM 
I I I U,---------

I I I I I 

RAS 

CAS 

4-122 

-----'------'I I II 
T245 -- L I ------oJ ~ T247 

I I I: 
T241--.J L--J LT242 

I 

FIGURE 11-21. 80386SX - NON-PAGE MODE 01, 0 WAIT STATE READ (PIPELINE) 
(4072H = 3560H) 
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AC OPERATING CHARACTERISTICS 

11.2 AT BUS TIMING 

The AT Bus timing is divided into six major 
categories: 

1. CPU initiated AT Bus cycles. 
2. Entering the AT Bus. 
3. Exiting the AT Bus. 
4. DMA cycles. 

11.2.1 CPU Initiated AT Bus Cycles 

SYMBOL CHARACTERISTIC MIN 

TOO SYSCLK Cycle Time 100 

T01 SYSCLK fall to BALE rise 

T02 SYSCLK rise to BALE fall 
--

T03 SYSCLK fall to MEMR fall 
--

T04 SYSCLK rise to MEMR rise 

T05 SYSCLK fall to lOR fall 
-

T06 SYSCLK rise to lOR rise 

T07 SYSCLK rise to DENO fall 
--

T08 SYSCLK rise to DENO rise 

T09 SYSCLK rise to DEN1 fall 
--

T10 SYSCLK rise to DEN1 rise 

T11 SYSCLK fall to DTR fall 

T12 SYSCLK rise to DTR rise 

--
T13 SYSCLK fall to SDEN fall 

--
T14 SYSCLK rise to SDEN rise 

T15 SYSCLK fall to SDTR rise 

T16 SYSCLK rise to SDTR fall 

T17 MEMCS16 setup time to 25 
SYSCLK rise 

T18 MEMCS16 hold time from 0 
SYSCLK rise 
--

T19 IOCS 16 setup time to 23 
SYSCLKfall 
--

T20 IOCS16 hold time from 0 
SYSCLKfall 

WD76C10AILPILV 

5. AT Bus Master cycles. 
6. AT Bus refresh cycle 

Some figures in this section are included only to 
show the sequence of the signals during certain 
operations. In these figures, no timing parameters 
are provided. 

MAX UNITS TEST 
CONDITIONS 

ns 

12 ns 

9 ns 

9 ns 8-bit cycle 

6 ns 

10 ns 

7 ns 

7 ns Read Cycle 

11 ns Read Cycle 

7 ns Read Cycle 

9 ns Read Cycle 

19 ns Delay is number given plus 
(TOO x 0.25) 

14 ns Delay is number given plus 
(TOO x 0.25) 

10 ns 

8 ns 

14 ns Delay is number given plus 
(TOO x 0.25) 

11 ns Delay is number given plus 
(TOO x 0.25) 

ns 

ns 

ns 

ns 8-bit cycle 

TABLE 11-8. CPU INITIATED AT BUS CYCLES 
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SYMBOL CHARACTERISTIC MIN MAX UNITS TEST 
CONDITIONS 

T21 IOCHRDY setup time to 22 ns 
SYSCLK rise 

T22 IOCHRDY hold time from 0 ns 
SYSCLK rise 

T23 ZEROWS setup time to 24 ns 
SYSCLKfail 

T24 ZEROWS hold time from 0 ns 
SYSCLKfail 

T25 AT Bus data setup time to 22 ns Total setup time is number given 
SYSCLK rise plus delay through AT Bus data 

buffers. 

T26 AT Bus data hold time from 0 ns 
SYSCLK rise 

--
T27 SYSCLK fall to MEMW fall 9 ns 

--
T28 SYSCLK rise to MEMW rise 5 ns 

T29 SYSCLK fall to lOW fall 10 ns 
-

T30 SYSCLK rise to lOW rise 8 ns 

T31 SYSCLK fall to DENO fall 10 ns Write cycle 
--

T32 SYSCLK fall to DENO rise 9 ns Write cycle 
--

T33 SYSCLK fall to DEN1 fall 10 ns Write cycle 
--

T34 SYSCLK fall to DEN1 rise 9 ns Write cycle 
--

T35 SYSCLK fall to SDEN rise 11 ns 

T36 SYSCLK fall to SAO rise 16 ns Word to byte conversion cycle 

T37 SYSCLK rise to MEMR fall 6 ns 16-bit cycle 
---

T38 IOCS16 hold time from 0 ns 16-bit cycle 
SYSCLK rise 

T39 SYSCLK high time -4 0 ns (TOO ... 2) plus number given 

TABLE 11-8. CPU INITIATED BUS CYCLES cont. 
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AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

BALE 

MEMR, 

DENO, 

DTR 

SDEN 
NOTE 1 

SDTR 

MEMCS16 
NOTE 2 

IOCS16 
NOTE 3 

IOCHRDY 

ZEROWS 

SDO - SD7 

Ts Tc Tw I Tw I Tw I Tw I Ti 

SD8 - SD15 -------1 ••••••• 
NOTE 4 

Ti 

LA17-LA23111 •••••• ~~~ ••••••• JI.IIIIII.1I1I1I 
NOTE 5 

NOTE 1: SDEN is asserted only when SAO is high. 

NOTE 2: MEMCS16 is sampled only during memory cycles. 

NOTE 3: IOCS16 is sampled only during 110 cycles. 

NOTE 4: SD8 - 15 are driven by the data swapper only when SAO is high (SDEN asserted). 

NOTE 5: Timing for LA 17 - 23 and SAO - 19 is dependent on register settings and may be 

asynchronous. Minimum valid windows are shown for reference. 

FIGURE 11-22. AT BUS I/O OR MEMORY READ: a-BIT, DEFAULT TIMING 
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AT BUS 

CLOCK 
INTERNAL 

SYSCLK 

BALE 

MEMR, lOR 

Ts Tc Tw Tw Ti Ti 

I I 
I I 

I I 11 __ --,---_--------;---------.---'� I 

OENO, OEN1 
I I' I • 

----~--~i ~I ~I----~-----+--~I I~. ----------

OTR 

SOEN 
NOTE 1 

SOTR 

MEMCS16 
NOTE 2 

IOCS16 
NOTE 3 

IOCHROY 
NOTE 6 

ZEROWS 

SOD - SO? 

SOB - S015 
NOTE 4 

LA1? - LA23 
NOTE 5 

SAO - SA19 
NOTE 5 

II I I 
----~--~I--~I: I'r' ----------

I I IL----I-__ +--~I I 

------lli~~·~ •••••••••••• ·•• ••••••••••••• • ••••••• ·.·1 

DATA FROM 
SWAPPER 

NOTE 1: SOEN is asserted only when SAO is high. 

NOTE 2: MEMCS16 is sampled only during memory cycles. 

NOTE 3: IOCS16 is sampled only during I/O cycles. 

NOTE 4: SOB - 15 are driven by the data swapper only when SAO is high (SDEN asserted). 

NOTE 5: Timing for LA1? - 23 and SAO - 19 is dependent on register settings and may be 
asynchronous. Minimum valid windows are shown for reference. 

NOTE 6: 10CHROY overrides ZEROWS only during the first cycle of a word to byte conversion. 

FIGURE 11-23. AT BUS 1/0 OR MEMORY READ: 8-BIT, ZEROWS ASSERTED 
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AT BUS ~ I ~ I ~ I ~ I ~ I ~ I ~ I n 
CLOCK 
INTERNAL 

SYSCLK 

BALE 

MEMR, lOR 

- -
OENO, OEN1 

OTR 

SO EN 
NOTE 1 

SOTR 

MEMCS16 
NOTE 2 

IOCS16 
NOTE 3 

10CHROY 

ZEROWS 

SOD - S07 

I I 
I I 
II I I I • I 
I • II 
I I I I I 
II I I 
I • I • L I . I 

:·::\::1 I : ••• ··.W···.·W)·I 

I I 
,:0 

S08-S015 ------------1111111111111111111111111~~~~~----
NOTE 4 

LA17 - LA231l VALID 1)< {itl 
N~E5 ==~------------------------------------~========= 

SAO - SA19 II VALID 1);1 
NOTE 5 ==~------------------------------------------~=== 

NOTE 1: S5EN is asserted only when SAO is high. 

NOTE 2: MEMCS16 is sampled only during memory cycles. 

NOTE 3: IOCS16 is sampled only during I/O cycles. 
NOTE 4: S08 - 15 are driven by data swapper only when SAO is high (SOEN asserted). 
NOTE 5: Timing for LA 17 - 23 and SAO - 19 is dependent on register settings and may be 

asynchronous. Minimum valid windows are shown for reference. 

FIGURE 11-24. AT BUS I/O OR MEMORY READ: 8-BIT, EXTRA WAIT STATE ADDED 
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AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

BALE 

Ts Te Tw I Tw I Tw I Tw I Ti Ti 

In 
----+�-' I j j4- T27. T29 I j j4- TJa. T30 

1 I II I I I I 
., j4- T~l. T33, '--_--,-, ______ ,----, __ ---...J ., j4- T32. T34 

DENO, DEN1---'-i1 I I I I 

MEMW, lOW 

DTR 
HI----~rl ~I----~I----------r-~------~-------

HI------~I ~I----~I----------~~------________ _ 
I I I 
I I I SDTR LO 

MEMCS16 
NOTE 1 
----
IOCS16 
NOTE 2 

IOCHRDY 

ZEROWS 

SDO - SD? 
NOTE 3 

----+""'I"'--I _____ ----,DA_T---,-A_F_RO_M_B_U_F_F_ER ____ ~----

SDB - SD15 --~=I~~il ___________ D_R_IV_E_N __ B_Y_B_U_F_F_E_R ________ ~--------

LA1?-LA2311[============~~~============~1I1I1I1I1I1I1I1I 
NOTE 4 

SAO -SA19 •• ========~~~======== •••• III NOTE 4 1.2 

NOTE 1: MEMCS16 is sampled only during memory cycles. 

NOTE 2: IOCS16 is sampled only during 1/0 cycles. 

NOTE 3: The small period of unknown data on SDO - 7 when DENO is asserted is dependent on register 
settings and may be asynchronous. Minimum valid time is shown for reference. 

NOTE 4: Timing for LA 17 - 23 and SAO - 19 is dependent on register settings and may be asynchronous. 
Minimum valid windows are shown for reference. 

FIGURE 11-25. AT BUS 1/0 OR MEMORY WRITE: 8-BIT, EVEN BYTE, DEFAULT TIMING 
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AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

BALE 

MEMW, lOW 

DEN1 

Ts Tc Tw I Tw I Tw I Tw I Ti Ti 

I 

~~I +-~---+--------r-+------r 
--- HI----~_,--,_-----r----------~--_r--------~I~·---------

DTR, DENO 1 r T35 

SDEN I 

SDTR 

MEMCS16 
NOTE 1 

IOCS16 
NOTE 2 

IOCHRDY 

ZEROWS 

SDO - SD7 DATA FROM SWAPPER 

~cPr~ ; SD15 ------I=I""-I _______ D_A_T_A_F_R_O_M_B_U_F_F_E_R ____ ~----

LA17-LA23111============~~~==============JlIIIIIIIIIIII==1I NOTE 4 

SAO-SA19 11Ir=================~~~==============1I1I1I1I1I1I NOTE 4 

NOTE 1: MEMCS16 is sampled only during memory cycles. 

NOTE 2: IOCS16 is sampled only during I/O cycles. 

NOTE 3: The small period of unknown data on SDB - 15 when DEN1 is asserted is dependent on register 
settings and may be asynchronous. Minimum valid time is shown for reference. 

NOTE 4: Timing for LA 17 - 23 and SAO - 19 is dependent on register settings and may be asynchronous. 
Minimum valid windows are shown for reference. 

FIGURE 11-26. AT BUS 1/0 OR MEMORY WRITE: B-BIT, ODD BYTE, DEFAULT TIMING 
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AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

I ril I I 

AC OPERATING CHARACTERISTICS 

I I I I 
--f 11~1--~----~+--+~~--~----+-r--r-

M EM R, IOR--'I---'-I--'--,1 1-1 ---l---_--l---'-----------l-I 

BALE 
I I I I I 

I II I II Ii 

: : ~I --;---r-t-----r-7-r-~_____r__T-------r. 
I I '--1--'-: --f----+-+------LJ 

DEN1 I I I: I I, Ii 

: : : I 
I I: 

DENO 
I I 

SDEN I II Ii 
I 

DTR 
NOTE 3 

SAO 
NOTE 4 

MEMCS16 
NOTE 1 

IOCS16 
NOTE 2 

IOCHRDY 

ZEROWS 

SDO - SD? 

I I I I 
I: 

I I 

SD8 - SD15 ------------------ll ••••• i', .. i ••• ·'·},\ ••• ',· ••• ' •••••• • ••• • •••• ' •••••••• • ••••• ' ••• :.1 ~~~~t:~M f-

~~~-~231~j!I'--___________ V_A_L_'D _________ -=1;0=:i,=);',=)i=U 

SA1 - SA19 II VALID ii 
NOOE4 =""="'~-----------------------= 

NOTE 1: MEMCS16 is sampled only during memory cycles. 

NOTE 2: IOCS16 is sampled only during I/O cycles. 

NOTE 3: SDTR is the inversion of DTR during CPU transfer cycles. 

NOTE 4: Timing for LA 17 - 23 and SAO - 19 is dependent on register settings and may be asynchronous. 
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Minimum valid windows are shown for reference. 

FIGURE 11-27. AT BUS I/O OR MEMORY READ: 8-BIT, WORD TO BYTE CONVERSION, 
DEFAULT TIMING 
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AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

BALE 

MEMW, 

DENO 

SDEN 
NOTE 5 

SAO 
NOTE 4 

MEMCS16 
NOTE 1 

IOCS16 
NOTE 2 

IOCHRDY 

ZEROWS 

~g~; SD7 --+1 DATA FROM BUFFER~ DATA FROM SWAPPER 

SD8-SD15~=il ________________ D_A_T_A_F_R_O_M_B_U_F_F_E_R ________ ~~ 

VALID LA 17 - LA2311 
NOTE 4 ~------------------------------------------------~~~ 

VALID SA1 - SA191I1 NOTE 4 Wll ____________________________________________________ ~ 

NOTE 1: MEMCS16 is sampled only during memory cycles. 

NOTE 2: IOCS16 is sampled only during I/O cycles. 

NOTE 3: The small period of unknown data on SOO - 7 when OENO is asserted is dependent on register 
settings and may be synchronous. Minimum valid time is shown for reference. 

NOTE 4: Timing for LA 17 - 23 and SAO - 19 is dependent on register settings and may be asynchronous. 
Minimum valid windows are shown for reference. 

NOTE 5: SOTR remains low and OTR remains high for this cycle. 

FIGURE 11-28. AT BUS 1/0 OR MEMORY WRITE: 8-BIT, WORD TO BYTE CONVERSION, 
DEFAULT TIMING 
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AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

BALE 

lOR 

MEMR 

r--- I/O READ CYCLE 

1 Ts 1 Tc 1 Ti 
r-- MEMORY READ CYCLE -1 
1 Ts 1 Tc 1 Tw 1 Ti 

--~:In~~--~--~I!h~: ~~ __ _ 
: i i J.1 

DENO, DEN1 

1 1 1 :~I ~:~--~I 
------t:----'--,I I 1 1 I 1 ,1'--------'--

DTR 

SDEN HI 

1 I i \I: 1 I: I 
1 . ,:, 1 : 

SDTR 

MEMCS16 

IOCS16 

IOCHRDY 

ZEROWS 

SDO - SD15 

LA17 -LA23IL==~~==II •• II[==~~~=JI.IIII" 
NOTE 1 

NOTE 1: Timing for LA 17 - 23 and SAO - 19 is dependent on register settings and may be asynchronous. 
Minimum valid windows are shown for reference. 

FIGURE 11-29. AT BUS I/O OR MEMORY READ: 16-BIT, DEFAULT TIMING 
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AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

BALE 

MEMR 
NOTE 1 

lOR 
NOTE 1 

DENO, 

DTR 

SDTR 

MEMCS16 
NOTE 2 

IOCS16 
NOTE 2 

IOCHRDY 

ZEROWS 

r-- MEMORY READ 1 
I Ts I Tc 

SDO - SD15 ------1 I.I 
=L-_-' 

Ti 
r- I/O OR MEMORY READ CYCLE 

I Ts I Tc I Tw I Ti 

~t,.~ ; SA19 = •••• = ••••• ••· •• = •••••••••• "--I ___ V_A_L_ID __ -=I""' ••.••• = •• ·••· •.• ··=i"'-II ______ V_A_L_ID ____ ---'I=//=·· == 

NOTE 1: MEMR and lOR will not be asserted simultaneously. The first cycle must be to memory, as zero 
wait state 1/0 cycles are not supported. 

NOTE 2: MEMCS16 is sampled only during memory cycles. IOCS16 is sampled only during 1/0 cycles. 

NOTE 3: Timing for LA 17 - 23 and SAO - 19 is dependent on register settings and may be asynchronous. 
Minimum valid windows are shown for reference. 

FIGURE 11-30. AT BUS I/O OR MEMORY READ: 16-BIT, OWS ASSERTED AND EXTRA 
WAIT STATE ADDED 
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AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

BALE 

lOW 

MEMW 

DEN1 
NOTE 1 

DENO 
NOTE 1 

r-- 110 WRITE CYCLE -----1 
I Ts I Tc I Tw I 

r--- MEMORY WRITE CYCLE ---r 
Ti I Ts I Tc I Tw I Ti I 

nJlSLSlJL 

__ ~IIn~1 ~ __ ~I~I __ ~ I 
I II ,---1_ ~---j-JI I I I 
I ~ I I I 
I I I I '-----'---1 -

II II II II II 
I '---, --+---'-----+--+--'1 • I ' 

------il I I I I '--1 -------;~--'-_t_-----'--ll I 
SOEN, OTR HI I I 

I I 
SOTR LO 

MEMCS16 

IOCS16 

IOCHROY 

ZEROWS 

SOB - S015 ~--L!aj __ V_A_Ll_D _FR_O_M_B_UF_F_ER_---'I----------1""I=I __ V_AL_'D_F_RO_M_BU_FF_E_R _--'~ 

~--~I""-I __ V_A_Ll_D _FR_O_M_B_UF_F_ER_------"I--------+=I=-I __ V_AL_'D_F_RO_M_BU_FF_E_R _----'~ 

NOTE 2 

SOO - SO? 
NOTE 2 

LA1?-LA23~c=====~~~==~====II==r=====~~~====1I1I1I1I1I1 NOTE 3 I.Q 

NOTE 1: DENO is asserted only in cycles where SAO is low. DEN1 is asserted only in cycles where SBHE is 
low. 

NOTE 2: SDB - SD15 are driven when DEN1 is low. SDO - SD7 are driven when DENO is low. The small 
period of unknown data is dependent on register settings and may be asynchronous. Minimum 
valid time is shown for reference. 

NOTE 3: Timing for LA 17 - 23 and SAO - 19 is dependent on register settings and may be asynchronous. 
Minimum valid windows are shown for reference. 

FIGURE 11-31. AT BUS I/O OR MEMORY WRITE: 16-BIT, DEFAULT TIMING 
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11.2.2 Entering The AT Bus 

The timing in this section is presented in the fol
lowing sequence: 

80286 CPU 

Asysnchronous CPUCLK to SYSCLK 
Synchronous CPUCLK to SYSCLK 

80386SX CPU 

Asysnchronous CPUCLK to SYSCLK 
Synchronous CPUCLK to SYSCLK 

SYMBOL CHARACTERISTIC 

T40 CPUCLK fall to SYSCLK fall 
80286 CPU mode. 
CPUCLK rise to SYSCLK fall 
80386SX CPU mode. 

T41 CPUCLK fall to SYSCLK fall 
80286 CPU mode. 
CPUCLK rise to SYSCLK fall 
80386SX CPU mode. 

T42 CPUCLK fall to SYSCLK fall 
80386SX CPU mode. 

T43 CPUCLK rise to SYSCLK fall 
80386SX CPU mode. 

T44 CPUCLK rise to SYSCLK fall 
80286 CPU mode. 

T45 CPUCLK fall to SYSCLK fall 
80286 CPU mode. 

T140 CPUCLK fall to ALE rise 
80286 CPU mode. 
CPUCLK rise to ALE rise 
80386SX CPU mode. 

T141 CPUCLK fall to ALE fall 
80286 CPU mode. 
CPUCLK rise to ALE fall 
80386SX CPU mode. 

T214 See TABLE 11-6 

T215 See TABLE 11-6 

T234 See TABLE 11-3 
T235 See TABLE 11-3 

MIN 

4 

9 

MAX UNITS 

ns 

ns 

29 ns 

35 ns 

29 ns 

36 ns 

20 ns 

20 ns 

TABLE 11-9. ENTERING THE AT BUS 

ADVANCED INFORMATION 11/25/91 

WD76C10AILPILV 

TEST 
CONDITIONS 

Register 1872H: BRa_DEL = 01 
BUS_MOD = OX 

Delay is number given 
plus (TOO x 0.25) 

Register 1872H: BRa_DEL = 00 
BUS_MOD = OX 

Delay is number given 
plus (TOO x 0.5) 

Register 1872H: BRa_DEL = 10 
BUS_MOD = 11 

Register 1872H: BRO_DEL = 10 
BUS_MOD = 10 

Register 1872H: BRO_DEL = 10 
BUS_MOD = 11 

Register 1872H: BRQDEL = 10 
BUS_MOD = 10 
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Tc 
CPUCLK 
AT BUS -1J CLOCK 
INTERNAL 

SYSCLK J 
: NOTE 1 

BALE 

ALE 
:J 1+ T235 

READY I 

Ts Tc Tw 

1[1 : [ 
U T40---->i 

~ 
: :: \ '-------t-----r--;----"----ll 

I I I [ 

T1401 f:+f T141 

j 1+ T234 

I I 

AC OPERATING CHARACTERISTICS 

Tw Tw 

L 
\'----_---'1 

NOTE 1: SYSCLK is asynchronous to CPUCLK. The minimum delay between CPUCLK and SYSCLK for an 
AT bus cycle to be started is shown here. Reducing the delay further would cause the AT cycle to 
start 1/2 SYSCLK period later. 

NOTE 2: Register 1872H: BRO_DEL = 01, BUS_MOD = 00 or 01. 

FIGURE 11·32. 80286 CPU· ASYNCHRONOUS CPUCLK TO SYSCLK, BREQ DELAY = 1/2 CLOCK 

Tc Ts Tc Tw Tw Tw 
CPUCLK 
AT BUS il : II I CLOCK 

I I INTERNAL • I T41~ 

SYSCLK ~ I~ I 1 1 \ NOTE 1 I I 
BALE 

T140J 1+1 J 1+ T141 

ALE Ir-I 
~ 1+ T235 ~ 1+ T234 

READY I [ 

NOTE 1: SYSCLK is asynchronous to CPUCLK. The minimum delay between CPUCLK and SYSCLK for an 
AT bus cycle to be started is shown here. Reducing the delay further would cause the AT cycle to 
start 1/2 SYSCLK period later. 

NOTE 2: Register 1872H: BRO_DEL = 00, BUS_MOD = 00 or 01. 

FIGURE 11·33. 80286 CPU· ASYNCHRONOUS CPUCLK TO SYSCLK, BREQ DELAY = 1 CLOCK 
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Tc Ts Tc Tw Tw 

CPUCLK 

ALE 
T140 ., n-tr T141 

-lT235 ., ~IT234 

READY III NOTE 1 

I I 
NOTE 2 I I AT BUS 

I CLOCK 
INTERNAL 

SYSCLK 

BALE n 
I 

NOTE 3 I 
AT BUS 
CLOCK 
INTERNAL r T45 
SYSCLK ~ ~ I \ NOTE 1 

BALE 

NOTE 1: READY timing is shown for when the previous cycle was not an AT bus cycle. 

NOTE 2: AT bus clock = CPUCLK + 1. Register 1872H: BRO_DEL = 10, BUS_MOD = 11. 

NOTE 3: AT bus clock = CPUCLK + 2. Register 1872H: BRO_DEL = 10, BUS_MOD = 10. 

I 

FIGURE 11-34. 80286 CPU - SYCNHRONOUS CPUCLK TO SYSCLK 
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Tw 

\ 
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CPUCLK 

AT BUS 
CLOCK 
INTERNAL 

SYSCLK 
NOTE 1 

BALE 

ALE 

T2P T1P T2P T2P 

l-J t------t-'I I L~ L T40 _I 

]-r---: ----;---'~'---t-: _--,,-1 _~J 

T2P T2P 

L 
\I..--_---JJ 

~----~--~I----~~I ------~ ______ ~ __ ~--_ 
Ti401 r--+fT141 

j i+ 1214 j i+ T215 '-----

I II 

NOTE 1: SYSCLK is asynchronous to CPUCLK. The minimum delay between CPUCLK and SYSCLK for an 
AT bus cycle to be started is shown here. Reducing the delay further would cause the AT cycle to 
start 1/2 SYSCLK period later. 

NOTE 2: Register 1872H: BRQ_DEL = 01, BUS_MOD = 00 or 01. 

CPUCLK 

AT BUS 
CLOCK 
INTERNAL 

SYSCLK 
NOTE 1 

BALE 

ALE 

--
READY 

FIGURE 11-35. 80386SX CPU - ASYNCHRONOUS CPUCLK TO SYSCLK, 
BREQ DELAY = 1/2 CLOCK 

T2P T1P T2P T2P T2P 

.tl I : I 
• T41 ===:"I . 

: 
X : : k 1 I 

I I 
T140"1 n 1141 . 

. I . . .. . ~ 

~T214 i i+ T215 

I 

T2P 

I 
\ 

NOTE 1: SYSCLK is asynchronous to CPUCLK. The minimum delay between CPUCLK and SYSCLK for an 
AT bus cycle to be started is shown here. Reducing the delay further would cause the AT cycle to 
start 1/2 SYSCLK period later. 

NOTE 2: Register 1872H: BRQ_DEL = 00, BUS_MOD = 00 or 01. 
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FIGURE 11-36. 80386SX CPU - ASYNCHRONOUS CPUCLK TO SYSCLK, 
BREQ DELAY = 1 CLOCK 
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T2P T1P T2P T2P T2P T2P 

CPUCLK 

ALE 
T140 i r-r:T14

: 

-+jT214 1 i+ T215 I I 
READY I I I NOTE 1 

I I 
NOTE 2 I I AT BUS 
CLOCK I I 
INTERNAL 

~ 
SYSCLK 

BALE n 
I 
I 

NOTE 3 

I AT BUS 
CLOCK I 
INTERNAL I 

-+ r T43 
SYSCLK ~ ~ I \ I \ NOTE 1 

BALE 

NOTE 1: If this AT bus cycle is immediatly preceded by another bus cycle and the BUS_MOD field in register 
1872 = 11, READY will fall 1 CPUCLK later than shown. 

NOTE 2: AT bus clock = CPUCLK + 1. Register 1872H: BRO_DEL = 10, BUS_MOD = 11. 

NOTE 3: AT bus clock = CPUCLK + 2. Register 1872H: BRO_DEL = 10, BUS_MOD = 10. 

FIGURE 11-37. 80386SX CPU - SYCNHRONOUS CPUCLK TO SYSCLK 
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11.2.3 Exiting The AT Bus 

Exiting a synchronous AT bus is covered first, fol
lowed by the asynchronous bus. 

SYMBOL CHARACTERISTIC MIN 

T46 SYSCLK fall to CPUCLK -5 

T47 SYSCLK fall to CPUCLK -15 

T48 SYSCLK rise to CPUCLK -10 

T49 SYSCLK rise to CPUCLK -15 

--
T144 CPUCLK fall to READY fall, 

80286 CPU mode. 
--

T145 CPUCLK fall to READY rise, 
80286 CPU mode. 

T214 See TABLE 11-6 

T215 See TABLE 11-6 

T234 See TABLE 11-3 

T235 See TABLE 11-3 

MAX UNITS 

ns 

ns 

ns 

ns 

24 ns 

26 ns 

TABLE 11·10. EXITING THE AT BUS 

4-140 ADVANCED INFORMATION 11125191 

TEST 
CONDITIONS 

Register 1872H: BAK_DEL = 10 
BUS_MOD=OX 

Register 1872H: BAK_DEL = 01 
BUS_MOD=OX 

Delay is number given 
plus (TOO x 0.25) 

Register 1872H: BAK_DEL = 00 
BUS_MOD=OX 

Register 1872H: BAK_DEL = 11 
BUS_MOD =OX 

Delay is number given 
plus (TOO x 0.25) 

Register 1872H: BUS_MOD = 11 
AT cycles only 

Register 1872H: BUS_MOD = 11 
AT cycles only 
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AT BUS END OF AT BUS CYCLE --1 
CLOCK 
INTERNAL 

SYSCLK ~ I : I : I : I 
AT STROBE : I NOTE 1 

80386SX MODE 

I T2 T2 T2 T2/TI T2/TI TI 

CPUCLK 
-+I 1+ T214 

t~" L~" 
READY I 
NOTE 2 

READY : I 
NOTE 3 

READY : I 
NOTE 4 

80286 MODE 
Tc Te Te TelTi TelTi Ti 

CPUCLK 
-+I 1+ T235 L, .. L-

READY I 
NOTE 2 

READY I 
NOTE 3 

. READY 
NOTE 4 

NOTE 1: AT STROBE is either MEMR, MEMW, lOR or lOW. 

NOTE 2: Register 1872H: BUS_MOD = 10, BAK_DEL = 10 (-1 AT bus clock). 

NOTE 3: Register 1872H: BUS_MOD = 10, BAK_DEL = 01 or 00 (-0.5 AT bus clock or no delay). 

NOTE 4: Register 1872H: BUS_MOD = 10, BAK_DEL = 11 (+0.5 AT bus clock). 

FIGURE 11-38. SYNCHRONOUS AT BUS CYCLE COMPLETION, 

AT BUS CLOCK = CPUCLK + 2 
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AT BUS 
END OF AT BUS CYCLE -I 

CLOCK 
INTERNAL 

SYSCLK 

AT STROBE 
NOTE 1 

BALE 
NOTE 2 

80386SX MODE 

I T2P T2P T1P 

CPUCLK 

~ ~~" ~ r~" ALE 

READY I 

80286 MODE. 

I Tc Tc T5 

CPUCLK 

~ '''~ ~ r"~ ALE 

READY I 

NOTE 1: AT STROBE is either MEMR, MEMW lOR or lOW. 

NOTE 2: Register 1872H: BRO_DEL = 10, BUS_MOD = 11, BAK_DEL = XX. 

FIGURE 11-39. SYNCHRONOUS AT BUS CYCLE COMPLETION, 
AT BUS CLOCK = CPUCLK + 1 
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AT BUS 
CLOCK 
INTERNAL 

END OF AT BUS CYCLE ----1 

SYSCLK '------'I 
AT STROBE 
NOTE 1 

BAK DEL = 10 (-1 AT BUS CLOCK) NOTE 2 

-.-~-.-.--.-.-~.-.--.-
80386SX MODEl T2 I IT2 I T2 TI T I TI TI 

CPUCLK 

READY 

80286 MODE Tc Tc Ti Ti Ti Ti 

CPUCLK 

READY 
T46 j i+ ..I i+ T235 

--------~--~LI __________________________ _ 
BAK DEL = 01 (-0.5 AT BUS CLOCK) 
--~------~---
80386SX MODE I T2 I T2 I 

CPUCLK 

READY. 

80286 MODE 

CPUCLK 
I+-- T47 -.j 

NOTE 2 

READY 
..I i+ T235 

----------------~~I ________________________ _ 

NOTE 1: AT STROBE is either MEMR, MEMW, lOR or lOW. 

NOTE 2: Register 1872H: BUS_MOD = 00 or 01 (asynchronous AT bus), BAK_DEL set as indicated. 

NOTE 3: SYSCLK is asynchronous to CPUCLK. The minimum delay between SYSCLK and CPUCLK for 
READY to be asserted is shown here. Reducing the delay further would cause READY to be 
asserted one CPU "T" state later. 

FIGURE 11-40. ASYNCHRONOUS AT BUS CYCLE COMPLETION, 
BAK_DEL = -1 OR -0.5 AT BUS CLOCKS 
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AT BUS 
CLOCK 
INTERNAL 

END OF AT BUS CYCLE --1 

SYSCLK ~_---,I 

AT STROBE 
NOTE 1 -------------l 

BAK DEL = 00 (0 AT BUS CLOCKS) I NOTE 2 

T2 TI TI TI 

READY 

80286 MODE Tc Tc Tc Ti Ti Ti 
CPUCLK 

T48 ~ I"- -.I 1+ T235 

------------~I----~I -------------------READY 

BAK DEL = 11 (+0.5 AT BUS CLOCK) NOTE 2 

-g038;SX MOOr -. - . T2 1-1- T2· 
CPUCLK 

READY 

80286 MODE Tc Tc Tc I I . Tc Tc Ti Ti Ti 
CPUCLK 

READY 

NOTE 1: AT STROBE is either MEMR, MEMW, lOR or lOW. 

NOTE 2: Register 1872H: BUS_MOD =' 00 or 01 (asynchronous AT bus), BAK_DEL set as indicated. 

NOTE 3: SYSCLK is asynchronous to CPUCLK. The minimum delay between SYSCLK and CPUCLK for 

4-144 

READY to be asserted is shown here. Reducing the delay further would cause READY to be 
asserted one CPU "T" state later. 

FIGURE 11-41. ASYNCHRONOUS AT BUS CYCLE COMPLETION, 
BAK_DEL = 0 OR +0.5 AT BUS CLOCKS 
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11.2.4 DMA Cycles 

Basic default timing is covered first, followed by 
8-bit I/O to onboard memory, then onboard 
memory to 8-bit I/O. 

SYMBOL CHARACTERISTIC MIN 

T50 SYSCLK rise to ALE valid high 

T51 SYSCLK rise to SALE valid 
high 

T52 SYSCLK rise to AEN valid high 

T53 SYSCLK rise to Address driven 0 

T54 SYSCLK rise to Address valid 

T55 Address hold from SYSCLK 0 
rise 

T56 SYSCLK rise to LA20 valid 

T57 LA20 hold from SYSCLK rise 0 

T58 SYSCLK rise to SAO valid 

T59 SAO hold from SYSCLK rise 0 
-

T60 SYSCLK rise to SHE driven 0 
-

T61 SYSCLK rise to SHE valid 
-

T62 SHE hold from SYSCLK rise 0 

T63 SYSCLK fall to MXCTL valid 

T64 SYSCLK rise to DACKEN rise 

T65 SYSCLK rise to DACKEN fall 
--

T66 SYSCLK rise to CSEN fall 
--

T67 SYSCLK rise to CSEN rise 

T68 10CHRDY setup to SYSCLK 12 
rise 

T69 10CHRDY hold from SYSCLK 0 
rise 

-
T70 SYSCLK rise to lOR fall 

-
T71 SYSCLK rise to lOR rise 

T72 SYSCLK rise to MEMW fall 
--

T73 SYSCLK rise to MEMW rise 

T74 SYSCLK rise to DEN1 fall 
--

T75 SYSCLK rise to DEN1 rise 

T76 SYSCLK rise to DENO fall 
--

T77 SYSCLK rise to DENO rise 

T78 SYSCLK rise to SDEN fall 
--

T79 SYSCLK rise to SDEN rise 

MAX UNITS 

15 ns 

15 ns 

15 ns 

ns 

60 ns 

ns 

49 ns 

ns 

40 ns 

ns 

ns 

36 ns 

ns 

2 ns 

28 ns 

31 ns 

32 ns 

33 ns 

ns 

ns 

28 ns 

35 ns 

47 ns 

35 ns 

32 ns 

42 ns 

32 ns 

42 ns 

21 ns 

37 ns 

TABLE 11-11. DMA CYCLES 

ADVANCED INFORMATION 11/25/91 

WD76C 1 OAILPIL V 

TEST 
CONDITIONS 

I/O to memory 

I/O to memory 

I/O to memory 

I/O to memory 

I/O to memory 
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SYMBOL 

T80 

T81 

T82 

T83 

T84 

T85 

T86 

T87 

T88 

T89 

T90 

T91 

T92 

T100 

T101 

T102 

T103 

T105 

T107 

T108 

T120 

T121 

T122 

T123 

T125 

T126 

T127 

T303 

T305 

T306 

4-146 

CHARACTERISTIC MIN MAX UNITS 

SYSCLK rise to SDTR rise 

SYSCLK rise to SDTR fall 

SYSCLK rise to lOW fall 

SYSCLK rise to lOW rise 

SYSCLK rise to MEMR fall 

SYSCLK rise to MEMR rise 

SYSCLK rise to DEN1 fall 

SYSCLK rise to DEN1 rise 

SYSCLK rise to DENO fall 

SYSCLK rise to DENO rise 

SYSCLK rise to SDEN rise 

SYSCLK rise to DTR rise 

SYSCLK rise to DTR fall 

MEMW fall to RASn fall 

MEMW rise to RASn rise 

MEMW fall to CASn fall 

MEMW rise to CASn rise 

MEMWfall to RA10 - RAO 
valid 

MEMW fall to WiR high 
MEMW rise to W/R low 10 

30 

20 

53 

37 

17 

38 

22 

116 

22 

116 

116 

31 

22 

27 

29 

108 

30 . 

100 

29 

MEMR fall to RASn fall 28 

MEMR rise to RAS rise 29 

MEMR fall to CASn fall 110 

MEMR rise to CAS rise 31 

MEMR fall to RA10 - RAO valid 100 

MEMR fall to DPH, DPL float 

MEMR rise to DPH, DPL 
driven 

015 - DO valid to DPH, DPL 
valid 

015 - DO setup to MEMR rise 

DPH, DPL setup to MEMR rise 

35 

18 

10 

25 

27 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

TABLE 11-11. DMA CYCLES cont. 
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TEST 
CONDITIONS 

Memory to I/O 

Memory to I/O 

Memory to I/O 

Memory to I/O 

Memory to I/O 
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SYSCLK 

DMACLK 
INTERNAL 

ALE 
NOTE 1 

BALE 
NOTE 1 

AEN 
NOTE 1 

A23 - A21, 
A19 - A1 

LA20 

SAO 

MXCTL 

DACKEN 

CSEN 
NOTE 2 

IOCHRDY 

lOR 

MEMW 

I TO I T1 T2 T3 T4 Tw T5 TO 

JUUl 
I I 

I I I 

I·.·.······················ .....• ) •••.•.• , 

I I I I 
I I I I 

, ........... ii?i .. )j..... ,'.,., .. ,., •.•. , •. ,., •. , •..... ,., .. ,., .. , •.•... ,.,., •. ' .. ,., •••.. ,.,.,.,' .•... ,., •.•. , •. '., .. ,', •... '., •. , •.•.•. , .•.•. , •. ' .... ,., •.• " •. , •.•. 1 I' I I I 0ii0fuij . . _ . I I I II 

__ T-----LJ~ ': ~~~~:: ; ;VAU;D ; ; ; ; E-

il T63 

JJ[[I]JJ[[IJJJ[~~~ __ ~~V_A~LI~D~~ __ ~~[[ 
1 ~ T64 

_____ ---11 I 

NOTE 1: ALE, BALE and AEN may be asynchronous. Minimum valid time is shown. DMA channels D, 1, 2, 
and 3 will have two additional SYSCLK periods of valid time as shown by the alternate shaded 
region. 

NOTE 2: CSEN is used to generate the terminal count signal and pulses low only during the last transfer in a 
block. 

FIGURE 11-42. BASIC DMA CYCLE, DEFAULT TIMING 
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T2 T3 T4 Tw T5 TO 

SYSCLK 

OMACLK 
INTERNAL 

OACKEN 

lOR 
I"_ T70 I"_ 171 

----------~I~'~~ __________ ~~I ~i-------
MEMW 

OEN1 

DENa 

SOEN 
NOTE 1 

OTR LO 

SOTR 

- ------+-'---+---+--11"- T72 ~ T73 

I I : ~ 
j I"_ T741 L---------t:J--'~,,' T75 

-----.-ill I Iii: I 
~ '-I";-, =T7--;61---+-------~.,--J1+7_T77 

----+-iii I ill: i 
+ 1"_T78 + ~T79 

------1-1 ---t-i! I ! II: I 
I '-------;----------' i: I 

I : I 
1 ~ T80 I: ->I I"_ T81 

_____ ---11: I: -1 1'---__ 

RASn 
---------;.----~'__il"- T100 ~: I"_ T101 

I ,--I _____ -'-'-'11 

CASn 
+1' ~ T102 ... : I"- T103 

--------+--il 1:1 

.J ~ T105 I 
RA10 - RAO ROW 

W/R II L-___ _ 

-+- j.- T107 + : ~ T108 

015 - DO -------------FI=I=[=I=}=I=·=I=j=l~i~I======V=A=L=I-O========r---------

OPH,DPL 

NOTE 1: SDEN is asserted only in cycles with an odd numbered address. 

FIGURE 11-43. DMA CYCLE, 8-BIT 1/0 TO ON-BOARD MEMORY 
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T2 T3 T4 Tw T5 TO 

SYSCLK 

DMACLK 
INTERNAL 

DACKEN 1 1 

lOW 

MEMR 

DEN1 

_ _____ ----l_----I-__ ..J--I-il+ T82 .J 1+ T83 I 1~-----1_111 1 i 
+1 1+ T84 +1 1+ T85 

----------~~--~ 1 ! 
-.J 1+ T86 ~ I 1+ T87 

--------~--~II 1 Irl ~I ------

DENO 
NOTE 2 

SDEN 
NOTE 1 

-------/---1+-;1+ T88 1 1+ T89 
I 1 rl r:-------
-.I 1+ T78 :J 1+ T90 

----------~_rill~ __ ~ __________ ~lr~1 ------
1 

SDTR LO 

DTR 
.J 1+ T91 .J 1+ T92 

I 1 I <-I ____ __ 

RASn 

CASn 

------------I1-i1+ T120 i 1+ T121 

i ,--I --=--------+-'1 
+. 1+ T122 J 1+ T123 

----------------~I~I I 1 

RA10 - RAO ROW ~ IIT125 
COLUMN ~ 11:1;;11 11!, .. !;;.;!!!!!1 

W/R LO __________ .-_~ _____ ~------
I-- T305 ::::::J 

D15 - DO 

DPH,DPL 

NOTE 1: SDEN is asserted only in cycles with an odd numbered address. 

NOTE 2: DENO is asserted only in cycles with an even numbered address. 

H't!!tli!!i:i!!!ltt!t:!tl 
1+ 

FIGURE 11·44. DMA CYCLE, ON·BOARD MEMORY TO 8-BIT I/O 
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11.2.5 AT Bus Master 

The AT bus master timing is covered in the follow
ing sequence: 

SYMBOL CHARACTERISTIC MIN 

T50 SYSCLK rise to ALE valid high 

T51 SYSCLK rise to BALE valid 
high 

T52 SYSCLK rise to AEN valid high 

T53 SYSCLK rise to Address driven 0 

T55 Address hold from SYSCLK 0 
rise 

-
T60 SYSCLK rise to BHE driven 0 

T61 SYSCLK rise to BHE valid 
-

T62 . BHE hold from SYSCLK rise 0 

T63 SYSCLK fall to MXCTL valid 

T64 SYSCLK rise to DACKEN rise 

T65 SYSCLK rise to DACKEN fall 

T150 MASTER fall to AEN fall 

T151 MASTER rise to AEN rise 

T152 MASTER fall to A23 - A21, 
A 19 - A 1 float 

T153 MASTER rise to A23 - A21, 15 
A 19 - A 1 driven 

T154 MASTER fall to LA20 float 

T155 MASTER rise to LA20 driven 10 

T156 MASTER fall to SAO float 

T157 MASTER rise to SAO driven 10 

T158 MASTER fall to BHE float 
-

T159 MASTER rise to BHE driven 10 

T160 MASTER fall to CSEN fall 
--

T161 MASTER rise to CSEN rise 

T162 MASTER fall to MEMR float 
--

T163 MASTER rise to MEMR driven 10 

T164 MASTER fall to MEMW, lOR, 
lOW, float 

---
T165 MASTER rise to MEMW, lOR, 10 

lOW driven 

AC OPERATING CHARACTERISTICS 

• Bus acquisition and release 
• Writing to the onboard memory 
• Reading from the onboard memory 

MAX UNITS 
TEST 

CONDITIONS 

15 ns 

15 ns 

15 ns 

ns 

ns 

ns 

36 ns 

ns 

2 ns 

28 ns 

31 ns 

30 ns 

30 ns 

30 ns 

ns 

23 ns 

ns 

24 ns 

ns 

30 ns 

ns 

32 ns 

35 ns 

24 ns 

ns 

23 ns 

ns 

TABLE 11-12. AT BUS MASTER CYCLE 
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SYMBOL 

T166 

T167 

T168 

T169 

T170 

T171 

T172 

T173 

T174 

T175 

T176 

T177 

T178 

T179 

T180 

T181 

T182 

T183 

T184 

T190 

T191 

T192 

T193 

T194 

T196 

T197 

CHARACTERISTIC 

A23 - A21, A19 - A1 setup 
to MEMR, MEMW 

MIN 

45 

LA20 setup to MEMR, MEMW 50 
-- ------
BHE setup to MEMR, MEMW 0 

----
SAO setup to MEMR, MEMW 0 

A23-A21,A19-A1 hold from 15 
MEMR, MEMW 

LA20 hold from MEMR, MEMW 15 

BHE hold from MEMR, MEMW 15 

SAO hold from MEMR, MEMW 

SAO in to AO out delay 

MEMW fall to DEN1 fall 

MEMW fall to DENO fall 

MEMW rise to DEN1 rise 
MEMW rise to DENO rise 
-- --
MEMR fall to DEN1 fall 

MEMR fall to DENO fall 

MEMR rise to DEN1 rise 

MEMR rise to DENO rise 

MEMR fall to DTR rise 

MEMR rise to DTR fall 

MEMR, MEMW fall to RASn 
fall 

MEMR, MEMW rise to RASn 
rise 

MEMR, MEMW fall to CASn 
fall 

MEMR, MEMW rise to CASn 
rise 

MEMR, MEMW fall to 
RA 10 - RAO column address 
valid 

MEMR, MEMW fall to 
RA 10 - RAO row address valid 

RA10 - RAO column address 
hold from MEMR, MEMW rise 

15 

5 

MAX 

45 

30 

30 

83 

83 

85 

85 

32 

32 

29 

82 

83 

33 

126 

33 

120 

42 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

TABLE 11-12. AT BUS MASTER CYCLE cont. 

ADVANCED INFORMATION 11125/91 
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TEST 
CONDITIONS 
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SYMBOL CHARACTERISTIC MIN MAX UNITS 
TEST 

CONDITIONS 
-- -

T300 MEMW fall to W/R rise 33 ns 
-- -

T301 MEMW rise to W/R fall 10 ns 

T302 MEMW fall to DPH, DPL valid 32 ns 

T303 D15 - DO valid to DPH, DPL 27 ns 
valid 

--
T304 DPH, DPL hold from MEMW 5 ns 

rise 
--

T305 D15 - DO setup to MEMR rise 18 ns 
--

T306 DPH, DPL setup to MEMR rise 10 ns 

T307 MEMR fall to DPH, DPL float 35 ns 
--

T308 MEMR rise to DPH, DPL driven 58 ns 

TABLE 11-12. AT BUS MASTER CYCLE cont. 
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SYSCLK 

DMACLK 
INTERNAL 

ALE 
NOTE 1 

BALE 
NOTE 1 

AEN 
NOTE 1 

A23 - A21, 
A19 - Ai 

LA20 

SAO 

BHE 

MXCTL 

DACKEN 

MASTER 

CSEN 

MEMR 

~rl 
'-__ -I~I 

. ---.!:ll'-~II-' J i T163 II-I ------

j 
MEMW I 

1+ T164 j 1 T165 II-I ------
L . ---.!:ll·-~II- . -t . 

d 
lOR I 

1+ T164 -.J 1 T165 II-I ------
L. ---.!:ll·-~II-· i' 

lOW 
-1 1+ T164 . _1 .1 T165 II-I ------

L.---.!:ll·-~II-

NOTE 1: The shaded regions of ALE, BALE and AEN show a possible asynchronous relarionship. Minimum 
valid time is shown. DMA channels 0, 1, 2 and 3 will have two additional SYSCLK periods of valid 
HI time as shown by the alternate shading. 

FIGURE 11-45. AT BUS MASTER, BUS ACQUISITION/RELEASE 
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A23 - A21, 
A19 - A1 

LA20 

SHE 

SAO 

AO 

MEMW 

DEN1 

DENO 

DTR 

RASn 

CASn 

RA10 - RAO 

W/R 

VALID 

VALID 

VALID 

VALID 

VALID 
~, T174 

________ ~Jrri~-T-17-5----------------------~ 
I I ~T1771 

..J ~T176 I 
-----'-il I t T1781 

I I 
w--------~~-------------------------4I---------

OJ i+T190 ..: ~T191 

I ~I ____________ ~II 
________ ----'k-'------'-'T1=92~-----.I---; ~ ~T193 

I 1 II 
I 

COLUMN 

,------____________________ ---+--,1 ~T301 

11'--_--
015 - DO 1= ••••••• · •••• =· ...... = ............ ·=· •• · •• • •••••• = •••••••••••• =I!------,--____ V_A_LlD _____ ---.-": 1= ••••••• = ••••••••••••• = •••••••••••• = ••••••••••••• = .•••••••••••• =1 
DPH, DPL VALID 

FIGURE 11·46. AT BUS MASTER, WRITE TO ON·BOARD MEMORY 
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A23 - A21, 
A19 - A1 

LA20 

SHE 

VALID 

li .. <~ T166 : VALID 

.' .... ~T167 -, 

VALID 

I+- T168 ::;j 

MEMR ~I __________________________ ~I 
j I+T181 

DEN1 ~T1791 1 I 

1 1 I+T182 
--------~r-T1-80~1 1 I DENO 

CASn 

1 1+1 T183 1 J 
__________ 1-'. i T184 l'-__ __ 

j 1+ T190 -'1 I+T191 

1 ~I ____________ ~I 
____ ------'L_T'-'-'19=-2 _---01~ -.J 1+ T193 

1 I 1 I 

DTR 

RASn 

I"- T194 1 1 

T196 -.; 1+ -.; ~1.:.: •• :.: •• ·:· •• : ...••••• :.T: ••.... : •.••.. : •. 1 •.•.•. : .....• 9 •.•.••...••. 7.: ....••••... : ...•.... :.: ..•... : •.... : ... : •.•..•.. : •.. : .. : •. : .. :: .. : .•......••.. : .. :.:.:: ........•...•.•..... : ....•..•... : .•.•.•. :.:: ....•.....•.. ::1 RA10 - RAO I ILl Rowll COLUMN . . . 

1 1 

W/R LO ________ ~I ____ ------' ____________________ ~I~ ____ ___ 

015 - DO 
1 I+-T305 ?n -----,------11» .. ··.·· •. ·.·.t)i)il VA~ 

"""It={"""i .. ~i:·.:= •.. ·.···:.= .• ·.:·.:.=>={>=0..".;1.l-r T_30_7 --l=I""")=i=>=)=.·.· ••••• =.· .. · .. ·."'""i= ••• · .•••• ·""")""' ••••••• :=I=.· •..•••• ·.=.: •••• ··=r_T_~_~L_ID_;..--'H)t ..................J 
:;j I+T308 

DPH, DPL 

FIGURE 11-47. AT BUS MASTER, READ FROM ON-BOARD MEMORY 
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11.2.6 AT Bus Refresh 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
TEST 

CONDITIONS 

T320 REFRESH low before SYSCLK 4 ns REFRESH setup is number 
rise given plus (TOO x 0.25) 

T321 SYSCLK fall to REFRESH rise 16 ns 

T325 SYSCLK rise to A23 - A21 , 35 ns 
A19 - A16 and A7 - A1 valid 

T326 SYSCLK fall to A23 - A21 , 2 ns 
A19-A16andA7-A1 invalid 

T327 SYSCLK rise to A20, A 15 - A8 45 ns 
valid 

T328 SYSCLK fall to A20, A 15 - A8 2 ns 
invalid 

T329 SYSCLK rise to LA20 valid 30 ns 

T330 SYSCLK fall to LA20 invalid 2 ns 

T331 SYSCLK rise to SAO valid 30 ns 

T332 SYSCLK fall to SAO invalid 2 ns 
--

T333 SYSCLK rise to MEMR low 8 ns 

T334 SYSCLK rise to MEMR high 7 ns 

T335 IOCHRDY setup to SYSCLK 23 ns 
rise 

T336 IOCHRDY hold time from 0 ns 
SYSCLK rise 

TABLE 11-13. AT BUS REFRESH CYCLE, DEFAULT TIMING 
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AT BUS CLOCK 
INTERNAL 

SYSCLK 

REFRESH 
NOTE 1 

A (FAST) 
NOTE 2 

A (SLOW) 
NOtE 3 

LA20 

SAO 

MEMR 

lOCH ROY 

WD76C10AILPILV 

NOTE 1: REFRESH rises 1/2 SYSCLK period later (dashed line) if there is a pending hold cycle (DMA, local 
access). 

NOTE 2: (FAST) is address lines A23 - A21, A 19 - A 16 and A7 - A 1. 

NOTE 3: (SLOW) is address lines A20, and A15 - A8 

FIGURE 11-48. AT BUS REFRESH CYCLE, DEFAULT TIMING 
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11.3 PROCESSOR TIMING 

This section covers the 80286 CPU timing, 
followed by the 80386SX. 

AC OPERATING CHARACTERISTICS 

SYMBOL CHARACTERISTIC MIN MAX UNITS TEST 
CONDITIONS 

T140 See Table 11-9 

T141 See Table 11-9 

T143 See Table 11-9 

T401 CPUCLK fall to CPURES rise 14 ns 
delay 

T402 CPUCLK fall to CPU RES fall 13 ns 
delay 

T403 CPUCLK fall to NPRST rise 14 ns 
delay 

T404 CPUCLK fall to NPRST fall 13 ns 
delay 

T405 CPUCLK fall to BUSYCPU fall 35 ns CD 
delay 

T406 NPBUSY rise to BUSYCPU 35 ns CD 
rise delay 

--
T408 SO, S1 setup time to CPUCLK 9 ns 

--
T409 SO, S1 hold time to CPUCLK 1 ns 

-
T410 MilO setup time to CPUCLK 26 ns 

T411 MilO hold time to CPUCLK 1 ns 

T412 Address setup time to CPUCLK 26 ns 

T413 Address hold time to CPUCLK 1 ns 

T414 PEACK setup time to CPUCLK 7 ns 
--

T415 PEACK hold time to CPUCLK 1 ns 

T416 DPH, DPL setup time to 5 ns 
CPUCLKfall 

T417 DPH, DPL hold time from 19 ns 
CPUCLKfall 

T418 015 - DO setup time to 5 ns 
CPUCLK fall 

T419 015 - DO hold time from 19 ns 
CPUCLKfall 

CD T405 and T406 are for reference only since BUSYCPU is an asynchronous signal to the 80286. These two 
parameters are guaranteed by design and will not be tested. 

TABLE 11-14. 80286 CPU TIMING 
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CPUCLK 

RSTIN 

CPU RES 

NPRST 

BUSYCPU 

W/R# [SI] 

« 
)} 

,- 80 CPUCLK (NOTE 1) ___ , 

(( -: ~_ T402 

.---+-----~})'r------------~~I-----------------
~ :- T404 L-__ ~ ____ ~(~( __ ~ __________ ~' 

" !I ~I ________________ __ 

32 CPUCLK ':_ 
(NOTE 2) 

% 

, NOTE 3 

NOTE 1: Minimum of 80 CPUCLKs are asserted before the removal of CPURES. 

NOTE 2: W/R# [S1] is sampled 32 CPUCLKs after RSTIN is de-asserted to determine the processor type. 

NOTE 3: If, by sampling W/R# [S1]. the processor type detected is an 80386SX, BUSYCPU is asserted 

CPUCLK 

for a minimum of 10 CPUCLKs before and after the trailing edge of CPURES to perform 

80386SX self test. 

FIGURE 11-49. 80286 - CPURES AND NPRST DURING POWER UP 

TS TC 
<1>2 I <1>1 <1>2 I <1>1 <1>2 <1>1 

so 
r---~----+-----~----~~.-~----------~%,------~------

'.....: 72 CPUCLK ~~ 128 CPUCLK 

r--'l~ : 
NPRST __ ~ ________________ T_40_3 _______ ~~I- ~~ ____ T_4_0_4 ____ ~!(~ ____ ~ ______ _ 

)) 

~r--------------------------~%.---------------~~.-----~ 
~---

READY 

NOTE 1: NPRST is asserted for 72 CPUCLKs to fulfill the requiremenls of the 80287 and 80387SX. 

NOTE 2: READY is de-asserted for an additional 128 CPUCLKs to prevent the coprocessor from 

being accessed before it is allowed. This covers up to 25 MHz 80286 working with 
12.5 MHz Intel's C287A. 

FIGURE 11-50. 80286 - COPROCESSOR RESET (NPRST) 
INITIATED BY lOW TO PORT F1 
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<1>2 

II 

KBD_RST -U<, : I 
:-< .. , ....... If------ 16 CPUCLK >0 i 

)} 

NOTE1: ,-----------1(1)----..;.-, 
CPURES T40\~_ --! ~ T402 

Hot-Reset by setting bit 0 of port 92 to 1 

CPUCLK'---Ih~~W--U-
IOW~ i : I 'i>!. %.. 

Y<""'J --+---' 
,..01: .. :_ 128 CPUCLK ---: ...... E----- 16 CPUCLK --~,..~: 
! NOTE 2 ' : r--------'---',(ls--+--, 

T401 --! ~ --i 1- T402 
----~1<rl--------4)~ . 

CPU RES 

Shut-down initiated Reset (M/IO=1, 81 =0, SO=O, A 1 =0) 

CPUCLK 

CPURES 

: ... 

T401 __ ' 1-
NOTE 3 

(( 

I) 

16 CPUCLK ----~,....:: 

NOTE 1: This time can be as long as 8 MXCTL clocks (-4 SYSCLK) plus 2 CPUCLKs for synchronization. 

NOTE 2: 1 SYSCLK, plus 2 CPUCLKs for synchronization. 

NOTE 3: CPU RES is asserted at the beginning of phase 1 to maintain the phase relationship with the 80286. 

FIGURE 11-51. 80286 - PROCESSOR RESET (CPURES) INITIATED BY SOURCES OTHER 
THAN POWER UP RESET 
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• <1>1 .<1>2 . 

CPUCLK 

~ ________ ~_+-~_=:j_~ ~~oo 
~.~------------ NOTE1----+--+--+---~~~ 

BUSYCPU -I l~iT405 i-----------

READY __ ... 1 ..... 1 

<D TO COPROCESSOR 

® FROM COPROCESSOR 

NOTE 1: During a write to the 80287, BUSYCPU is asserted at the middle of the first Tc and continues 
for one SYSCLK plus two CPUCLKs beyond the active edge of lOW, then follows the NPBUSY 
from the 80287. This early assertion of BUSYCPU is required to maintain compatibility with 
the 80287. 

FIGURE 11-52. 80286 - BUSYCPU ASSERTED DURING COPROCESSOR ACCESS 
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I TS I TC I 
: <1>1 : <1>2 : <1>1 : <1>2 

TS TC 
: <1>1 : <1>2 : <1>1 <1>2 

CPUCLK 

ALE ~~~------------~~~)--------~(~h--~~r-n-----------------
CD lOW 

® NPBUSY 

BUSYCPU 

NPERR 

READY 

CD TO COPROCESSOR 

® FROM COPROCESSOR 

( 
) 

) 

NOTE 1 

(( 
)) 

NOTE 1: BUSYCPU is latched by the leading edge of the NPERR signal from the coprocessor 
while NPBUSY from the coprocessor is still active. 

NOTE 2 

NOTE 2: BUSYCPU is de-asserted by the leading edge of lOW, delayed by a low half of SYSCLK, 

when any data is written to port FO. BUSYCPU can be an asynchronous signal to the 
processor and is shown for reference only. 
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FIGURE 11-53. 80286 - LATCHING BUSVCPU WHEN AN ERROR OCCURS 
AND CLEARING IT WITH A WRITE TO PORT FO 
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FIGURE 11-54. 80286 - MISCELLANEOUS TIMING 
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SYMBOL CHARACTERISTIC 20 MHz 25 MHz UNITS 
MIN MAX MIN MAX 

T140 See Table 11-9 

T141 See Table 11-9 

T204 See Table 11-6 

T214 See Table 11-6 

T215 See Table 11-6 

T451 CPUCLK rise to CPURES 14 10 ns 
rise delay 

T452 CPUCLK rise to CPURES 13 10 ns 
fall delay 

T453 CPUCLK rise to NPRST 14 10 ns 
rise delay 

T454 CPUCLK rise to NPRST 13 10 ns 
fall delay 

T455 CPUCLK rise to BUSYCPU 35 35 ns 
fall delay 

T456 CPUCLK rise to BUSYCPU 35 30 ns 
rise delay 

T457 NPBUSY fall to BUSYCPU 30 30 ns 
fall delay 

T458 NPBUSY rise to BUSYCPU 35 35 ns 
rise delay 

T460 NPERR fall to EPEREQ 30 30 ns 
rise delay 

T462 ADS# setup time to CPUCLK 14 10 ns 
rise • 

T463 ADS# hold time from 5 4 ns 
CPUCLK rise 

T464 W/R# setup time to CPUCLK 14 8 ns 
rise • 

T465 W/R# hold time from 5 4 ns 
CPUCLK rise 

T466 D/C# setup time to CPUCLK 14 6 ns 
rise • 

T467 D/C# hold time from 5 4 ns 
CPUCLK rise 

-
T468 MilO setup time to CPUCLK 17 15 ns 

rise • 
-

T469 MilO hold time from 5 4 ns 
CPUCLK rise 

T470 BHE setup time to CPUCLK 17 15 ns 
rise 
--

T471 BHE hold time from 3 4 ns 
CPUCLK rise 

TABLE 11-15. 80386SX CPU TIMING 
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SYMBOL CHARACTERISTIC 20 MHz 25 MHz UNITS 
MIN MAX MIN MAX 

T472 HLOA setup time to CPUCLK 10 6 ns 
rise * 

T473 HLOA hold time from 3 4 ns 
CPUCLK rise 

T474 HOLO valid delay from 26 20 ns 
CPUCLK rise * 

T475 OPH setup time to CPUCLK 5 5 ns 
rise 

T476 OPH hold time from 19 19 ns 
CPUCLK rise 

T477 015-00 setup time to 5 5 ns 
CPUCLK rise 

T478 015-00 hold time from 19 19 ns 
CPUCLK rise 

T479 A23-A 1, BLE# setup time to 40 38 ns 
CPUCLK rise * 

T480 A23-A 1, BLE# hold time from 3 4 ns 
CPUCLK rise 

TABLE 11-15. 80386SX CPU TIMING cont. 
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<1>1 <1>2. <1>1 <1>2 <1>2 <1>1 
OR ! OR 

CPUCLK 

RSTIN 

CPU RES 

NPRST 

BUSYCPU 

10 : 10 : 

W/R# (81) 
CPUCLK ! CPUCLK ! 

NOTE 1: Minimum of 80 CPUCLKs are asserted before the removal of CPURES. 
- --

NOTE 2: W/R# [S1) is sampled 32 CPUCLKs after RSTIN is de-asserted to determine the processor type. 

NOTE 3: If, by sampling W/R# [S1), the processor type detected is an 80386SX, BUSYCPU is asserted 
for a minimum of 10 CPUCLKs before and after the trailing edge of CPURES to perform 

80386SX self test. 

T1 

CPUCLK 

NPRST 

READY 

FIGURE 11-55. 80386SX - CPU RES AND NPRST DURING POWER UP 

T2 or T1P 
<1>1 <1>2 I 

Sf ) 
(( 

NOTE 1: The trailing edge of NPRST occurs during phase 2 to maintain the correct phase of 80387SX 
with the 80386SX. 

NOTE 2: NPRST is asserted for 72 CPUCLKs to fulfill the requirements of the 80287 and 80387SX. 

NOTE 3: READY is de-asserted for an additional 128 CPUCLKs to prevent the coprocessor from 
being accessed before it is allowed. This covers up to 25 MHz 80286 working with 
12.5 MHz Intel's 80C287A. 

NOTE 4: 25 MHz operation requires a minimum of 8 MHz for AT Bus Clock. 

FIGURE 11-56. 80386SX - COPROCESSOR RESET (NPRST) 
INITIATED BY lOW TO PORT F1 
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~: r------------~~~)--------~-----------------------
KBD_RST j ( I 

:) : 
;.c: ~, ....... (--------- 17 CPUCLK .: 

NOTE 1 ~ .---------))-----;., 
CPURES T45\~_ ---: b-= T452 

Hot·Reset by setting bit 0 of port 92 to 1 

CPUCLK SlY\IuLf1SLru--Lru---LrL 
IOW~' . I (iJ " S(j . 

Y(,· : 
:-c ~~_ 128 CPUCLK ----..i ... 17 CPUCLK • ' NOTE 3 

(~' j NOTE 2 ~ : '! . CPURES T451 ___ j I- ___ j _ T452 

% %-T 

Shut·down initiated Reset (W/R#=1, D/C#=O, M/IO=1, BHE=1, BLE#=O, A1=O) 

<1>1 <1>1 @ : <1>1 

CPUCLK 

(( 

W/R# -rlL-___ -Ij 1 
)) 

17 CPUCLK ------l;.,~ 

CPU RES 

,...-____________________ ~)~ NOTE 3 

T451 ---, 1- ---i 1- T452 

NOTE 1: This time can be as long as 8 MXCTL clocks (N4 SYSCLK) plus 2 CPUCLKs for synchronization. 

NOTE 2: 1 SYSCLK, plus 2 CPUCLKs for synchronization. 

NOTE 3: CPU RES is de-asserted at the beginning of phase 1 to maintain the phase relationship with the 80386SX. 

FIGURE 11-57. B03B6SX - PROCESSOR RESET (CPURES) INITIATED BY SOURCES OTHER 
THAN POWER UP RESET 
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T1 T2 T2P T1P T2P I T2P T2P I T2P I T2P I 
CPUCLK 

i I 
NOTE 1 

~: :_T458 

I: 
i 

CD FROM COPROCESSOR 

NOTE 1: BUSYCPU follows NPBUSY from the 80387SX. 

FIGURE 11-58. 80386SX - BUSVCPU ASSERTION DURING COPROCESSOR ACCESS 
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T 1 T2 T2P 

CPUCLK 

ALE in L.-+ ____ ~--------(~(--~------~(('r_------~r--ll-~-------------» ») 

CD lOW 

® NPBUSY 

BUSYCPU NOTE 2 

NPERR 

EPEREQ _____ ~----________________ ~~----~---~~~:~~T-46-0--------------~L.---------I NOTE 3 

% 
(( 
JJ 

READY :1 ~:.---) -
CD TO COPROCESSOR 

® FROM COPROCESSOR 

NOTE 1: BUSYCPU is latched by the leading edge of the NPERR signal from the coprocessor 
while NPBUSY from the coprocessor is active. 

NOTE 2: BUSYCPU is de-asserted by the leading edge of lOW delayed by a low half of SYSCLK 

when any data is written to port FOH. BUSYCPU can be an asynchronous signal to the 

processor and is shown for reference only. 

NOTE 3: EPEREQ is asserted if NPERR occurs while NPBUSY from the coprocessor is active. 

EPEREQ is de-asserted by the leading edge of lOW delayed by the low half of SYSCLK 
when any data is written to port FOH. EPEREQ can be asynchronous to the processor 

and is shown for reference only. 

FIGURE 11-59. 80386SX - LATCHING BUSYCPU WHEN AN ERROR OCCURS 
AND CLEARING IT WITH A WRITE TO PORT FO 
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T1P T2P T1P T2P T2P T1P 
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D/C# 

BHE 
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READY ~ \1-. -,---~I 

FIGURE 11-60. 80386SX - MISCELLANEOUS TIMING 

Tx Tx Tx 
cI>2 cI>1 <1>1 <1>2 

Tx 

: : : 
: . . 

CPUCLK J\JU'.' · · 
: ] ] CPUCLK 

T 472 -----... ...-

HLDA 

FIGURE 11-61. 80386SX -INPUT SETUP AND 
HOLD TIMING 

T474 ~ • .....-

HOLD ___ '---'x'--_ 
FIGURE 11-62. 80386SX - OUTPUT DELAY 

TIMING 
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12.0 PACKAGE DIMENSIONS 
Figure 12-1 Illustrates the 132-Pin PQFP package showing the dimensions in inches . 

1.100 :'" .003 ------~I 

.738 -----01 

,025 TYP 

co ,.., 
S S 

.olD :" ,002 § 
+, +, 
iil 5\ C> 

'" 

,950 :- .003 

1.080 -t ,005 ------1 

~.L
1,100 (REF) 

.004 A 

-~-~----rn, 

_.550_ 
,140 :'" ,005 

1 
.170 :'" ,005 

1 
1----- ,800 ----~ 

1------- 1.080 (REF) 

OPTION· A· 

FIGURE 12-1. 132-PIN PQFP PACKAGE 
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. 035 MIN. 

-r 
.035 MIN. 

Detail of the bumper with the 
lead already cut and formed . 

Lead configuration 
after cut & forming 

Qj£014 MAX 

,068 MIN 
J::::::! 

,025 Mlr;p--II 
....flo- .0081.010 

OPTION - C -

OPTION - B • 
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APPENDIX 

A.O DC ELECTRICAL SPECIFICATIONS 

DC ELECTRICAL SPECIFICATIONS 

This section provides the DC Operating Characteristics for the WD76C10ALV. The parameters that 
differ from the WD76C 1 OA/LP are marked with an * . 

A.1 MAXIMUM RATINGS 

Supply Voltage (Vee) with respect to Vss (ground) 

Voltage on any pin with respect to Vss (ground) 

Operating Temperature 

Storage Temperature 

Power Dissipation 

NOTE 

· Vcc - Vss :::; 7.0 Volts 

· Vss -0.3 Volts to Vdd +0.3 Volts 

· OOC (32°F) to 70°C (15SoF) 

· -40°C (-40°F) to 125°C (257°F) 

.300 mW* 

Maximum limits indicate where permanent device damage 
occurs. Continuous operation at these limits is not intended 
and should be limited to those conditions specified in the DC 
Operating Characteristics. 

A.2 DC OPERATING CHARACTERISTICS 

TA = OOC (32°F) to 70°C (15SoF) 
Vcc = +3.3V ±.0.3V for WD76C1 OALV * 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

ilL Input Leakage ±10 !!A Yin = .4 to Vee 

IOZ Tristate And Open Drain ±10 ~A Vout = .4 to Vee 
Output Leakage 

VIH Input High Voltage 2.0 V 

VIL Input Low Voltage .8 V 

VIHC CPUCLK Input High * VCC V 
-0.8 

VIL CPUCLK Input Low .6 V 

ICC Supply Current * 120 mA Inputs at 2.0V 
150 mA Inputs at 5.0V 

Outputs Open, 
CPUCLK = 32 MHz 

TABLE A-1. DC OPERATING CHARACTERISTICS 
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FOR PINS WITH INTERNAL PULLUPS: 
MASTER, lOCK, IOCS16, MEMCS16, =ZE=R'"""O""""W=S, IOCHROY, ROYIN, POREF 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

IlL Input Pullup Current • -27 -40 flA Not suspend and resume mode 

TABLE A-1. DC OPERATING CHARACTERISTICS cont. 

-----~~..,...., 

MilO, PEACK, NPERR, NPSUSY, SO, S1 , NPRST, CPU RES, OPH, OPL 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

IlL Input Pullup Current • -27 -90 flA Not processor down or 
suspend mode 

TABLE A-1. DC OPERATING CHARACTERISTICS cont. 

===:-0 - - - --
PMCIN, IOCHROY, ZEROWS, IOCS16, MEMCS16, MASTER, POREF, REFRESH, SHE, lOR, lOW, MEMR, 
MEMW 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

IlL Input Pullup Current • -27 -90 flA Not suspend mode 

TABLE A-1. DC OPERATING CHARACTERISTICS cont. 

CASL3, CASL2, CASH3, SOT/R 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

--
ilL Input Pullup Current • -27 -90 flA RESET IN = 0 

TABLE A-1. DC OPERATING CHARACTERISTICS cont. 

FOR PINS WITH INTERNAL PULLDOWNS: 
A23-AO, 015-00 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

IlL Input Pulldown Current • -27 -90 flA Processor power down or 
suspend mode 

TABLE A-1. DC OPERATING CHARACTERISTICS cont. 
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FOR OUTPUTS: 
DACK2-0, DACKEN~5-DO, READY, CPURES, HOLD, INTRQ, A23-AQ, NMIJ..DPH, DPL, RA10-RAJ!. 
RA7/ED7-RAO/EDO, BHE, RAS3-RASO, CASL3-CSLO, CASH3-CASHO, W/R, DT/R, DEN1, DENO, SDT/R, 
SDEN,CSEN,LOMEG 

SYMBOL CHARACTERISTIC MIN MAX UNIT COrlmmONS 

VOH Output High Voltage • Vee -0.2 V lOUT = -100)lA 

VOH Output High Voltage • 2.4 V lOUT = -1 rnA 

VOL Output Low Voltage • .4 V lOUT = 1.5 rnA 

TABLE A-l. DC OPERATING CHARACTERISTICS cont. 

FOR OUTPUTS: 
MXCTL2-0 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

VOH Output High Voltage Vee - .8 V lOUT = -200 ~A 

VOH Output High Voltage • 2.4 V lOUT = -3 rnA 

VOL Output Low Voltage • .4 V IOUT=3 rnA 

TABLE A-1. DC OPERATING CHARACTERISTICS cont. 

FOR OUTPUTS: 
lOR, lOW, MEMR, MEMW, AEN, SYSCLK, BALE, LA20, SAO 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

VOH Output High Voltage 2.4 V lOUT = -3 rnA 

VOL Output Low Voltage • .5 V lOUT = 12 rnA 

TABLE A-l. DC OPERATING CHARACTERISTICS cont. 

FOR OUTPUT: 
REFRESH 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

VOL Output Low Voltage • .4 V lOUT = 12 rnA 

TABLE A-l. DC OPERATING CHARACTERISTICS cont. 
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A.3 AC OPERATING CHARACTERISTICS 

This section provides the WD76C10ALV AC 
Operating Characteristics for the 80386SX Page 
Mode and 80386SX CPU Mode. The parameters 
that differ from the WD76C10AlLP are marked 
with an * . 

SIGNAL LOAD SIGNAL 

CPURES 50 pF NPRST 
WiA. 50 pF ALE 
SDEN 50 pF DTiA. 
MXCTL2 - 0 50 pF DACKEN 
LOMEG 50 pF SPKR 
HOLD 50 pF INTRQ 
BUSYCPU 50 pF EPEREQ 
CPUCLK 70 pF SYSCLK 
CASL3 - 0 75 pF D15 - DO 
DPL 100 pF RAS3 - RASO 
lOR 200 pF MEMW 
LA20 200 pF SAO 
BALE 200 pF REFRESH 

LOAD 

50 pF 
50pF 
50 pF 
50 pF 
50 pF 
50 pF 
50 pF 
75 pF 

100 pF 
150 pF 
200 pF 
200 pF 
200 pF 

TABLE A-2. SIGNAL LOADING 
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WD76C10AILPILV 

SIGNAL LOAD 

-
SHE 50 pF 
DEN1, DENO 50 pF 
SDTiA. 50 pF 
CSEN 50 pF 
READY 50 pF 
NMI 50 pF 
A23 - AO 60 pF 
CASH3-0* 50 pF 
DPH 100 pF 
lOW 200 pF 
MEMR 200 pF 
AEN 200 pF 
RA10 - RAO * 220 pF 
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A.4 80386SX PAGE MODE TIMING 

SYMBOL CHARACTERISTIC MAX MAX MAX 
12.5 MHz 20 MHz 25 MHz 

T200 Processor ADDRESS to RAM address valid, Page Hit 34 27 
T201 CPUCLK rise to CAS fall, 2.5 CLK CAS 31 25 
T202 CPUCLK fall to CAS rise 24 21 -
T203 CPUCLK fall to CAS fall, 2.0 CLK CAS 27 22 
T204 Processor data to parity valid 25 20 
T205 CPUCLK rise to RAM address valid, Page Miss 48 43 
T206 CPUCLK rise to WNRDRAM rise 31 28 
T207 CPUCLK fall to RAS fall, first access 27 21 
T208 CPUCLK rise to COLUMN address valid 49 33 
T209 CPUCLK rise to WNRDRAM fall 31 28 

-
T212 CPUCLK rise to RAS rise, Page Miss 27 24 
T213 CPUCLK fall to RAS fall, Page Miss 27 24 
T214 CPUCLK rise to READY fall • 25 25 
T215 CPUCLK rise to READY rise • 25 25 

TABLE A-3. 80386SX - PAGE MODE MEMORY TIMING 
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SYMBOL CHARACTERISTIC 20 MHz 25 MHz UNITS 
MIN MAX MIN MAX 

T140 See Table 11-9 

T141 See Table 11-9 

T204 See Table 11-6 

T214 See Table 11-6 

T215 See Table 11-6 

T451 CPUCLK rise to CPU RES 14 12 ns 
rise delay 

T452 CPUCLK rise to CPU RES 13 12 ns 
fall delay 

T453 CPUCLK rise to NPRST 14 10 ns 
rise delay 

T454 CPUCLK rise to NPRST 13 10 ns 
fall delay 

T455 CPUCLK rise to BUSYCPU 35 35 ns 
fall delay 

T456 CPUCLK rise to BUSYCPU 35 30 ns 
rise delay 

T457 NPBUSY fall to BUSYCPU 30 30 ns 
fall delay 

T458 NPBUSY rise to BUSYCPU 35 35 ns 
rise delay 

T460 NPERR fall to EPEREQ 30 30 ns 
rise delay 

T462 ADS# setup time to CPUCLK 14 14 ns 
rise· 

T463 ADS# hold time from 5 4 ns 
CPUCLK rise 

T464 W/R# setup time to CPUCLK 14 12 ns 
rise • 

T465 W/R# hold time from 5 4 ns 
CPUCLK rise 

T466 D/C# setup time to CPUCLK 14 10 ns 
rise • 

T467 D/C# hold time from 5 4 ns 
CPUCLK rise 

-
T468 MIlO setup time to CPUCLK 17 19 ns 

rise • 
T469 MIlO hold time from 5 4 ns 

CPUCLK rise 

T470 BHE setup time to CPUCLK 17 15 ns 
rise 

T471 BHE hold time from 3 4 ns 
CPUCLK rise 

TABLE A-4. 80386SX CPU TIMING 
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SYMBOL CHARACTERISTIC 20 MHz 25 MHz UNITS 
MIN MAX MIN MAX 

T472 HLDA setup time to CPUCLK 10 10 ns 
rise * 

T473 HLOA hold time from 3 4 ns 
CPUCLK rise 

T474 HOLO valid delay from 26 26 ns 
CPUCLK rise * 

T475 OPH setup time to CPUCLK 5 5 ns 
rise 

T476 OPH hold time from 19 19 ns 
CPUCLK rise 

T477 015-00 setup time to 5 5 ns 
CPUCLK rise 

T478 -015-00 hold time from 19 19 ns 
CPUCLK rise 

T479 A23-A1, BLE# setup time to 42 42 ns 
CPUCLK rise * 

T480 A23-A 1 , BLE# hold time from 3 4 ns 
CPUCLK rise 

TABLE A-4. 80386SX CPU TIMING cont. 
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INTRODUCTION 

1.0 INTRODUCTION 
1.1 DOCUMENT SCOPE 

This data sheet applies to both the WD76C20, and 
WD76C20LV. The WD90C20LV is a low voltage 
version of the W076C20 chip. For convenience all 
references to these two devices will be referred to 
as the WD76C20. 

See Appendix A for the specification differences of 
the WD76C20LV. 

1.2 FEATURES 

The WD76C20 includes these features: 

• 84-pin PLCC and PQFP packages 

• 5V supply requirement (WD76C20) 
3.3V supply requirement (WD76C20LV) 

• 3.0V battery backup supply for the RTC and 
114 byte SRAM (WD76C20) 
2.4V battery backup supply for the RTC and 
114 byte SRAM (WD76C20LV) 

• Implemented in a low-power, high-perfor
mance, 1.25 micron CMOS technology 
process 

• Floppy Disk Controller (FDC) software 
transparent power-down mode with low 
standby ICC current. FOC features: 

256 tracks support 

100% software compatible with NEC 765A 

Integrated high-performance DPLL data 
separator: 

125, 250, 300, 500 Kb/sec and 1 
Mb/sec data rates 

Option to select 150 Kb/sec FM and 
300 Kb/sec MFM data rates only 

Automatic Write Precompensation: 

Defeat option 

Inner track value of 125 or 187 ns pin 
selectable 

On chip clock generation: 

2 TTL clock inputs, or 

WD76C20lLV 

Single 16 or 32 MHz crystal circuit 
and one TTL clock input 

Power Qualified Reset 

Enable PQR in W076C20 

Disable PQR in W076C20LV 

Host interface read/write accesses com
patible with 80286 microprocessors at 
speeds up to 12 MHz with 0 wait states 

Direct floppy disk drive interface - no buf
fers needed 

48 mA sink output drivers 

Schmitt Trigger input line receivers 

FDC direct PC XT/AT interface com
patibility 

Floppy Control and Operations 
Registers on chip 

In PC/AT mode, provides required 
signal qualification to DMA channel 

IBM BIOS compatible 

Dual-speed spindle drive support 

PS/2 type drive support 

• Real Time Clock (RTC) features: 

Software compatible with Motorola 
MC146818A. 

Internal time base and oscillator circuitry 

Counts seconds, minutes, and hours 

Counts days of the week, date, month, and 
year 

Time base input for 32.768 KHz square 
wave 

Time base oscillator for parallel resonant 
crystals 

Binary or BCD representation of time, 
calendar, and alarm 
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12- or 24-hour clock with AM and PM in 
12-hour mode 

Daylight savings time option 

Automatic leap year compensation 

Interfaced with software as 128 RAM loca
tions 

114 bytes at general purpose RAM 

Status bit indicates data integrity 

INTRODUCTION 

Bus compatible interrupt signals (IRQ) 

Three interrupts are separately software 
maskable and testable: 

Time-at-day alarm - once-per-second 
to once-per-day 

Periodic interrupt rates tram 122 us to 
500 ms 

End-at-clock update cycle 
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[l:~~~~~::~) I 
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FIGURE 1-1. SYSTEM LEVEL FUNCTIONAL BLOCK DIAGRAM 
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INTRODUCTION 

1.3 GENERAL DESCRIPTION 

The WD76C20 is a member of the WD7600 chip 
set which provides a cost-effective, power-efficient 
solution to PC systems design, especially those 
relating to "lap-top" devices. The set includes the 
WD76C10, the WD76C20, and the WD76C30 as 
shown in Figure 1-1. Together these chips provide 
all necessary logic to build a fully integrated system 
board for several varieties of IBM PC/AT com
patibles including systems using 80286, 80386SX, 
and 80C286 processors. 

As part of this chip set, the WD76C20 provides 
these integral functions: 

• Bus Interface Logic 

• IDE Interface 

• Chip Select Logic 

• Floppy Disk Controller 

• Real Time Clock 

• Suspend/Resume Logic 
The Floppy Disk Controller (FDC) component 
provides necessary timing and signalling between 
the host processor peripheral bus and a floppy disk 
drive through a cable connector. 

The Real Time Clock component provides calendar 
and clock information for the system. 

The I DE Interface controls buffering between the 
system's AT Bus and PC/AT compatible IDE drive 
interface. 

The Bus Interface Logic controls buffering of data 
between the system's AT Bus and the WD76C20. 

The Chip Select Logic section provides decoding 
for selected chip functions both within the 
WD76C20 and on the PC/AT motherboard. 

Suspend/Resume Logic provides support for chip 
set power-down and resume sequences. 

WD76C20lLV 

The remainder of this manual contains the following 
information: 

Section 2 discusses the basic system architecture. 

Section 3 provides signal descriptions. 

Section 4 discusses the Chip Select Logic in more 
detail. 

Section 5 discusses the Floppy Disk Controller in 
more detail. 

Section 6 provides additional information on the 
IDE Interface. 

Section 7 provides information on the Real Time 
Clock and SRAM. 

Section 8 gives more information on the 
Suspend/Resume Logic. 

Section 9 provides DC Operating Characteristics. 

Section 10 provides AC Interface Timing. 

Section 11 shows two package diagrams. 

Appendix A lists the specifications for the 
WD76C20LV device. 
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2.0 ARCHITECTURE 
The WD76C20 has three principal functions as 
illustrated in Figure 2-1. First, it exchanges control 
signals with the WD76C10 System Controller. 
Second, under control of the WD76C1 0, it exchan
ges data and qualified operation/status information 
with the Host via the system's AT Bus. Third, it 
provides complete control and data read/write ser
vices for one to four floppy disk units. 
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ARCHITECTURE 

Internally, the WD76C20 has the following function
al components: 

• Bus Interface Logic 

• Chip Select Logic 

• IDE Drive Interface 

• Floppy Disk Controller 

• Real Time Clock and associated SRAM 

• Suspend/Resume Logic 
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FIGURE 2-1. WD76C20 FUNCTIONAL BLOCK DIAGRAM 
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ARCHITECTURE 

These functional components are described briefly 
in the following sections. 

For a more detailed description of Chip Select 
Logic, IDE Interface Support, Floppy Disk Control
ler, Real Time Clock, and the Suspend/Resume 
Logic, refer to Sections 4 through 9. Signals men
tioned in the following discussion are listed and 
described in Section 3. 

2.1 BUS INTERFACE LOGIC 

The chip's Bus Interface controls the buffering of 
bits DO-D7 passing between the system's AT Bus 
and any WD76C20 internal source/destination 8-bit 
storage cell via the internal bus. The Bus Interface 
receives the lOR and lOW signals from the 
WD76C10, and with the appropriate chip selects 
from the Chip Select Logic (CSL), it parallel-passes 
DO-D7 from the AT Bus to an internal WD76C20 
cell or vice versa. The internal cells which the Bus 
Int~rface Logic reads/writes to are: 

• The Control, Master Status, Status, Data, or 
Operation Registers in the Floppy Disk 
Controller 

• The 128 registers in the SRAM affiliated with 
the Real Time Clock. 

The Bus Interface Logic also provides a controlled 
bidirectional path for bit D7 between the AT Bus and 
the IDE Drive Port. 

2.2 CHIP SELECT LOGIC 

The Chip Select Logic (CSL) component of the 
WD76C20 provides the decoding needed both for 
selecting chip functions within the WD76C20 and 
on the PC/AT motherboard. It receives the DPL, 
DPH, and RAB-RA1O signals from the WD76C10 
Systems Controller and outputs appropriately 
decoded chip select signals (detailed in Section 3). 
Overall control of the decoding processes is ac
complished using the CSEN and DACKEN signals 
from the WD76C10. CSEN enables the decoded 
output, while DACKEN causes the CSL to ignore 
the inputs from the WD76C10. 

WD76C20lLV 

2.3 FLOPPY DISK CONTROLLER 

The Floppy Disk Controller (FDC) portion of the 
WD76C20 is a VLSI Super Cell that provides all 
functions required between the host processor 
peripheral bus and the cable connector to the floppy 
disk drive. This provides a comprehensive solution 
to floppy subsystem control. Among its many fea
tures, the FDC possesses a software-transparent 
power-down mode which facilitates the c~ip's use 
in lap-top and portable systems. For more informa
tion on this component, refer to Section 5. 

2.4 REAL TIME CLOCK AND SRAM 

The Real Time Clock (RTC) component of the 
76C20, in conjunction with the 128-byte register file, 
provides both calendar (day-of-week, day-of
month, month, and year) and clock (hours, minutes, 
and seconds) information, along with clocked 
alarms and a periodic interrupt. This interface gets 
signals from the 76C20 Bus Interface and Chip 
Select Logic functions and appropriately buffers 
bits DO-D7 between the 76C20 internal bus and the 
RTC internal bus accessing the SRAM. 

2.5 SUSPEND/RESUME LOGIC 

This functional block is used in conjunction with the 
RTC time base to provide a 14.318 MHz clock 
output to the WD76C10. This can switch to a 
32.768 KHz clock during the low-power Suspend 
mode. This logic supports the WD7600 power
down and resume sequencing required to run the 
Floppy Disk Controller and other components 
during low power. 
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3.0 SIGNAL DESCRIPTION 
Figure 3-1 illustrates the signal names and pin 
locations on the 84-pin PLCC/PQFP WD76C20 
package. Table 3-1 lists the signal names by pin 

number and Table 3-2 lists the signal names al
phabetically. Table 3-3 lists the signal names and 
descriptions grouped by function. 
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FIGURE 3-1. WD76C20 PIN DIAGRAM 
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SIGNAL DESCRIPTION WD76C20lLV 

NAME PIN NAME PIN NAME PIN NAME PIN 

AO 45 DS1 20 M02 26 ROMOE 78 - --
BALE 59 DS2 21 M03 27 RPM/RWC 29 -CSEN 50 DS3 22 MX14 63 RTCIRQ 69 -- -- --CSIDEO 83 EMS 72 MX14 64 RTCX 60 -- --CSIDE1 82 FIRQ 9 NPCS 76 RTCX 61 
CSPARO 79 FCLK1/FX1 4 OSC 68 RWC/RPM 29 
CSSERB 80 FCLK2 6 PCUW1 74 STEP 18 

-
CSSERA 81 FX1 3 PCUWO 75 TC 70 -- -CS8042 77 FX1/FCLK1 4 PCVAL 11 TROO 32 -- -
DACK 47 HDL 28 PDREF 66 VBAT 62 
DACKEN 51 HS 13 PRDY 71 VDD 5,44,67 
DBO-DB7 35-42 IDEDENH 1 PROGCS 73 VSS 2,16,25,34,46,65 

-
DCHG 10 IDEDENL 84 PWRDN 30 WD 15 --
DIRC 17 IDED7 43 RA8 56 WE 14 - -
DMA 8 lOX 33 RA9 55 WP 31 
DPH 52 lOR 48 RA10 54 

- --
DPL 53 lOW 49 RCLR 58 - --
DRV/PS2 12 MOO 23 ROD 7 --DSO 19 M01 24 RESET 57 

TABLE 3-1. PIN ASSIGNMENTS (ALPHABETICAL ORDER) 

PIN NAME PIN NAME PIN NAME PIN NAME 

1 IDEDENH 22 DS3 43 IDED7 64 MX14 -2 VSS 23 MOO 44 VDD 65 VSS 
-

3 FX1 24 M01 45 AO 66 PDREF 
4 FX1 25 VSS 46 VSS 67 VDD 

- --
5 VDD 26 M02 47 DACK 68 OSC 
6 FCLK2 27 M03 48 lOR 69 RTCIRQ 

- - -
7 ROD 28 HDL 49 lOW 70 TC 

--
8 DMA 29 RWC 50 CSEN 71 PRDY 

-
9 FIRQ 30 PWRDN 51 DACKEN 72 EMS 

-10 DCHG 31 WP 52 DPH 73 PROGCS --11 PCVAL 32 TROO 53 DPL 74 PCUW1 
12 DRV/PS2 33 lOX 54 RA10 75 PCUWO 
13 HS 34 VSS 55 RA9 76 NPCS - --14 WE 35 DBO 56 RA8 77 CS8042 --
15 WD 36 DB1 57 RESET 78 ROMOE 
16 VSS 37 DB2 58 RCLR 79 CSPARO --17 DIRC 38 DB3 59 BALE 80 CSSEPB 

--
18 STEP 39 DB4 60 RTCX 81 CSSEPA 

- --
19 DSO 40 DB5 61 RTCX 82 CSIDE1 

- --20 DS1 41 DB6 62 V BAT 83 CSIDEO -21 DS2 42 DB7 63 MX14 84 IDEDENL 

TABLE 3-2. PIN ASSIGNMENTS (NUMERICAL ORDER) 
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PIN MNEMONIC SIGNAL NAME I/O DESCRIPTION 

INTEGRATED DRIVE ELECTRONICS (IDE) 

1 IDEDENH IDE High Byte Drive 0 CMOS level output goes active low to enable the IDE 
Enable Drive Interface Bus transceivers for the high byte of 

of the 16-bit interface. The signal is used with the 
CSIDEO card select output signal to the IDE drive 
only during 16-bit IDE data transfers. 

43 IDED7 IDE Data Bit 7 1/0 TTL level 1/0 providing a data path for bit 7 between 
the Host and the IDE drive interface. IDED7 is an 
output, passing data to the IDE drive from DB7 of the 
Host data bus whenever an lOW to the IDE drive 
interface is detected. IDED7 is an input, passing data 
from the IDE drive to DB7 of the Host data bus when-
ever an lOR of the IDE drive interface is detected, 
except when reading from address 3F7H. During an 
lOR of 3F7H, the floppy DCHG status is output on the 
Host data bus pin DB7. 

82 CSIDE1 IDE Card Selected 0 CMOS level output is used by the Host to address 
Aux. Registers and communicate with the IDE drive auxiliary regis-

ters. Host activates the signal through a decode in 
the CSL logic block, while at the same time asserting 
IDEDENL. 

83 CSIDEO IDE Card Selected 0 CMOS level output is used by the Host to address 
Registers 0-7 and communicate with the IDE drive on the 1/0 chan-

nel. The Host activates the signal through a decode 
in the CSL logic block, while at the same time asser-
ting IDEDENL or both IDEDENL and IDEDENH. 

84 IDEDENL IDE Low Byte Drive 0 CMOS level output goes active low to enable the IDE 
Enable drive interface bus transceivers for the low byte of 

the 16-bit Interface. The signal is used with the 
CSIDEO card select output signal to the IDE drive 
only during 16-bit IDE data transfers. 

HOST INTERFACE 

8 DMA FDC DMA Request 0 DMA request for byte transfers of data. In PC/AT 
mode, this pin is tri-stated, enabled by DMAEN signal 
from the Operations Register. 

45 AO BIL Address Line I Address line selecting data (= 1) or status (= 0) infor-
mation for the FDC. AO = 0 during lOW is illegal 
except when putting the FDC into sleep mode. 

--
47 DACK FDC DMA I Used by DMA controller to transfer data from FDC 

Acknowledge onto the bus. Logical equivalent to FDCS and AO=1. 
In PCAT mode, this signal is qualified by DMAEN 
from the Operations Register. 

TABLE 3-3. SIGNAL DESCRIPTIONS 

5-8 ADVANCED INFORMATION 11/21/91 



SIGNAL DESCRIPTION WD76C20lLV 

PIN MNEMONIC SIGNAL NAME I/O DESCRIPTION 

HOST INTERFACE (cont.) 

48 lOR BIL Input/Output I Read enable allowing data or status information to be 
Read transferred onto data bus by the W076C20. 

--
49 lOW BIL Input/Output I Write enable latching data from the bus into sub-

Write system buffer registers. 

---
57 RESET Chip Reset I TTL input resets the WD76C20 with the exception of 

the normal timekeeping operations which will remain 
uninterrupted. Resets all device outputs. Resets 
FOC controller, placing microsequencer in idle PC/AT 
mode. 

FLOPPY DISK CONTROL 

3 FX1 FOC XTAL 0 This pin is an oscillator drive output for a 16 MHz 
Output #1 resonant crystal. FX1 should be left floating if a TTL 

level clock is used at pin FX1. 

4 FX1 FOC XTAL I XTAL oscillator input requiring a 16 MHz resonant 
Input #1 crystal. This oscillator is used for all standard data 

FCLK1 FOC CLK I rates, and may be driven with a 16 MHz TTL level 
Input #1 signal instead of using the 16 MHz crystal. 

6 FCLK2 FOC CLK I TTL level input used for non-standard data rates; can 
Input #2 be driven with a 9.6 MHz clock for 300 Kb/s MFM data 

rate and only be selected from the control register. 

--
7 ROO FOC Read Oisk I This is the raw serial bit stream from the disk drive. 

Each falling edge of the pulses represents a flux 
transition of the encoded data. 

9 FIRQ FOC Interrupt 0 Interrupt request indicating completion of command 
Request execution or data transfer requests (non-OMA mode). 

In PCAT mode, this pin is tri-stated, enabled by 
OMAEN signal from the Operations Register. 

--
10 OCHG FOC Oisk Changed I This Schmitt Trigger (ST) input senses status from 

the disk drive indic<;lting active low and drive door is 
open or that the diskette has possibly changed since 
last drive selection. The pin has an internal pull-up 
register. 

11 PCVAL FOC Precompensa- I This pin determines the amount of write precompen-
tion Value Select sation used on the inner tracks of the diskette. Logic 

1 = 125 ns, 0 = 187 ns. In the defeat option, the 
PCVAL input is a don't care, and internally the pre-
comp value is disabled. 

TABLE 3-3. SIGNAL DESCRIPTIONS (CONTINUED) 
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WD76C20lLV SIGNAL DESCRIPTION 

PIN MNEMONIC SIGNAL NAME I/O DESCRIPTION 

FLOPPY DISK CONTROL (cont.) 

12 ORV FOC Drive Type I In the input mode, a logic 0 indicates to the FOC that 
PS2 FOC PS2 Drive Type 0 a 2-speed spindle motor is present and that FGLK2 

should be grounded because it will not be used. As 
an option, this pin can be defined as an output to 
support the floppy drive connector pin 2 for PS/2 style 
drives, indicating the FOC is set internally for a single 
spindle motor. The pin has an internal pull-up 
resistor. 

-
13 HS FOC Head Select 0 This high current driver (HCO) output selects the 

head, i.e., side, of the floppy disk that is being read or 
written. Logic 1 = side 0, logic 0 = side 1. 

-
14 WE FOG Write Enable 0 This HGO output becomes true, active low, just prior 

to writing on the diskette. This allows current to flow 
through the write head. 

-
15 WO FOC Write Data 0 This HGO is the write data output. Each falling edge 

of the encoded data pulse stream causes a flux 
transition on the media. 

17 OIRC FOC Stepper 0 This HCO output qetermines the direction of head 
Direction stepper motor. Logic 1 = outward motion, logic 0 = 

inward motion. 

18 STEP FOC Stepper Step 0 This HCO output issues an active low pulse for each 
track to track movement of the head. 

--
28 HOL FOG Head Load 0 This HGO output, when active low, causes the head 

to be loaded against the media in the selected drive. 

29 RWC FOC Reduce Write 0 This HCO output, when active low, causes a reduced 

-- Current write current when bit density is increased toward the 
RPM Revolutions 0 inner tracks, becoming active when tracks> 2. 

Per Minute In PCAT mode, this signal can be used on 2-speed 
drives to select 300 RPM, active low, when 250 MFM 
or 125 FM KBs is selected and ORV = o. 

30 PWRON FOC Power Down 0 CMOS output, when active high, indicates the FOG 
portion of the W076C20 has gone into power down 
mode. This signal can be used to power-down the 
floppy drive if supported. 

-
31 WP FOC Write Protected I This Schmitt Trigger (ST) input senses status from 

the disk drive indicating active low when a diskette is 
write-protected. 

TABLE 3-3.SIGNAL DESCRIPTIONS (CONTINUED) 
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PIN MNEMONIC SIGNAL NAME I/O DESCRIPTION 

FLOPPY DISK CONTROL (cont.) 

32 TROO FDC Track Zero I This ST input senses status from the drive indicating 
active low, when the head is positioned over the 
outermost track, track 00. 

-
33 lOX FDC Index Hole I This ST input senses status from the drive indicating 

active low when the head is positioned over the 
beginning of a track, marked by an index hole. 

CHIP SELECT 

50 CSEN CSL Chip Select I Chip Select Enable TTL input used to output enable 
Enable the appropriate CSL control line as decoded from the 

RA8, RAg, RA1O, DPL and DPH inputs. When 
DACKEN is asserted low, the function of CSEN is 
negated. When used to enable and disable the 
WD76C30 48 MHz clock, CSEN acts as a strobe to 
a latch. When it and DACKEN are both asserted, 
the TC output will go high. 

51 DACKEN CSL Dack Enabled I TIL input that indicates the host is performing a 
DMA transfer unrelated to the WD76C20. When 
active high, it is used to disqualify all CSL input lines. 

52 DPH CSLAddress Parity I Decoded chip select TTL input pad, bit CS4. 
High 

53 DPL CSL Address Parity I Decoded chip select TLL input pad, bit CS3. 
Low 

54 RA10 CSL Address Line 10 I Decoded chip select TTL input pad, bit CS2. 

55 RAg CSL Address Line g I Decoded chip select TTL input pad, bit CS1. 

56 RA8 CSL Address Line 8 I Decoded chip select TTL input pad, bit CSO. 

58 BALE CSLBus ALE I TIL input which, when active high, causes latches 
on the CSL Input Code (CSEN, DPH, DPL, RA1O, 
RAg, RA8) to become transparent. When BALE is 
forced low, the data in the transparent latches is 
latched. This pin has an internal pull-up resistor so 
the pin can be left unconnected and the latches 
transparent. 

70 TC CSL Host Terminal 0 CMOS level output used to indicate the final count 
Count has been reached during a host DMA transfer 

unrelated to the WD76C20. It is also used internally 
by the FDC to indicate a DMA transfer to the floppy 
drive is complete. TC asserts high when both 
DACKEN and CSEN are asserted. (DACKEN=1, 
CSEN=O). 

TABLE 3-3. SIGNAL DESCRIPTIONS (CONTINUED) 
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PIN I MNEMONIC SIGNAL NAME 1/0 DESCRIPTION 

CHIP SELECT (cont.) 

71 PRDY CSL Processor I ST input senses processor ready status to help latch 
Ready the CSL inputs correctly during system byte swapping 

activities. This pin has an internal pull-up resistor so 
that it can be left unconnected when not needed. 
The PRDY input should be used in system designs 
that use the BALE pin. 

--
72 EMS CSL External EMS 0 CMOS card select output decoded from CSL input 

Access lines and issued to select external EMS. 

73 PROGCS CSL Program Chip 0 CMOS chip select output decoded from CSL input 
Select lines and issued as a programmable chip select. 

74 PCUW1 CSL Power Control 0 CMOS write strobe output decoded from CSL input 
Unit Write Strobe #1 lines and issued to write to the PCU #1. 

75 PCUWO CSL Power Control 0 CMOS write strobe output decoded from CSL input 
Unit Write Strobe #0 lines and issued to write to the PCU #0. 

--
76 NPCS CSL Numerical 0 CMOS chip select output decoded from CSL input 

Processor Chip lines and issued to select the numerical processor, 
Select the 80287. 

77 CS8042 CSL 8042 Chip 0 CMOS chip select output decoded from CSL input 
Select lines and issued to select the 8042. 

78 ROMOE CSL ROM Output 0 CMOS chip select output decoded from CSL input 
Enable lines and issued to output enable the BIOS ROM. 

79 CSPARO CSL Parallel Port 0 CMOS chip select output decoded from CSL input 
#0 Chip Select lines and issued as a chip select to the WD76C30 to 

enable the parallel port #0. 

80 CSSSEB CSL Serial Port B 0 CMOS chip select output decoded from CSL input 
Chip Select lines and issued as a chip select to the WD76C30 

to enable the serial port B. 

81 CSSERA CSL Serial Port A 0 CMOS chip select output decoded from CSL input 
Chip Select lines and issued as a chip select to the WD76C30 

to enable the serial port A. 

REAL TIME CLOCK 

58 RCLR RTC RAM Clear I A dual function pin. As long as it is held low, all 
76C20 outputs are held in a high impedance state to 
facilitate testing. It is also used as a ST input 
to clear all 114 bytes of the general purpose RAM. 
None of the clock or calendar functions are 
interrupted, and the 14 registers that are used by 
the RTC are left unchanged. This pin has an 
internal pull-up so it can be left unconnected. 

TABLE 3-3. SIGNAL DESCRIPTIONS (CONTINUED) 
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PIN MNEMONIC SIGNAL NAME I/O DESCRIPTION 

REAL TIME CLOCK (cont.) 

--
60 RTCX RTC Time Base 0 XTAL oscillator output for parallel resonant AT cut 

XTALOut crystal at 32.768 KHz. 

61 RTCX RTC Time Base I 32.768 KHz XTAL oscillator input for use with crystal 
XTAL In oscillator circuit. 

62 VBAT RTC Battery NA Battery backup power supply VDD pin. A 3-volt 
Backup battery connector can be attached to maintain 

the RTC timekeeping functions and SRAM integrity 
during system power-downs. (See Figure 2-3a) 

69 RTCIRQ RTC Interrupt 0 Open-drain CMOS output that is set to tri-state 
Request unless the RTC needs to interrupt the processor, 

when the pin goes low and stays low until register C 
is read, or the part is reset through the RESET pin. 

SUSPEND/RESUME SUPPORT 

63 MX14 SIR 14.318 MHz I Crystal oscillator input for the 14.318 MHz oscillator. 
Crystal In 

--
64 MX14 SIR 14.318 MHz 0 Crystal oscillator output for the 14.318 MHz oscillator. 

Crystal Out 

66 PDREF Suspend/Resume 0 External DRAM refresh line used to support the 
DRAM Refresh WD76C10 when it goes into Suspend/Resume mode. 

During Suspend/Resume mode, this pad provides a 
1.0 llS ± 0.5 llS pulse once every 15.26 llS a (using a 
50% duty cycle) and is used to maintain the DRAM 
integrity with as little power as possible. The Suspend/ 
Resume mode is entered when a CSL address of 15H 
is detected and exited when a CSL address of 16H 
is issued. 

68 OSC SIR WD76C10 0 CMOS level clock driver output used to support the 
Clock Driver WD76C10. When not in the WD76C10's suspend/ 

resume mode, the o.utput waveform is a 14.318 MHz 
square wave, and when in suspend/resume mode, it 
becomes a 32.768 KHz square wave. The WD76C1 0 
suspend/resume mode is entered when a CSL ad-
dress of 15H is detected and exited when a CSL 
address of 16H is issued. 

DATA BUS 

35- DB(0-7) BIL Processor I/O 8-bit bi-directional, tri-stateable data bus. 
42 Data/Address Bus 

TABLE 3-3. SIGNAL DESCRIPTIONS (CONTINUED) 
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WD76C20lLV SIGNAL DESCRIPTION 

PIN MNEMONIC SIGNAL NAME 1/0 DESCRIPTION 

MOTOR CONTROL 

--
23 MOO FDC Motor on #0 0 This HCD output, when active low, is motor on enable 

for disk drive #0, in PCAT mode. 

--
24 M01 FDC Motor on #1 0 This HCD output, when active low, is motor on enable 

for disk drive #1, in PCAT mode. 

--
26 M02 FDC Motor on #2 0 Reserved for 4 Mbyte support (density select). 

--
27 M03 FDC Motor on #3 0 Reserved for 4 Mbyte support (density select). 

DRIVE SELECT 

19 DSO FDC Drive Select #0 0 This HCD output, when active low, is Drive #0 select 
in PC/AT mode, enabling the interface in the disk 
drive. The signal is qualified by the MOENO bit. 

-
20 DS1 FDC Drive Select #1 0 This HCD output when active low is Drive #1 select 

in PC/AT mode, enabling the interface in the disk 
drive. The signal is qualified by the MOEN1 bit. 

-
21 DS2 FDC Drive Select #2 0 This HCD output, when active low, is Drive #2 select 

in PC/AT mode, enabling the interface in the disk 
drive. The signal is qualified by the MOEN2 bit. 

-
22 DS3 FDC Drive Select #3 0 This HCD output, when active low, is Drive #3 select 

in PC/AT mode, enabling the interface in the disk 
drive. The signal is qualified by the MOEN3 bit. 

MISCELLANEOUS 

2, 16,25, VSS Ground 
34,46,65 

5,44,67 VDD +5V Power 

TABLE 3-3. SIGNAL DESCRIPTIONS (CONTINUED) 

5-14 ADVANCED INFORMATION 11/21/91 



CHIP SELECT LOGIC 

4.0 CHIP SELECT LOGIC 
The Chip Select Logic is handled cooperatively by 
ali the chips in the chip set, with each chip contribut
ing its part to the logic. The WD76C10 and 
WD76C20 are particularly interrelated. Many of the 
decoding operations begun by the WD76C10 are 
handed to the WD76C20 for completion, and vice 
versa. For this reason, it is necessary to read both 
this section and section 7 of the WD76C10 for the 
fuliest possible understanding of this function. 

The Chip Select Logic of the WD76C20 provides 
decoding of five CSL input lines, DPH, DPL, RA 10-
S, into 17 output lines. 

Figure 4-1 provides a block diagram of the inputs 
and outputs associated with this component. 

CSEN 

DACKEN 

DPH 

WD76C20lLV 

Before the decoder can function, it must be enabled 
by CSEN going active low arid remains open until 
it is disabled by DACKEN going active high. Op
tionally, the chip select inputs (CSEN, DPH, DPL, 
RA 10, RAg, RAS) can be latched by dropping the 
BALE from 1 to O. These latches are transparent 
when BALE is held high or left unconnected. 

Once enabled, the Chip Select Logic provides 
decoding for the following signals, as shown in 
Table 4-1. 

Table 4-2 lists the I/O addresses and chip selects 
generated for each fixed port. Address bits A 15 
through Ai 0 are ignored for the I/O addresses listed 
with three digits. The ports are listed in the se
quence of the chip select value. 

TQ , 
CSIDE1 , 
CSIDEO , 
ROMOE • CS8042 • NPCS , 
pcuwo , 
PCUW1 , 

CHIP RTC ALE , DPL 

SELECT PElOGCS , 
RA10 LCLACK , 

LDOR , 
FDCS , 
LDCR , RAg 

IDEDENL , 
RA8 IDEDENH , 

CSSERA , 
CSPARO , 
CSSERB , BALE 

FIGURE 4·1. CHIP SELECT BLOCK DIAGRAM 
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CSL INPUT LINES 
cSt DPH DPL RA10 RAg RA8 FUNCTION 

OOH 0 0 0 0 0 Assert ROMOE to Output Enable the ROM BIOS1 

01H 0 0 0 0 1 Assert CS8042 to Chip Select the Keyboard Control1 

02H 0 0 0 1 0 Assert NPCS to Chip Select the Numeric Processor1 

03H 0 0 0 1 1 Assert PCUWO to Write Strobe PCU #0 

04H 0 0 1 0 0 Assert LCLACK to acknowledge Keyboard Processor1 

05H 0 0 1 0 1 Assert RTC ALE for RTC 1/01 

06H 0 0 1 1 0 Assert RTC Write Strobe Gated by CSEN & IOW1 

07H 0 0 1 1 1 Assert RTC Read Stobe Gated by CSEN & IOR1 

08H 0 1 0 0 0 Assert FDC LDOR Register Select Line 1 

09H 0 1 0 0 1 Assert FDC FDCS Chip Select Line 1 

OAH 0 1 0 1 0 Assert FDC LDCR Register (Read/Write) Select Line 1 

OBH 0 1 0 1 1 Assert FDC LDCR Register (Read/Write) Select Line 
& assert IDEDENL and CSIDE1 IDE Card Select 
Lines1 

OCH 0 1 1 0 0 Assert IDEDENL and CSIDEO IDE Card Select Line 
& assert IDEDENH if AO = 01 

ODH 0 1 1 0 1 Assert IDEDENL and CSIDE1 IDE Card Select Line1 

OEH 0 1 1 1 0 Assert CSSERA to Chip Select Serial Port A 1 

OFH 0 1 1 1 1 Assert CSPARO to Chip Select Parallel Port 01 

10H 1 0 0 0 0 Assert CSSERB to Chip Select Serial Port B1 

11H 1 0 0 0 1 Assert PROGCS 1 

14H 1 0 1 0 0 Assert EMS to signify external EMS memory access 1 

15H 1 0 1 0 1 WD76C30 48 MHz Clk Disable, CSL Latches Code, 
OSSERA, CSSERB & CSPARO stay asserted2 

16H 1 0 1 1 0 48 MHz Clk Enable for WD76C30, CSL unlatches 
code, so CSSERA, CSSERB & CSPARO deassert3 

17H 1 0 1 1 1 Assert PCUW1 to Write Strobe PCU #1 

TABLE 4-1. CHIP SELECT LINE DECODER 

1 These signals are generated using latched CSL inputs if BALE is used. __ _ 
2 Suspend Mode is entered by asserting code 15H on the CSL inputs, while qualifying it by CSEN=O, 10W=0, and 

the falling edge of OSC. 
3 Suspend Mode is left by asserting code 16H on the CSL inputs, while qualifying it by an OSC falling edge. 
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PORT 110 ADDRESS Cst FUNCTION 

ROM Chip Select NIA 00 Chip Select for BIOS ROM 
Keyboard Control 060 - 06E 01 Chip Select For 8042 

Even 
80287 OOEO - OOFF 02 Chip Select for Numeric Processor 
Power Control 7072 03 PMC Write Strobe 0 
Reserved 04 Reserved 
Real Time Clock 070 05 RTCALE 
Real Time Clock 071 06 RTC Write Stroke 
Real Time Clock 071 07 RTC Read Strobe 
Floppy Operation 3F2 08 Primary Address 
Chip Select 372 Secondary Address 
Floppy Chip Select 3F4,3F5 09 Primary Address 

374,375 Secondary Address 
Floppy Control 3F7 OA Primary Address 
Chip Select 377 Secondary Address 

(Floppy Enabled, HD Disabled) 
Floppy And HD 3F7 OB Primary Address 
Control Chip Select 377 Secondary Address 

(Floppy Enabled, HD Enabled) 
Hard Disk Chip 1 FO, 1 F1 - 1 F7 OC Primary Address 
Select 170,171 -177 Secondary Address 
Hard Disk Chip 3F6,3Fi OD Primary Address, IDE Mode Only 
Select 376,37i Secondary Address, IDE Mode Only 
Serial Port A Chip 2E8 - 2EF OE2 
Select 2F8 - 2FF 

3E8 - 3EF 
3F8 - 3FF 

Parallel Port 0 278 - 27F OF 
Chip Select 378 - 37F 

3BC - 3BF 
Serial Port B Chip 2E8 - 2EF 102 
Select 2F8 - 2FF 

3E8-3EF 
3F8 - 3FF 

Program Chip PROG 11 
Select 
SCSI 3530 -353X 12 
Cache Flush F872 13 
EMS 14 External EMS 

F072 15 48 MHz Clock Disabled 
F472 16 48 MHz Clock Enabled 

Power Control 7872 17 PMC Write Strobe 1 
Reserved 1E,1F Reserved 

TABLE 4·2. 1/0 ADDRESS AND CHIP SELECT ASSIGNMENTS 

1 IDE Hard Disk enabled, floppy disabled 
2 CS# is the decoded value of CS4-CSO. 
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5.0 FLOPPY DISK CONTROLLER 
This section discusses the Floppy Disk Controller 
in detail. The Floppy Disk Controller (FDC) con
sists of several logical and/or physical blocks, as 
illustrated in Figure 5-2. 

These components are: 

• The 765A-compatible Core 

- Clock & Timing Generator 

• Drive Interface 

Data Separator 

- Write Precompensator 

• Host Interface 

- Control Register 

- Operations Register 

Master Status Register 

Disk Interface Control Register 

Data Register 

Each of these topics is discussed in the following· 
sections. 

5.1 765A-COMPATIBLE CORE 

The WD76C20 maintains the core attributes of the 
765A floppy disk controller. The micro-sequencer 
is functionally equivalent and all commands will 
execute identically, assuring software compatibility 
with the 765A standard. The floppy control state 
machine on the front-end is also functionally 
equivalent. The micro-sequencer and control state 
machine operate at 8 times the selected bit data 
rate in MFM and 16 times the bit data rate in FM. 

5.1.1 Clock and Timing Generator 

The FDC portion of the WD76C20 provides all clock 
generation necessary for the floppy disk subsystem 
including SCLK (Sampling Clock), WCLK (Write 
Clock) and MCLK (Master Clock). 

A 16 MHz crystal oscillator circuit provides the 
necessary signals for internal timing when external 
clocks are unavailable. The 16 MHz signal handles 
all standard data rates (500 and 250 Kb/sec) used 
in PC/AT designs, and a non-standard data rate 
(300 Kb/sec.). If neither the board space nor the 16 

FLOPPY DISK CONTROLLER 

MHz TTL clock is available, FCLK1/FX1 can be 
driven with a 16 MHz TTL-level clock, and FCLK2 
with a 9.6 MHz TTL clock. This will handle standard 
data rates (500, 250, and 125 Kb/sec.), and a 
non-standard data rate (300 Kb/sec.). 

5.1;1.1 SCLK 

SCLK is the clock which drives the digital phase 
lock loop data separator during data recovery. This 
clock frequency is always 32 times the selected 
data rate, and is exactly the frequency ofthe signals 
on FX1 (FCLK1) and FCLK2, whether or not stand
ard data rates are being used (see Table 5-1). 

FCLK SCLK 

FCLK1 FCLK2 Standard Non-Stan. 

16 MHz TIL 9.6 MHz TIL 16 MHz 9.6 MHz 

16 MHz TIL Tied Low 16 MHz Disabled 

TABLE 5-1. FOC SAMPLING (SCLK) CLOCK 

If the oscillator is not used, a 16 MHz TTL clock 
should be applied at FCLK1 (FX1) as shown in 
Figl)re 5-1. Data rates for this crystal are shown in 
Table 5-2. 

.FX1 

I 1 
D C2 

T I 
Ff1 

~ 
CI 

I 
FIGURE 5-1.16 MHZ CRYSTAL 

5-18 ADVANCED INFORMATION 11/21/91 



FLOPPY DISK CONTROLLER WD76C20lLV 

DATA RATE CODE SCLK MCLK WCLK 

125 Kb/sec FM 4MHz 2 MHz 250 KHz 
500 Kb/sec MFM 16 MHz 4 MHz tMHz 
250 Kb/sec FM 8MHz 4 MHz 500 KHz 
250 Kb/sec MFM 8MHz 2 MHz 500 KHz 
300 Kb/sec MFM 9.6 MHz 2.4 MHz 600 KHz 

TABLE 5-2. FDC MCLK & WCLK GENERATION 

5.1.1.2 WCLK 

WCLK is used by the encoder logic to place MFM 
or FM on the serial Write Data stream to the disk. 
WCLK always has a frequency twice the selected 
data rate. See Table 5-2 for WCLK data rates. 

5.1.1.3 MCLK 

MCLK is use~he micro-sequencer. Both the 
MCLK and MCLK clocks latch in a 2-phase 
scheme. One micro-instruction cycle is 4 MCLK 
cycles. MCLK has a frequency equal to 8 times the 
selected MFM data rate or 16 times the FM data 
rate. See Table 5-2 for MCLK data rates. 

5.1.1.4 Automatic Power-Down Mode 

In this mode, the FOC powers down all circuitry 
except for the Data Register, the Operations 
Register, the Control Register, the Master Status 
Register and the I/O path leading to and from the 
data bus. Since the crystal oscillator controller 
circuitry and all non-essential linear circuitry is 
turned off, the controller will draw very low current. 
The FOC can return from power-down mode by 
simply polling the Master Status Register, after 
which the crystal oscillator turns on along with the 
other circuitry. 

To resume on power-up, the FOC turns on the 
crystal oscillator, which in turn activates all the clock 
circuitry on the chip. 

For more information on the Power-Down Modes, 
refer to Section 7. 

5.2 DRIVE INTERFACE 

The FOC's disk drive interface includes data 
separation and write precompensation in addition 
to the usual formatting, encoding/decoding, stepper 
motor control and status sensing functions. All 
inputs are TIL compatible, and outputs are high
current, open-drain drivers that conform to the ANSI 
specification of 48 mAo 

The FOC no longer supports certain pin functions 
provided for in the 765 predecessor. The output 
RW/SEEK is used in the 765-based subsystem as 
a multiplexer select line to allow a pin to have 2 
functions depending on whether a read, write, or 
seek type command is under execution. This signal 
is no longer available externally but is used within 
the W076C20 to assure that no improper pin 
functionality occurs. 

The LCT function has been renamed RWC and 
resides on a pin of its own with slightly altered active 
conditions and in the PC/AT mode is RPM. OIRC is 
the only function on that pin and is enabled only 
during seeks as a power conservation measure. 

STEP is also only enabled during seeks and a fault 
rest (FR) is no longer needed since FLT, fault 
detects, are not sensed. FLT status - status register 
#3, bit 7 - will always be a logic 0 state. Also, track 
zero status, TROO, is only sensed during seeks. 

Two-sided drive status, TS, is no longer supported, 
and Status Register #3, bits 6 and 3 will both now 
reflect Write Protect status. The FOC device as
sumes the drive is ready all the time since OROY 
signal is set to logic 1 internally. This will still result 
in an FIRQ. This action is acknowledged as a 
change in status and demands a Sense Interrupt 
Status command execution in order to clear the 
FIRQ. Signals MFM, ROW, WCK and VCO are no 
longer needed since all logic associated with these 
is now contained within the FOC. 
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5.2.1 Data Separator 

The FDC incorporates the patented digital phase 
lock loop used in the WD92C32 product. The 
sample clock rate, SCLK, must be 32 times the data 
rate. 

5.2.2 Write Precompensation 

The FDC maintains the standard first level algo
rithm to determine when write precompensation 
should be applied. The EARLY and LATE signals 
are used internally to select the appropriate delay 
in the Write Data pulse stream. The encoded write 
data signal is synchronized to the 16 MHz clock, if 
this is the frequency on pin FCLK1, and clocked 
through a shift register, FX1. Signals EARLY, NOM, 
and LATE determine the amount of delay through 
the shift register before a multiplexer gates the 
chosen bit to the output. The output data pulse 
width has 25% duty cycle which equals 1/4 of the 
bit cell period or 1/2 the WCLK period. 

When PCVAL is set to 1, all data will be precom
pensated by ±125 ns regardless of track number 
and data rate, but only for MFM encoding (no write 
precomp for FM). If PCVALis 0, and if a track inside 
number 28 is accessed, then ±187 ns of precomp 
will be generated. For frequencies other than 16 
MHz on FX1 , these precomp values will be 2 and 3 
SCLK clock cycles respectively. 

When a non-standard data rate using FCLK2 is 
chosen, the precompensation logic is run from this 
frequency. In this case, the PCVAL function is 
disabled. Hence precomp values will always be 2 
clock cycles. For 9.6 MHz this value is ±208 ns. 
The write precomp can be disabled by the use of bit 
2 of Control register for PC AT. With no write 
precomp, the PCVAL input to the chip is ignored. 

5.3 HOST INTERFACE 

The host access signals are identical to a 765A 
floppy disk controller, but timings have been en
hanced. The host interface has been designed to 
support up to 12 MHz bus speeds without the use 
of wait states. Input strobes are Schmitt Triggers. 
The data bus drive capability is 12 mA 10L, and 5 
mA 10H, allowing, in most applications, direct inter
connection to bus structures without the use of 
buffers or transceivers. For PC and PC/AT applica
tions, qualification of interrupt request and DMA 
request is provided. 

FLOPPY DISK CONTROLLER 

Traditionally, data rate selection, drive selection, 
and motor control have been output ports of the 
host processor architecture; however, in the PC AT 
these functions are latched into registers ad
dressed within the system's I/O mapping. These 
registers, Operations and Control, are incorporated 
into the FDC. 

The FDC has 8 internal registers. 

• Control Register is a write register that 
provides support logic for selection of desired 
data rates and write precompensation logic. 

• Disk Interface Control Register provides a read 
only register for determining the Disk Change 
status signal. 

• Operations Register provides all the control 
signals required to select the drive and the 
spindle motor. 

• Master Status Register is an 8-bit read/write 
register comprised of these two parts: 

MSR is an 8-bit read only register contain
ing FDC status information and may be 
accessed at any time. 

MSR 1 is an 8-bit write only register contain
ing support for the Power Down Mode and 
the PS/2 drive type select. 

• Status Registers 0-3 are four read only 
registers under system control providing 
various status and error information. 

• Data Register is an 8-bit read/write register 
which stores data, commands, parameters, 
and FDD status information. 

Selection of these registers is handled through the 
decoding of 7 lines as shown in Table 5-3. 
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-- --
ADDRESS MAP CS AO LDCR LDOR R/W/RW 

MASTER STATUS REGISTER 0 0 - - R 
MASTER STATUS REGISTER1 0 0 - - W 
DATA REGISTER 0 1 - - R/W 
OPERATIONS REGISTER - - - 0 W 
CONTROL REGISTER - - 0 - W 
DISK INTERFACE REGISTER - - 0 - R 

TABLE 5-3. FDC REGISTER MAP 

5.3.1 Control Register 

The Control Register is a Write register. 

Address 3F?, LDCR = 0, lOW = 0 - Write only 

The Control Register is used to set the data transfer 
rate and disable write precomp. On receiving an 
lOW, the WD?6C20 latches the three LSB's of the 
data bus. These bits, along with CR1 and CRO in 
the Control Register, are used as shown in Table 
5-1 to select the desired data rate which, in turn, 
controls the internal clock generation. Clock 
switch over is internally corrected, allowing con
tinuous operation after changing data rates. 
Switching this clock must be errorless or the device 
must be reset. For all non-standard transfer data 
rates, use Table 5-2. 

As an option, FDC also supports a 150 Kb/sec FM 
data transfer rate. The Control Register is used to 
set the transfer data rate as shown in Table 5-2. 
FX1 (pin 4) can be driven with a TTL level 9.6 MHz 
signal. With this setup, only 150 Kb/sec (FM) and 
300 Kb/sec (MFM) data transfer rates can be 
selected. If the Control Register is not used, the 
data rate is governed by the supplied clock, or 
crystal, frequency and must be 64 times the desired 
MFM data rate. This provides a maximum frequen
cy of 16 MHz for the data rate of 250 Kb/sec. 

In PC/AT mode, precomp can be disabled by the 
use of the No Write Precomp (NWP) bit in the 
Control Register as shown in Figure 5-3. 

Signal Default 
Name At Reset 
NWP ....................... 0 
CR1 ....................... 0 
CRO ....................... 0 

Bits 7-3 - Reserved, not defined. 
Bit 2 - NWP, No Write Precomp 

In PC/AT mode, precomp can be disabled. This 
enables the PCVAL input pin. 

NWP = 0-
Write Precomp enabled. 

NWP = 1 -
Write Precomp disabled. 

Bit 1 - CR1, Data Rate 1 
CR1 = 0-

Refer to Tables 5-4. 

CR2 = 1 -
Refer to Tables 5-4. 

Bit ° -CRO, Data Rate 0 

CRO = 0-
Refer to Table 5-4. 

CRO = 1 -
Refer to Tables 5-4. 
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DATA RATE PC/AT RPM MODE CRl CRO DRV 

16 MHZ 

500 Kb/sec 1 MFM 0 0 X 
250 Kb/sec 1 FM 0 0 X 
250 Kb/sec 0 MFM 0 1 0 
300 Kb/sec 0 MFM (9.6 MHz) 0 1 1 
250 Kb/sec 0 MFM (Reset Default) 1 0 X 
125 Kb/sec 0 FM (Reset Default) 1 0 X 
125 Kb/sec 0 FM 1 1 X 

9.6 MHZ 

300 Kb/sec 1 MFM 0 0 X 
150 Kb/sec 1 FM 0 0 X 

TABLE 5-4. FCLKl DATA RATE DECODER 

5.3.2 Disk Interface Control Register 

The Disk Interface Control Register is a Read only 
register. It shares the same address as the Control 
Register but is accessed to indicate the state of 
DCHG. This signal helps decode Disk Interface 
Control logic by sensing status from the disk drive. 
It senses low if the drive door is open or the diskette 
has changed since the last drive selection. 

Address 3F?, LDCR = 0 - Read only 

During the Read Mode, bit? indicates the state of 
the Disk Change Status signal, DCHG. Bits 6 
through 0 are tri-stated and used by the hard disk 
during this read. 

Signal Default 
Name At Reset 
Bit 6-0 ...................... Tristated 
Bit? ....................... 0 

Bit 7 - D_CHG, Disk Changed status signal 

D_CHG = 0-

DCHG has not changed state. 

D_CHG = 1 -

DCHG has changed state. 

Bits 6-0 - Tri-stated 

5.3.3 Operations Register 

Address 3F2, LDOR = 0, lOW = 0, PCAT Mode -
Write only 

When the Operations Register receives an lOW, 
the data on the data bus is latched into the Opera
tions Register. This register replaces the typical 
latched port seen in floppy subsystems used to 
control disk drive spindle motors and select desired 
drive. 

7 I 6 I 5 I 4 3 2 1 I 0 
MOEN DMAEN SRST DSEL 

3 12 11 10 1 10 

Signal Default 
Name At Reset 
MOEN3-0 ................... 0 
DMAEN ..................... 0 
SRST ...................... 1 
DSEL1-0 .................... 0 

Bits 7-4 - MOEN3-D, Motor On Enable 3-0 

MOEN3 throufl!:!..Jy10ENO produce the inverted 
outputs M03, M02, M01 , and MOO. 

Bit 3 - DMAEN, DMA Enable 
In PC/AT mode, FIRQ and DMA are tri-stated and 
qualified by DMAEN. The data bus is designed 
to handle 20 LSTTL loading. 
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Bit 3 = 0-
DMA and FIRO outputs and DACK input dis
abled. 

Bit 3 = 1 -
DMA and FIRO outputs and DACK input 
enabled. 

Bit 2 - SRST, Soft Reset 

Bit 2 = 0-
The Floppy Disk Controller will be reset. After 
the Soft Reset has occurred, bit 2 is returned to 
a 1. 

Bit 2 = 1 -
Normal or default state. 

Bit 1, 0 - DSEL 1, 0, Drive Select 

The DSEL 1 ,0 drive select bits are valid only when 
in the PC/AT Mode. 

DS1 DSO DRIVE SELECT 

0 0 DSO Active 
--

0 1 DS1 Active 
--

1 0 DS2Active 

TABLE 5-5. DRIVE SELECT DECODE 

5.3.4 Master Status Registers 

The Master Status Register (MSR) is a ReadlWrite 
register. The Write Mode and Read Mode of the 
Master Status Register provide different functions 
and are discussed separately in this section. 

The Write Mode MSR, called MSR1, sets the con
ditions for drive select and motor enable signals. It 
also checks for correct polarity on the DRV/PS2 pin 
for PS/2 drive types. 

Table 5-6 shows the sequence to select the PS/2 
type of drives and the polarity on DRV/PS2 pin 
which is tied to pin 2 on the floppy disk drive 
connector. If this register is not programmed for 
PS/2 configuration, the RWC output from FDC 
should go to pin 2 of the floppy disk drive connector. 
The default is AT mode which means that the RWC 
output from the FDC should be tied to Pin 2 of the 
FDC connector. 

WD76C20lLV 

AO lOR lOW Function 

0 0 1 Read from Main Status 
Register (MSR) 

0 1 0 Write into Main Status 
Register (MSR1) 

0 0 0 Illegal 

1 0 0 Illegal 

1 0 1 Read from Data Register 

1 1 0 Write into Data Register 

TABLE 5-6. MSR/DDR DECODE 

The WD76C20 decodes for both the Master Status 
Register and ~Data Register based on five sig
nals: AO, RD, WR, RD, and WR as shown in Table 
5-5. 

5.3.4.1 MSR1: Power-Down and PS/2 Support 

Address 3F4, AD = 0, lOW = 0 - Write only 

In the Write Mode, the MSR1 register contains 
support for the Power Down Mode and the PS/2 
drive type select. You may write to this register to 
enable the Power Down Mode (option 1), to disable 
user transparent Power-Down Mode (option 2), and 
set up the PS/2 type drive configuration. The 
Power Down-Mode is discussed in more detail in 
section 7. 

7 I 6 5 I 4 I 3 I 2 1 0 

CTST PSSEL PD2E PDM 
NAB 

1 10 3 12 11 10 

Signal Default 
Name At Reset 
CTST1,0 .................... 0 
PSSEL3-0 ................... 0 
PD2ENAB ................... 1 
PDM1 ...................... 0 

The storage element for all bits is FF and the clock 
qualifier is MSRCK. 

Bits 7,6 - CTS1-0, reserved 

CTS1 and CTSO should always be zero. 
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Bit 5 - PSSEL3 

PSSEL3 = 1 -
PS2 drive 3 is selected. 

Bit 4 - PSSEL2 

PSSEL2 = 1 -
PS2 drive 2 is selected. 

Bit 3 - PSSEL 1 

PSSEL1 = 1 -
PS2 drive 1 is selected. 

Bit 2 - PSSELO 

PSSELO = 1 -
PS2 drive 0 is selected. 

FLOPPY DISK CONTROLLER 

PDM = 1 -
The FDG immediately enters the user-initiated 
Power Down Mode. Refer to section 7 for more 
details. 

5.3.4.2 MSR: FDC Status Information 

Address 3F4, AD = 0, 10R= 0 - Read only 

In the Read Mode, MSR contains FDG status infor
mation and can be accessed at any time. 

7 6 5 4 3 2 1 0 

ROM OlIO EXM CB 03B 02B 01B OOB 

Signal Default 

Bit 1 - PD2_ENAB, FDG Power Down Option 2 

PD2_ENAB = 0 -

Name At Reset 
Bits 7-0 ..................... 0 

Bit 7 - RQM, Request For Master 
User-transparent Power Down Mode option 2 is 
disabled. 

PD2_ENAB = 1 -

ROM = 0-
The FDG is busy. 

ROM = 1 -User-transparent Power Down Mode option 2 is 
enabled. A hard reset also enables the PDM 
option 2. Refer to section 7 for more details. 

Bit 0 - PDM, FDG Power Down Mode Option 1 

PDM = 0 - Disabled 

The Data Register is ready to send to or receive 
data from the processor. ROM and OliO should 
be used to perform handshaking functions 
specifying the ready status and signal direction 
to the processor. 

PDM is set to 0 by a hard or soft reset. 

STEP CODE REGISTER VALUE DESCRIPTION RWC DRV 

1. 3F4 00 Disable FDG Sleep Mode - -

2. 3F? 00 Select 500 Kb/sec data rate and 3.5" 1.44 MB 1 1 
in AT Mode 

----
3. 3F2 1G Disable SRST, enable DSO, MOO, and DMAEN 1 1 

bits of Operations Register 

4. 3F4 04 Enable bit 2 of MSR and select PS2 drive 0 1 1 
(1.44 MB) 

-- ----
5. 3F2 1G Disable SRST, enable DSO, MOO, and DMAEN 1 0 

bits of Operations Register 

6. 3F4 08 Enable bit 3 of MSR and select - -

7. 3F7 02 Select 250 Kb/sec data rate and 3.5" 720 KB 0 0 
-- ----

8. 3F2 20 Disable SRST, enable DS1, M01 and DMAEN 0 1 
bit of the Operations Register PSSEL 1 (3.5" 
720 KB) 

TABLE 5-7. PS/2 SUPPORT SEQUENCE 
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Bit 6 - OliO, Data Input 

DIIO indicates the direction of the data transfer 
between the FDC and the processor. 

DIIO = 0-
Transfer is from the processor to the Data 
Register. 

DIIO = 1 -
Transfer is from the Data Register to the proces
sor. 

Bit 5 - EXM 

EXM operates only during the Execution phase in 
non-DMA mode. 

EXM = 0-
Execution Phase has ended and the Results 
Phase has started. 

EXM = 1 -
Performing Execution Phase in non-DMA 
mode. 

Bit 4 - CD, Floppy Disk Controller Busy 

CB = 0-
The FDC is not busy. 

CB = 1 -
A Read or Write Command is in progress. The 
FDC will not accept any other command. 

Bit 3 - D3B, Floppy Disk Drive 3 Busy 

D3B = 0-
Floppy Drive 3 is not in Seek Mode. 

D3B = 1 -
Floppy Drive 3 is in Seek Mode. If the Floppy 
Drive is in the Seek Mode, the FDC will not Read 
or Write commands. 

Bit 2 - D2B, Floppy Disk Drive 2 Busy 

D2B = 0-
Floppy Drive 2 is not in Seek Mode. 

D2B = 1 -
Floppy Drive 2 is in Seek Mode. If the Floppy 
Drive is in the Seek Mode, the FDC will not Read 
or Write commands. 

Bit 1 - 01 B, Floppy Disk Drive 1 Busy 

D1 B = 0-
Floppy Drive 1 is not in Seek Mode. 

WD76C20lLV 

D1 B = 1 -
Floppy Drive 1 is in Seek Mode. If the Floppy 
Drive is in the Seek Mode, the FDC will not Read 
or Write commands. 

Bit 0 - DOB, Floppy Disk Drive 0 Busy 

DOB = 0-
Floppy Drive 0 is not in Seek Mode. 

DOB = 1 -
Floppy Drive 0 is in Seek Mode. If the Floppy 
Drive is in the Seek Mode, the FDC will not Read 
or Write commands. 

5.3.4.3 Overrun Error Status Reporting 

The WD76C20 has the capability to detect and flag 
data overruns during DMA operations. This situa
tion may occur, for example, when a floppy opera
tion, DRAM refresh, and DMA channel 2 transfer 
occur simultaneously. Should a data overrun 
occur, D4 (OR) in Status Register 1 (SR1) will be 
set. 

Versions of the WD76C20 which contain this fea
ture can be distinguished easily by reading RTC 
RAM location 66H after reset. If the device contains 
the overrun flag feature, the LSB location 66H is 1. 
In these devices, 66H is read only. 

Address 66 - Read only 

1 7 1 6 1 5 1 4 1 3 1 2 I' 1 R:, I 

Signal Default 
Name At Reset 
Bit 0 ....................... 1 

Bits 7-1 - Not defined 

Bit 0 - Flag, Overrun Flag 

Flag = 0-
There is no overrun flag feature supported by 
this version of the WD76C20 device. 

Flag = 1 -
The overrun flag feature is supported by this 
version of the WD76C20 device. 
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5.3.5 Status Registers 

Address 3F4, AO = 1, CS = 0, lOR = 0 

There are four read only status registers that are 
part of the Floppy result phase and contain a variety 
of status information. They can only be accessed 
after the execution phase and must be read se
quentially, starting with SRO and going through 
SR3. 

These four status registers are explained on the 
following pages. 

5.3.5.1 Status Register 0 

7 I 6 5 4 3 2 1 0 

IC SE EC NR HS US1 usa 

Signal Default 
Name At Reset 
All signals ................... 0 

Bits 7 - 6 - IC, Interrupt Code 

IC 
7 6 

o 0 Normal termination of command was 
completed and properly executed 

o Abnormal termination of the command 
(AT). Execution was started but was not 
successfully completed 

o Invalid command issue (IC). Issued 
command was never started 

Not defined 

Bit 5 - SE, Seek End 

SE = 0-
The FDC has not completed the SEEK com
mand. 

SE = 1 -
The FDC has completed the SEEK command. 

Bit 4 - EC, Equipment Check 

EC = 0-
Track 0 signal occurred within 77 step pulses 
per Recalibrate Command. 

EC = 1 -

FLOPPY DISK CONTROLLER 

Track 0 signal failed to occur after 77 step 
pulses per Recalibrate Command and set this 
flag. 

Bit 3 - NR, Not Ready 

NR = 0-
Drive is ready. This is always assumed to be 
10gicO. 

Bit 2 - HS, Head Select 

This flag is used to indicate the state of the head 
at i nterru pt. 

Bit 1 - US1, Unit Select 1 

This flag is usetl to indicate a Drive Unit Number 
at interrupt. 

Bit ° -USC, Unit Select 0 

This flag is used to indicate a Drive Unit Number 
at interrupt. 

5.3.5.2 Status Register 1 

7 6 5 4 3 2 1 0 

EN 0 DE OR a ND NW MA 

Signal Default 
Name At Reset 
All signals ................... 0 

Bit 7 - EN, End of Cylinder 

EN = 1 -
When the FDC tries to access a sector beyond 
the final sector of a cylinder, this flag is set. 

Bit 6 - Not used. This bit is always low. 

Bit 5 - DE, Data Error 

DE = 1 -
The FOC has detected a Cyclic Redundancy 
Check (CRC) error in either the 10 field or the 
data field and set this flag. 

Bit 4 - OR, Overrun 

OR= 0-
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The FDC was serviced by the Host during data 5.3.5.3 Status Register 2 
transfers within a specified time interval. 

OR = 1 -
The FDC was not serviced by the Host during 
data transfers within a specified time interval 
and this flag was set. 

Bit 3 - Not used. This bit is always low. 

Bit 2 - NO, No Data 

When this bit is high, it can indicate one of several 
problems with FDC tracking or reading. 

ND=O -
This flag is not set. 

NO = 1 -
During execution of READ DATA, WRITE 
DELTED DATA, or SCAN, the FDC could not 
find the section specified in the Internal Data 
Register (lOR) and this flag was set. 

During execution of the READ 10 command, the 
FDC could not read the 10 field without an error 
and this flag was set. 

During execution of the READ A TRACK com
mand, the starting sector could not be found and 
this flag was set. 

Bit 1 - NW, Not Writeable 

NW=O-
This flag is not set. 

NW= 1-
During execution of WRITE DATA, WRITE 
DELETED DAT/LQr FORMAT A TRACK, the 
FDC detected a WP from the Floppy Disk Drive 
and this flag was set. 

Bit 0 - MA, Missing Address Mark 

MA= 0-
This flag is not set. 

MA= 1 -
If the FDC cannot detect the 10 Address Mark 
after encountering the index hole twice, then 
this flag is set. 

If the FDC cannot detect the Data Address Mark 
or Deleted Data Address Mark, this flag is set. 
At the same time, the Missing Address Mark in 
the data field (MD) of Status Register 2 is set. 

7 6 5 4 3 2 1 

0 eM DD we SH SN Be 

Signal Default 
Name At Reset 
All signals ................... 0 

Bit 7 - Not used. This bit is always low. 

Bit 6 - CM, Control Mark 

CM=O -
This flag is not set. 

CM = 1 -

0 

MD 

During execution of the READ DATA or SCAN 
command, the FDC encountered a section that 
contained a Deleted Data Address Mark and 
this flag was set. 

Bit 5 - DO, Data Error 

DO = 0-
FDC detected no CRC error in the data field. 

DO = 1 -
FDC detected a CRC error in the data field and 
set this flag. 

Bit 4 - WC, Wrong Cylinder 

This bit is related to the NO bit. 

WC=o-
This flag is not set. 

WC = 1-
When the contents of Cylinder (C) on the 
medium is different from that stored in the lOR, 
this flag is set. 

Bit 3 - SH, Scan Equal 

SH =0-
During execution of the SCAN command, the 
condition of equal is not satisfied. 

SH = 1 -
During execution of the SCAN command, the 
condition of equal is satisfied and this flag is set. 
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Bit 2 - SN, Scan Not 

SN =0-
This flag is not set. 

SN = 1 -
The FDC cannot find a sector on the cylinder 
meeting the condition of SCAN and this flag is 
set. 

Bit 1 - BC, Bad Cylinder 

This bit is related to the ND bit. 

BC=O -
This flag is not set. 

BC = 1 -
When the contents of C on the medium does not 
agree with the IDR and the contents of C is FF, 
this flag is set. 

Bit 0 - MD, Missing Address Mark In Data Field 

MD=O-
This flag is not set. 

MA= 1 -
When data is read from the medium, if the FDC 
cannot detect a Data Address Mark or Deleted 
Data Address Mark, then this flag is set. 

5.3.5.4 Status Register 3 

7 6 5 4 3 2 1 0 

0 WP RY TO WP HS US1 USO 

Signal Default 
Name At Reset 
Bit7 ....................... 0 
WP ........................ 1 
RY ......................... 1 
TO ......................... 0 
WP ........................ 1 
HS ........................ 0 
US1 ....................... 0 
USO ............. : . .J • ••••••• 0 

Bit 7 - Not used. This bit is always low. 

This differs from the NEC765. 

FLOPPY DISK CONTROLLER 

Bit 6 - WP, WRITE PROTECTED 

This bit is used to indicate the status of the WP 
signal from the Floppy Disk Drive. 

WP = 0-
WP is asserted. 

WP = 1-
WP is not asserted. 

Bit 5 - RY, Ready 

This differs from the 765 standard. 

RY = 1 -
This bit is always set to this value because the 
drive is presumed to be ready. 

Bit 4 - TO, Track 0 

This bit is used to indicate the status of the Track 
o signal from the FDD. 

TO = 0-
TO is not asserted. 

TO = 1 -
TO is asserted. 

Bit 3 - WP, WRITE PROTECTED 

This bit is used by the WD76C20 to indicate the 
status of the WRITE PROTECTED signal from 
the FDD. 

WP=O-
WP is asserted. 

WP = 1-
WP is not asserted. 

Bit 2 - HS, Head Select 

This bit is used to indicate the status of the Side 
Select signal to the FDD. 

HS = 0-
Side Select signal is not asserted. 

HS = 1 -
Side Select signal asserted. 

Bit 1 - US1, Unit Select 1 

This bit is used to indicate the status of the Unit 
Select 1 signal to the FDD. 

5-28 ADVANCED INFORMATION 11/21/91 



FLOPPY DISK CONTROLLER 

US1 = 0-
Unit Select 1 signal is not asserted. 

US1 = 1 -
Unit Select 1 signal is asserted. 

Bit 0 - US2, Unit Select 2 

This bit is used to indicate the status of the Unit 
Select 2 signal to the FDD. 

usa = 0-
Unit Select 2 signal is not asserted. 

USO = 1 -
Unit Select 2 signal is asserted. 

WD76C20lLV 

5.3.6 Data Register 

The eight-bit Data Register is a ReadlWrite register 
controlling the flow of data that stores data, com
mands, parameters, and FDD status information. 
Data bytes are read out of, or written into, the Data 
Register in order to program or obtain results after 
a particular command. 

The Data Re~e..r:..l§. selectively decoded by four 
signals - AO, RD, WR, and FOGS (GSL code 09) -
as shown below. 

AO RD WR FDCS FUNCTION 

1 0 1 0 Read Data Register 

1 1 0 0 Wrote to Data Register 

TABLE 5-8. DATA REGISTER DECODE 

Address 3F5 - Read and Write 

Two bits within the MSR (address 3F4), ROM (bit 
7) and 010 (bit 6) are used to perform the hand
shaking function and transfer data between the 
Data Register and the processor. All disk data trans
fer goes through this register. Once the FOG enters 
the command execution phase, it clears the Data 
Register of all data to ensure that no invalid data is 
transferred. 

171615141312111°1 
Register Data 
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6.0 IDE DRIVE INTERFACE 
This section discusses the components of the 
WD76C20 that control and oversee the function of 
the Integrated Drive Electronics (IDE) interface 
logic. While most of the traditional hard disk con
troller functions reside on the drive itself, the chip 
set must still interact at several points with the drive 
in order to coordinate the transmission of data and 
address information across the bus. 

6.1 IDE DRIVE SIGNAL LOGIC 

The WD76C20 provides multiplexing and data path 
buffering for IDE drive data. Internally, these func
tions are achieved using pads DB7 and IDED7. 

6.2 CHIP SELECT 

IDE drive support is handled by the WD76C1 0 and 
WD76C20 cooperatively, utilizing chip select logic. 
Table 6.-1 provides a table of the chip select assign
ments Integral to the IDE support. For more infor
mation on Chip Select Logic, refer to Section 4. 

6.3 IDE/FDD DRIVE SELECTION 

The WD76C20 determines whether the IDE drive 
or the FDD is using the bus. When the CSL 
decodes for OA, any reads or writes to address 3F? 
or 377 indicate that the Floppy Disk Drive is chosen. 
When the CSL decodes for OB, reads to 3F? indi
cate the FDD and writes specify the IDE drive. 
When the CSL decodes for OC, reads and writes 
are always selected for a hard disk drive at addres
ses 1 FO through 1 F? and 1?0 through 177. When 
the CSL decodes for 00, reads and writes are 
always selected for the hard disk (IDE drive only), 
at addresses 3F6 - 3F? and 376 - 377. 

PORT I/O ADDRESS 

Floppy/Hard Disk Chip Select 3F7 
377 

Hard Disk Chip Select 1FO, 1F1 -1F? 
1?0, 1?1 -177 

IDE Hard Disk Chip Select 3F6,3Fi 
376,37i 

IDE DRIVE INTERFACE 

6.4 IDE READIWRITE 

The read or write status of the IDE drive is deter
mined by the IDEO? signal which provides a data 
path for bit? between the host and the IDE drive 
interface. IDEO? becomes an output, writing data 
from the host to the drive, when lOW is driven low. 
IDEO? is an input signal, reading data from the drive 
to the host, when lOR is low. 

The exception to this rule is when the chip is reading 
from address 3F? As previously explained, when 
lOR is detected at this location, the floppy DCHG 
status is output on the host data bus pin DB? 

6.5 IDE DRIVE SELECT 

The WD?6C20 can support a maximum of two 
drives. Drive selection is determined by the 
CSIDEO and CSIDE1 signals. Normally, when 
CSIDEO is driven low, it indicates that drive 0 is on 
the bus; when CSIDE1 is driven low, this indicates 
that drive 1 is on the bus. Both of these signals are 
activated through a decode in the CSL and are 
asserted in conjunction with either IDEDENL or 
both IDEDENH and IDEDENL. CSL OB decodes 
for CSIDE1 and OC decodes for CSIDEO. 

6.6 DATA PATH SELECT 

The IDE data path can either be 8- or 16-bits wide. 
Recognition of this width is made possible using the 
IDEDENL and IDEDENH signals. When asserted 
low, IDEDENLand IDEDENH indicate a 16-bit path 
exists. IDEDENH is asserted only when AO is 
driven low and the CSL has decoded for OC. 
IDEDENL is asserted when CSL is decoded for OC 
orOD. 

CSt FUNCTION 

OB Primary Address 
Secondary Address 
(Floppy Enabled, HD Enabled) 

OC Primary Address 
Secondary Address 

00 Primary Address, IDE Mode Only 
Seconary Address, IDE Mode Only 

TABLE 6-1. IDE CHIP SELECT ASSIGNMENTS 

1 IDE Hard Disk enabled, floppy disabled. 
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7.0 REAL TIME CLOCK 
This section describes the Real Time Clock and its 
associated registers. A block diagram of the RTC 
is shown in Figure 7-1. 

ATCCS -RTCALF -lOR -.oW -08(7:0) --

OSC 

POWER 
SWITCH 

BUS 
INTERFACE 

CLOCKI 
CALENDAR 

UPDATE 

BCD} 
BINARY 

INCREMENT 

CLOCK. ALARM 
CALENDAR 
REGISTERS 

114 BYTES 
GENERAL PURPOSE 

USER SRAM 

WD76C20lLV 

FIGURE 7-1. RTC BLOCK DIAGRAM 

Ten SRAM data registers (Registers 00-09) contain 
all the calendar/clock/alarm information with the 
RTC crystal-controlled oscillator and frequency 
divider providing the appropriate timing updates to 
keep them accurate. Control and status informa
tion forthe RTC is contained in Registers A-D ofthe 
SRAM. Remaining SRAM registers, with a total 
capacity of 114 bytes, are available to the user. 

Read and/or write access to the SRAM (con
trol/status, calendar/clock/alarm, and general pur
pose registers) is through the RTC bus interface. 
This interface gets signals from the 76C20 Bus 
Interface and Chip Select Logic functions and ap
propriately buffers bits 00-07 between the 76C20 
internal bus and the RTC internal bus accessing the 
SRAM. 

Calendar/clock/alarm information is processed 
through Update Logic that: 

• Increments calendar/clock counts based on 
"ticks" received from the Frequency Divider, 

• Attends to Daylight/Standard Time and Leap 
Year adjustments, and 

• Formats/deformats the information as straight 
binary or binary coded decimal data, as 
selected. 

Input power to the RTC component is from the 
VBAT pin. Switching from System VDD to battery 
power is accomplished through two diodes as 
shown in Figure 7-1. 
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270 ohms 

Lithium +--'--
Battery 

3Vo l 

TMM5711 
OR 

SD101A 
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OR 

SD101A 

VBAT 

VDD 

FIGURE 7-2. VBAT EXTERNAL SUPPORT 

7.1 TIME BASE OSCILLATOR CIRCUIT 

The oscillator that provides the time base for the 
RTC requires the external circuit shown in Figure 
7 -2 and the values listed in Table 7-1. The crystal 
used in parallel with the on-Chip oscillator should be 
an AT-cut crystal with a 32.768 KHz resonant fre
quencyas shown in Figure 7-3, using signals listed 
in Table 7-2. When in battery backup mode, this 
circuit is still active, providing the rest of the RTC 
with a valid time base. 

VBATI 
RTCX 

RF 

Coul Gin 

~ I 
FIGURE 7-3. RTC CRYSTAL EXTERNAL 

CIRCUITRY 

RA 

REAL TIME CLOCK 

Ll C1 R1 

I 

RTCX 

co 

FIGURE 7-4. RTC CRYSTAL PARAMETERS 

7.2 POWER SWITCH 

This functional block is used to detect when the 
system power is shutting down and the RTC needs 
to go into battery backup mode. In the event of a 
full chip power-down without a battery backup, the 
VRT bit of register D will be reset to zero, indicating 
that the contents of the S RAM and RTC operational 
registers are not guaranteed. In order to reset the 
bit, register D must be read after a full power-up. 

7.3 BUS INTERFACE 

The RTC Bus Interface block is used to access the 
internal bus for the WD76C20. Protocol is main
tained between the BIL block (Bus Interface Logic) 
and the RTC Bus Interface. The BIL block 
generates the RD and WR strobes, and the CS 
signals are decoded from the external bus by the 
Chip Select Logic. 

7.4 CLOCK DIVIDER 

This functional block uses clock divider logic to split 
the 32.768 KHz time base down to a 1 Hz signal 
that can be used by the timekeeping blocks. It also 
provides the periodic interrupt block with access to 
all stages of the division. 
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7.5 PERIODIC INTERRUPT 

This functional block has access to the various 
stages of the Clock Divider. Using these signals 
under the direction of register A, an RTCIRQ pulse 
can be generated periodically for the processor, 
varying from once every 122 I-lS to once every 500 
ms. The Periodic Interrupt function is enabled by 
the PIE bit in register B. 

7.6 BCD/BINARY INCREMENT & 
CLOCK/CALENDAR UPDATE 

This dual purpose logic block is used to increment 
and update the 10 timing registers and to check for 
the existence of an alarm condition. Several 
register bits are used to control this block, prevent
ing contention between a processor seeking ac
cess to the information registers and the 
occurrence of an update cycle. 

7.7 OPERATIONAL REGISTERS 

Shown in Figure 7-2 is a memory map of the RTC, 
SRAM and operational registers. Under normal 
conditions all these registers are ReadlWrite ex
cept: 

WD76C20lLV 

Registers C and D are Read Only. 

Bit 7 of register A is Read Only. 

The high order bit of the seconds byte is 
Read Only. 

7.7.1 Setting Correct Time 

Writing the correct time to the RTC is done using 
this sequence: . 

1. Program the SET bit in register B to 1 and the 
Data Mode bit (DM) of Register B to the ap
propriate level. 

2. Load the 10 bytes representing the current 
time and alarm status from the host into the 
RTC by addressing the appropriate memory 
locations and performing a normal I/O Write 
operation. 

3. After all 10 timing bytes and the DM bit have 
been written to the RTC, the SET bit should 
be cleared. 

After this, the DM bit cannot be changed without 
reinitializing all 10 registers. 

BYTES -/ 
SECONDS 

SECONDS ALARM 

MINUTES 

MINUTES ALARM 

HOURS 

HOURS ALARM 

00 ., 
02 

03 

04 

os .. 
.7 .. 

0 

13 
14 

102 

127 

00 
RTC DAY OF THE WEEK 

(14 Bytes) 
DAY OF THE MONTH 

"'~ GENERAL 
PURPOSE 

RAM 
(',4 Bytes) 

MONTH 

YEAR 

REGISTER A 

REGISTER B 

REGISTER C 

REGISTER 0110 

VERSION 66 NUMBER 

L...-__ --' 7F 

FIGURE 7-5. RTC ADDRESS MAP 
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ADDRESS FUNCTION RANGE 

DECIMAL BINARY BCD DATA 

00 SECONDS 0-59 00 - 3B 00 - 59 
01 SECONDS ALARM 0-59 00 - 3B 00 - 59 
02 MINUTES 0-59 00 - 3B 00 - 59 
03 MINUTES ALARM 0-59 00 - 3B 00 - 59 
04 HOURS -12 HOUR MODE 1 - 12 01-0C am,81-8C pm 01-12,81-92 

HOURS - 24 HOUR MODE 0-23 00 -17 00 - 23 

05 HOURS ALARM - 12 HOUR MODE 1 - 12 01-0C am,81-8C pm 01-12, 81-92 
HOURS ALARM - 24 HOUR MODE 0-23 00 - 17 00 - 23 

06 DAY OF THE WEEK (SUNDAY = 1 etc.) 1 - 7 01 - 17 01 - 17 
07 DATE 1 - 31 01 - 1 F 01 - 31 
08 MONTH 1 - 12 01· DC 01 - 12 
09 YEAR 0-99 00 - 63 00 -.99 

TABLE 7-1. RTC DATA MODES 

Table 7-1 shows the Binary and BCD formats of the 
time, calendar and alarm locations. When the 12-
hour format is selected, the high order bit of the 
hours byte represents AM when it is 0, and PM 
when it is 1. Once a second, the 10 bytes are 
updated and checked for alarm conditions. If a 
Host Read of the time occurs during an update, the 
hours, minutes, and seconds may not agree. 
Methods to avoid this possibility are covered later. 

7.7.2 Setting Alarm Intervals 

Alarms can be set to interrupt the Host in a variety 
of ways, designating intervals ranging from once a 
second to once a day. To set periodicity: write don't 
care bytes (any value from CO to FF) into the 
appropriate alarm registers. In this way, an alarm 
scheduled to interrupt the Host only once a day 
would have all alarm registers programmed to the 
proper values. An alarm scheduled to go off once 
an hour would have a don't care value in the hour 
register. One scheduled to go off every minute 
would have don't care values programmed into 
hours and minutes. An alarm will go off every 
second if all three registers are programmed to 
don't cares. 

7.7.3 RTC Register A 

Address OA - Bit 7 Read only, Bits 6-0 Read/Write 

7 6 5 4 3 2 1 0 

UIP DV2 DV1 DVO RS3 RS2 RS1 RSO 

Signal Default 
Name At Reset 
UIP ........................ None 
DV2-0 ...................... None 
RS3-0 ...................... None 

Bit 7 - UIP, Update In Progress 

Used by the Host to determine when updates are 
not going to occur. 

UIP = 0-
The Host can assume that a transfer is not going 
to happen for at least another 244 Ils, during 
which time registers 9 through 0 are fully avail
able. Writing 1 to the SET bit (Register B, bit 7) 
inhibits any further updates and clears the UIP 
bit. 

UIP = 1 -
An update is in progress during which time 
registers 9 through 0 are not available. 
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Bits 6-4 - DV2-0, Oscillator Control 2-0 

OV2, OV1 and OVO enable and disable the oscil
lator for use during product shipping. The code 
010 will turn the oscillator on and start dividing. 

Bits 6-4 - DV2-0, Oscillator Control 2-0 

RS3, RS2, RS1 and RSO are used to select the 
periodic interrupt rate as shown in Table 7-2. 
Once the rate is selected, use the PIE bit 
(Register B, bit 6) to enable the interrupt. Func
tionally, these pins are decoded to select which 
spot on the divider chain should be tapped in 
order to generate interrupts. 

REGISTER A BITS PERIODIC 

RS3 RS2 RS1 RSO INTERRUPT RATE 

0 0 0 0 None 

0 0 0 1 3.90625 ms 

0 0 1 0 7.8125ms 

0 0 1 1 122.07O IlS 
0 1 0 0 244.1411ls 

0 1 0 1 488.281 Ils 
0 1 1 0 976.5625 Ils 
0 1 1 1 1.953125 ms 

1 0 0 0 3.90625 ms 
1 0 0 1 7.8125ms 
1 0 1 0 15.625 ms 

1 0 1 1 31.25 ms 

1 1 0 0 125 ms 
1 1 0 1 250 ms 
1 1 1 0 500 ms 
1 1 1 1 

TABLE 7-2. RTC PERIODIC INTERRUPT RATE 
DECODER 

WD76C20lLV 

7.7.4 RTC Register B 

Address OB - Read and Write 

7 6 5 4 3 2 1 0 

SET PIE AlE UIE a OM 24/12 OSE 

Signal Default 
Name At Reset 
SET ........................ 0 
PiE ........................ 0 
AlE ........................ 0 
UIE ........................ 0 
Bit 3 ....................... 0 
OM ........................ None 
24/12 . ...................... None 
OSE ....................... None 

Bit 7 - SET, Write to registers 9-0 in progress 

SET = 0-
Normal operation. 

SET = 1 -
A Write to registers 9 through 0 can proceed 
without the possibility of an update cycle occur
ring part way through. 

Bit 6 - PIE, Period Interrupt Enable 

PIE = 0-
Normal operation. 

PIE = 1 -
The Host is interrupted whenever the Periodic 
Interrupt Flag (PIF at Register C, bit 6) is set to 
1. 

Bit 5 - AlE, Alarm Interrupt Enable 

AlE = 0-
The Host is not interrupted as a result of the AF. 

AlE = 1 -
The Host is interrupted whenever the Alarm 
Flag (AF at Register C, bit 5) is set to 1. 

Bit 4 - UIE, Update Interrupt Enable 

UIE = 0-
The Host is not interrupted as a result of the UFo 

UIE = 1 -
The Host is interrupted whenever the Update 
Flag (UF at Register C, bit 4) is set to 1. 
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Bit 3 - Reserved, should be set to zero (default 
state at reset) 

OM, Data Mode 

The DATA Mode control bit sets and indicates 
whether the time is stored in binary or BCD for
mat. 

OM =0-
Binary coded decimal data. 

OM = 1 -
Binary data. 

Bit 1 - 24/12, 24- or 12-hour format 

24/12 = 0-
The time is set to a 12chour AM, PM format. 

24/12 = 1 -
The time is set to a 24-hour format. 

Bit 0 - DSE, Daylight Savings Enable 

The Daylight Savings Enable bit allows the RTC 
to perform adjustments required to maintain 
daylight savings: on the first Sunday in April, the 
time increments from 1 :59:59 AM to 3:00:00 AM, 
and on the last Sunday in October at 1 :59:59 AM, 
it changes to 1 :00:00 AM 

DSE = 0-
Daylight savings time is not enabled. 

DSE = 1 -
Daylight savings time is enabled. 

7.7.5 RTC Register C 

Address OC - Read only 

7 6 5 4 

IRQF PIF AIF UP 

3 I 2 I 1 I 
Reserved 

Signal Default 
Name At Reset 
IROF ....................... 0 
PIF ........................ 0 
AIF ........................ 0 
UF ......................... 0 
Bits3-0 ..................... 0 

0 

REAL TIME CLOCK 

Bit 7 - I ROF, Interrupt Request Flag 

IROF = 0-
The RTC is not issuing a Host service interrupt 
request. 

SET = 1 -
The RTC is issuing a Host service interrupt 
request. The Boolean equation for the flag is: 

IRQ = PF PIE + AF AlE + UF WE 

Bit 6 - PIF, Period Interrupt Flag 

The PIF bit is independent of the PIE bit, but the 
PIE bit still controls whether or not an RTCIRO 
pulse is generated. 

PIF = 0-
The divider tap determined by the decoded RSX 
lines did not change state. 

PIF = 1 -
The divider tap determined by the decoded RSX 
lines changed state. The bit is cleared by read
ing Register C or resetting the WD76C20. 

Bit 5 - AIF, Alarm Interrupt Flag 

AIF = 0-
An alarm condition has not occurred. 

AIF = 1 -
An alarm condition has occurred, either be
cause of a timing match or "don't care" condi
tions. AIF is cleared by reading Register C or 
resetting the WD76C20. 

Bit 4 - UF, Update Ended Interrupt Flag 

UIE = 0-
UF is reset during each update cycle. 

UIE = 1 -
UF is set after each update cycle. 

Bit 3-0 - Reserved, 0 default at reset 

5-36 ADVANCED INFORMATION 11121191 



REAL TIME CLOCK 

7.7.6 RTe Register D 

Address 00 - Read only 

7 6 5 4 

IRQF PIF AIF UP 

3 I 2 I 1 I 
Reserved 

103 102 101 

Signal Default 
Name At Reset 
VRT ....................... None 
Bits6-4 ..................... 0 
103-0 ...................... None 

Bit 7 - VRT, Valid RAM and Time 

0 

100 

The RTC uses Valid RAM and Time to indicate 
the possibility of corruption in the SRAM memory 
locations. 

WD76C20lLV 

VRT = 0-
The time and calendar are not valid. An inter
rupt in the power occurred during which neither 
VBAT or VOO provided sufficient voltage. 

VRT = 1 -
The time and calendar are valid. An interrupt in 
power either did not occur, or VBAT or VOO 
provided sufficient voltage. 

Bits 6-4 - Not used, state is ignored 

Bit 3-0 -1D3-0, Revision 10 Code 

103, 102, 101, and 100 are used to indicate the 
device 10 code. This code identifies the chip 
during board-level testing. 
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8.0 POWER MANAGEMENT: SUSPEND/RESUME LOGIC 
Suspend/Resume Logic is used in conjunction with 
the RTC time base to provide a 14.318 MHz clock 
output to the WD76C10. This can switch to a 
32.768 KHz clock during the Suspend mode. While 
in Suspend mode, the WD76C20 typically draws 
less than 2 mAo 

The Suspend/Resume Logic also provides the ex
ternal DRAM refresh signal, PDREF, that pulses 
active low once every 15.26 I-1S. This logic also 
supports a latched signal that causes CSSERA, 
CSSERB and CSPARO to remain low during 
Suspend mode, signaling the WD76C30 to disable 
the 48 MHz crystal. 

Like several other functions discussed in this 
databook, the Suspend/Resume function is sup
ported by the entire chip set, especially the 
WD76C20 and WD76C30. In the discussion that 
follows, much of the material can also apply to other 
members of the chip set. To see the interconnec
tion of chips during this (:rocess, refer to Figure 8-x. 

8.1 OVERVIEW 

The WD7600's power management saves power 
whenever possible without degrading the system's 
performance. Whenever the system perceives it
self as not doing anything "useful," it powers down. 
This both slows the clock speed and cuts down on 
power consumption. The full power-down se
quence is called system Suspend. The power-up 
sequence from system Suspend is called Resume. 

8.1.1 Suspending the System 
Suspend is initiated by a change in the state of 
certain Power Management Control (PMC) 
input(s). This change can either be programmed to 
generate a NMI or a Local Attention. If a PMC input 
is programmed to cause a Local Attention, the Local 
Attention signal has to be tied to an I RO level. Once 
tied to interrupts, it can be determined when a 
system is performing an "idle" task. When it is 
known that the system is performing such a task, 
the processor can be safely powered down. The 
processor is then awakened on the next unmasked 
DRO, IRO, or NMI. 

Once the processor is halted, it is awakened by an 
IRO, which means that it will come out of power 
down on every IROO once every 551-1s. 

Several conditions are used by the processor to 
confirm an "idle" state. These are: 

• Low battery condition 

• External switch tied to a PMC interrupt enable 
that generates an I RO 

• Software-initiated suspend corresponding to a 
hardware interrupt (for example, an I NT77H for 
IRQ15H) 

• Watchdog timer generates a PMC interrupt to 
the WD76C10 (which in turn generates an 
IRQ) whenever it recognizes it is not being 
used. 

Any of the preceding reasons are valid for ascer
taining that the system is idle. The following is a 
general description of the Suspend sequence: 

1. Any change in PMC input signals the 
WD76C 10 to generate a Local Attention which 
is tied to an IRQ leading to the processor. 

The processor vectors to the power-down 
routine and the processor saves its internal 
states and the states of all peripherals attached 
to it that are to power down. 

The processor saves the states into a protected 
area of the system DRAM (similar to the 
shadowed BIOS). If the entire AT bus is to be 
powered down, the processor writes to the BUS 
POWER DOWN ENABLE bit in the WD76C10. 

2. The power down routine (in a loadable driver) 
writes to the full-power-down bit in the 
WD76C10 which enables the power-down se
quence. The WD76C10 switches to sampling 
of the PMC inputs with the 14.318 MHz clock 
instead of the AT BUS clock. 

3. The processor then writes to an I/O register in 
the WD76C10 that switches a PMC output 
connected to the PWRDN input pin of the 
WD90C20. On assertion of the PWRDN sig
nal, the VGA controller enters the Power Down 
mode which refreshes the video DRAM via the 
AT BUS REFRESH signal. This is done so that 
the PIXCLK clock generator can later be 
powered down and the VGA controller can 
continue refresh. CAS before RAS refresh is 
the preferred way of refreshing the DRAMs 
because it allows lower power operation 
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without the generation of a DRAM refresh ad
dress. 

4. The processor then writes to the KILL 48 MHz 
register which sends a CSL address code of 
15H to the WD7600 encoded Chip Select Bus 
(ENCSBUS). The WD76C20 decodes the 15H 
(qualified by an lOW) and disables its 16 MHz 
oscillator, errorlessly switches the 14.318 MHz 
oscillator signal to a 32 KHz, 50% duty cycle 
signal, then disables the 14.318 MHz oscillator. 
The WD76C20 also asserts the CSSERA, 
CSSERB, and CSPAR signals simultaneously 
which signals the WD76C30 to disable its 48 
MHz oscillator. When this oscillator is disabled, 
the AT BUS CLOCK, KEYBOARD CLOCK, and 
80287 CLOCK are disabled. The processor 
executes a halt instruction and the WD76C1 0 
detects the halt status from the processor and 
switches from the AT compatible refresh to the 
PDREF controlled refresh. The WD76C10 
then switches the AT bus compatible 
REFRESH output signal to mimic the PDREF 
input signal. 

The PDREF input is a CMOS level clock signal 
that has a 124 ~s period and a low going pulse 
of 200 ns to 1 ~s. This signal is always active 
and should be adequate for refreshing low 
power DRAMs. This signal is generated by the 
WD76C20. 

5. On detecting that the 14.318 MHz clock has 
been changed to 32 KHz, the WD76C10 tri
states all outputs except the PMC controls, 
DRAM controls, RAD bus, and AT bus 
REFRESH signal. The CPU RES signal is as
serted and then tri-stated and is pulled high 
through a 200K pull-up resistor. All inputs ex
cept RSTIN, CLK14, and the PMC are ignored, 
and all circuitry except the PMC and refresh 
logic is stopped. 

The power is now turned off to the CPU, PIXCLK, 
BUS, etc. by the assertion of a PMC output from the 
WD76C10. 

Figure 8-1 illustrates the interconnected concepts 
of Suspend, Resume, and Sleep Mode cycles. 

WD76C20lLV 

8.1.2 Resuming the System 

Resume is initiated by changes to PMC input(s} 
similar to the Suspend mode. 

1. The WD76C1 0 samples the PMC inputs at 32 
KHz. When it detects a change of any enabled 
PMC inputs, PMC outputs switch and power up 
the processor, bus, and so on. After 1 ms 
(timed by the 32 KHz clock input), the 
WD76C10 samples the processor-power-good 
PMC input. When this is active, the CPU RES 
is driven high and the rest of the WD76C10 
control outputs are driven to their correct 
states. If the BUS POWER DOWN bit is 
enabled, a BUS RESET is issued also. 

2. Once the chip detects the power-good signal, 
the WD76C1 0 performs a write to the ENABLE 
48 HMz register which sends a CSL address 
code of 16H on the ENCSBUS. 

3. The WD76C20 receives the 16H address code, 
enables the 16 MHz and 14.318 MHz oscil
lators, and deasserts the CSSERA, CSSERB, 
and CSPAR signals. After approximately 20 
ms (stabilizing time for the oscillators), the 
WD76C20 switches the OSC 32 KHz signal to 
14.318 MHz. 

4. The WD76C30 enables its 48 MHz oscillator on 
the deassertion of its CSSERA, CSSERB, and 
CSPAR input signals. 

5. When the WD76C10 detects that the 32 KHz 
has been switched to 14.318 MHz, it switches 
the PMC sampling to the AT BUS CLOCK. The 
WD76C1 0 then switches from PDREF- control
led refresh to the AT-compatible refresh. The 
WD76C10 also switches the AT bus REFRESH 
sign from PDREF input to AT-compatible 
refresh rate. The WD76C10 deasserts the 
CPURESET signal and the processor comes 
out of reset and checks the shutdown status in 
the RTC RAM on the WD76C20. This tells the 
processor that it is coming out of full power
down mode as opposed to a warm or cold boot. 
The processor then restores the states of the 
machine. 

6. The processor writes to the WD76C 1 0 register 
that causes the WD76C1 0 to deassert its PMC 
output. This output is connected to the 
PWRDN input of the WD90C20 signaling the 
WD90C20 to come out of the power down 
mode. 

Figure 8-2 illustrates how the WD7600 chip set 
shares the Suspend/Resume/Sleep Mode duties. 
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FIGURE 8-1. SUSPEND/RESUME/SLEEP MODE CYCLE 
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FIGURE 8-2. FULL POWER-DOWN MODE SYSTEM BLOCK DIAGRAM 
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8.2 PDREF 
The PDREF is an external DRAM refresh line used 
to support the WD76C10 when it goes into 
Suspend/Resume mode. During Suspend/Resume 
mode, this pad provides a 1.0 Ils pulse once every 
15.261ls (during a 50% duty cycle). This pulse is 
used to maintain the DRAM integrity with as little 
power as possible. 

MX14 

I 
CJ 

MX14 T 
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8.3 14 MHZ CRYSTAL SPECIFICATIONS 
The 14.318 MHz crystal oscillator associated with 
the Suspend/Resume Logic is shown in Figure 8-3. 
This timing is maintained through the MX14 and 
MX14 pins. MX14 is the input pin for the 14.318 
oscillator and MX14 is the output pin for the oscil
lator. 

1 
I 

~ 
Cl 

~ 

FIGURE 8-3. 14 MHZ CLOCK GENERATION 
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8.4 PIN STATES DURING POWER DOWN 

Table 8-1 shows what happens to the pins during 
power-down. 

PIN SIGNAL INPUT! PO OPT1 
NO. NAME OUTPUT IN OUT 

1 IDEDENH OUTPUT 0 
2 VSS VSS 

-3 FX1 OUTPUT Z 

4 FX1 INPUT IH 
5 VDD VDD 
6 FCLK2 INPUT IH 

--
7 ROD SCHINPUT IH 
8 DMA BIDIRECT IH Z*** 

(input unused) 
9 FIRQ BIDIRECT IH Z*** 

--10 DCHG SCH W/PULLUP IH 
11 PCVAL SCHINPUT IH 
12 DRV BIDIRECT SCH IH Z 

(W/PULLUP) 
-13 HS OUTPUT Z 

14 WE OUTPUT Z 
-15 WD OUTPUT Z 

16 VSS VSS 
--

17 DIRC OUTPUT Z 
--

18 STEP OUTPUT Z 
-19 DSO OUTPUT Z 
-20 DS1 OUTPUT Z 
-21 DS2 OUTPUT Z 
-

22 DS3 OUTPUT Z 
-23 MOO OUTPUT Z 
--24 M01 OUTPUT Z 

25 VSS VSS 
--

26 M02 OUTPUT Z 

27 M03 OUTPUT Z 
-28 HDL OUTPUT Z 
--29 RWC OUTPUT Z 

30 PWRDN OUTPUT OH 
-31 WP INPUT IH 

PO OPT2 
IN OUT 

0 

Z 

IH 

IH 
IH 
IH Z*** 

IH Z*** 

IH 
IH 
IH Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

OH 
IH 

TABLE 8-1. PIN STATES DURING POWER-DOWN 
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SUSPEND MODE 
IN OUT 

Z 

Z 

IH 

IH 
IH 
IH Z 

IH Z 

IH 
IH 
IH Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

OH 
IH 

5-43 



WD76C20lLV POWER MANAGEMENT: SUSPEND/RESUME LOGIC 

PIN SIGNAL INPUTI PD OPT1 PD OPT2 SUSPEND MODE 
NO. NAME OUTPUT IN OUT IN OUT IN OUT 

32 TROO INPUT IH IH IH 

33 IDX INPUT IH IH IH 

34 VSS VSS 

35 *DBO BIDIRECT I 0 I 0 IH Z 

36 *DB1 BIDIRECT I 0 I 0 IH Z 

37 *DB2 BIDIRECT I 0 I 0 IH Z 

38 *DB3 BIDIRECT I 0 I 0 IH Z 

39 *DB4 BIDIRECT I 0 I 0 IH Z 

\, 
40 *DB5 BIDIRECT I 0 I 0 IH Z 

41 *DB6 BIDIRECT I 0 I 0 IH Z 

42 *DB7 BIDIRECT I 0 I 0 IH Z 

43 IDED7 BIDIRECT I 0 I 0 IH Z 

44 VDD VDD 

45 AO INPUT I I IH 

46 VSS VSS 

47 DACK INPUT I IH 

48 lOR INPUT I IH 

49 lOW INPUT I IH 

50 CSEN INPUT I I 

51 DACKEN INPUT I I 

52 DPH INPUT I I 

53 DPL INPUT I I 

54 RA10 INPUT I I 

55 RA9 INPUT I I 

56 RA8 INPUT I I 

57 RESET INPUT I I 

58 RCLR INPUT I IH 

59 BALE INPUT I IH 

(W/PULLUP) 

60 RTCX OUTPUT 0 0 0 

61 RTCX INPUT I I I 

62 VBAT VDD 

63 MX14 INPUT I I IH 
--

64 MX14 OUTPUT 0 0 Z 

65 VSS VSS 

TABLE B-1. PIN STATES DURING POWER-DOWN (CONTINUED) 
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POWER MANAGEMENT: SUSPEND/RESUME LOGIC WD76C20lLV 

PIN SIGNAL INPUTI PD OPT1 PD OPT2 SUSPEND MODE 
NO. NAME OUTPUT IN OUT IN OUT IN OUT 

66 PDREF OUTPUT 0 0 0 
67 VDD VDD 
68 OSC OUTPUT 0 0 0 

69 RTCIRQ OUTPUT 0 0 0 
70 TC OUTPUT 0 0 0 
71 PRDY INPUT I I IH 

-72 EMS OUTPUT 0 0 Z 

73 PROGCS OUTPUT 0 0 Z 

74 PCUW1 OUTPUT 0 0 0 

75 PCUWO OUTPUT 0 0 0 
76 NPCS OUTPUT 0 0 Z 

77 CS8042 OUTPUT 0 0 Z 

78 ROMOE OUTPUT 0 0 Z 

79 CSPARO OUTPUT 0 0 0 
80 CSSERB OUTPUT 0 0 0 

81 CSSERA OUTPUT 0 0 0 

82 CSIDE1 OUTPUT 0 0 Z 

83 CSIDEO OUTPUT 0 0 Z 

84 IDEDENL OUTPUT 0 0 z 

TABLE 8-1. PIN STATES DURING POWER-DOWN (CONTINUED) 
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WD76C20lLV SPECIFICA TlONS 

9.0 SPECIFICATIONS 
9.1 MAXIMUM RATINGS 9.1 DC OPERATING CHARACTERISTICS 

Absolute Maximum Ratings - All voltages 
referenced to VSS 

TA=OoC (32°F) to 70°C (158°F) 
VCC= 5V±5% 

VCC ....................... 7.0 Vol 
Voltage at any pin ......... + 0.3 Volts 
Storage Temperature ...... -55°C to +70oC 

CL =100 pf; Can =10 pf; Cinclk = 20 pf 
VIUVOL referenced to 0.8V 
VIHIVOH referenced to 2.0V 

SYMBOL 

VCC 
VBAT 
VIL 
VIH 
VILT 
VIHT 
VHYS 
VOLAT 
VOHAT 
VOLHC 
VOL 
VOH 
ILUL 
ILUH 
ILL 
ILH 
ICC 
ICC 
ICCPDM1 
ICCPDM2 
ICCPDM3 
ICCBAT 
PO 
PDHL 

CY specifies FX1 period 
MCY specifies .MCLK period, dependent on 
selected data rate 
WCY specifies MCLK period, dependent on 
selected data rate 

CHARACTERISTIC MIN MAX UNITS 

+5V Supply 4.75 5.25 V 
Battery Backup Voltage 2.6 VDD V 
Input Low Voltage - Data Bus & XTOCS 0.8 V 
Input High Voltage - Data Bus & XTOCS 2.0 V 
Input Low Threshold - Schmitt Trigger 0.8 V 
Input High Threshold - Schmitt Trigger 1.7 2.0 V 
Schmitt Trigger Hysteresis 0.5 VtypicaJ 
Output Low - DBus, FIRQ, DMA; 10=12.0 mA 0.4 V 
Output High - DBus, FIRQ, DMA; 10= -5.0 mA 2.8 V 
Output Low - Drive Interface 10=48 mA 0.4 V 
Output Low - All Others; 10=4.0 mA 0.4 V 
Output High - All Others; 10=400 uA 2.8 V 
Latch Up Current Low 40 mA 
Latch Up Current High -40 mA 
Leakage Current Low 10 uA 
Leakage Current High -10 uA 
Supply Current - 100 uA source loads 70 mA 
Supply Current - 5 mA source loads 140 mA 
Supply current in power down model (Option 1) 200 UAtypical 
Supply current in power down model (Option 2) 2 mAtypical 
Supply current in chip set power down mode 2 mA 
Supply current in battery backup model 50 uA 
Power Dissipation - ICC max3 700 mW 
Power Dissipation - ICCHL max2 3 850 mW 

TABLE 9·1. DC CHARACTERISTICS 

1 Vin = vee or GND, 10=0 rnA 
2 Includes DBx; 10=-5.0 rnA source loads 
3 Includes open drain high current drivers at Vol=0.4V 
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SPECIFICA TlONS WD76C20lLV 

9.3 CRYSTAL CAPACITANCE 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

RTCCRYSTAL 
R1 Crystal Motional Resistance 40 KOhm 

CO Crystal Shunt Capacitance 1.7 pF 

C1 Crystal Motional Capacitance 0.0035 pF 

Q Crystal Quality Factor 50 K 

Clin Crystal Circuit Input Capacitance 15 ±5% pF 

Cout Crystal Circuit Output Capacitance 15 ±5% pF 

RA Crystal Circuit Drive Level Resistor 422 ± 1% KOhm 

Rt Crystal Circuit Feedback Resistor 15 22 MOhm 

16 MHZ CRYSTAL 

Rseries Crystal Circuit Resistors 30 Ohm 

Cshunt Crystal Output 10 pF 

C1 Crystal Input Capacitance 47 ±5% pF 

C2 Crystal Output Capacitance 15 ±5% pF 

14 MHZ CRYSTAL 

Rseries Crystal Circuit Resistors 30 Ohm 

Cshunt Crystal Output 10 ±5% pF 

C1 Crystal Input Capacitance 22 ±5% pF 

C2 Crystal Output Capacitance 22 pF 

TABLE 9·2. CRYSTAL CAPACITANCE 
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WD76C20lLV AC OPERA TlNG CHARACTERISTICS 

10.0 AC OPERATING CHARACTERISTICS 
The AC Operating Characteristics are divided into 
four main categories: 

• Floppy Disk Controller Specification 

• Real Time Clock Specifications 

• IDE Interface Timing 

• Suspend/Resume Support Timing 

• Chip Select Logic Decode Timing 
Each table provides timing specifications which are 
followed by a figure displaying a timing diagram. 

10.1 FLOPPY DISK CONTROLLER 
SPECIFICATIONS 

SYMBOL CHARACTERISTIC 

tCSS CSL Input Address 1 Set Up to lOR Low 
pwRR lOR Pulse Width 
tCSH CSL Input Address 1 Hold Time from lOR High 

-
tRD Data Access Time from lOR Low 
tDF DB to Float Delay from lOR High 
tRI FIRQ Reset Delay Time from lOR High 

MIN 

35 
180 
10 

10 

TABLE 10·1. FDC READ TIMING SPECIFICATION 

MAX UNITS 

ns 
ns 
ns 

175 ns 
80 ns 
1MCY 
+ 150 ns 

CSL INPUT INVALlDX VALID X~I_NVA_LlD ___________ _ 

~ : ... \t""1 . II L less -----.t~I· __ pwRR ~- IRHAH-1 

-----------,~ . yr-----
F IRD-1 ~UlF~ 

---------------~~ 

BALE 

lOR 

DB(X) INVALID VAll DATA INVALID 

FIRQ 
~IRI-+I 

----------------~"I 

FIGURE 10·1. FDC READ TIMING DIAGRAM 
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AC OPERATING CHARACTERISTICS WD76C20lLV 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tCSSA CSL Input Address 1 Set Up to BALE Low 10 ns 

tCSSH CSL Input Address 1 Hold Time from BALE Low 5 ns 

tCSS CSL Input Address 1 Set Up to lOR Low 35 ns 

pwRR lOR Pulse Width 180 ns 

tRHAH lOR High to BALE High 10 ns 
-

tRD Data Access Time from lOR Low 175 ns 

tDF DB(x) to Float Delay from lOR High 10 80 ns 

tRI FIRQ Reset Delay Time from lOR High 1 MCY 
+150 ns 

TABLE 10-2. FDC READ W/BALE TIMING SPECIFICATION 

CSL INPUT INVALIDX VALID X'-_INV_AL_ID _____________ _ 

~ :~\I,---tCS_tScHss1 ~~~/I 
L 'I~ ~AR ---+- """--1 

------~----~~ y~---

_______________ ..:...I----...tRD -I _tDF~ 

BALE 

lOR 

DB(X) INVALID VALID DATA INVALID 

FIRQ 
"'-tRI-+! 

------------------------~~ 

'-------

FIGURE 10-2. FDC READ W/BALE TIMING DIAGRAM 
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WD76C20lLV AC OPERATING CHARACTERISTICS 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tCSS CSL Input Address 1 Set Up to lOW Low 35 ns 

pwWW lOW Pulse Width 180 ns 

tCSH CSL Input Address 1 Hold Time from lOW High 10 ns 

tOW Data Set Up Time to lOW High 100 ns 

tWO Data Hold Time from lOW High 10 ns 

tWI FIRQ Reset Delay from lOW High 1MCY + 
150 ns 

TABLE 10-3. FDC WRITE TIMING SPECIFICATION 

CSL INPUT 1 )< VALID CSL ADDRESS >< AD, DACK 

.-- tCSS ---+ r+-- tCSH-

- 4 pwWW ----+ 
lOW \ V 

/ 
~tDW -+ ~ tWD-4 

DB(X) X VALID DATA [>( 
tWI 

FIRQ "'-
" 

FIGURE 10-3. FDC WRITE TIMING DIAGRAM 
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AC OPERATING CHARACTERISTICS WD76C20lLV 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tCSSA CSL Input Address 1 Set Up to BALE Low 10 ns 

tCSSH CSL Input Address 1 Hold Time from BALE Low 5 ns 

tCSS CSL Input Address 1 Set Up to 10 Low 35 ns 

pwWW lOW Pulse Width 180 ns 

tWHAH lOW High to BALE High 10 ns 

tOW Data Set Up Time to lOW High 100 ns 

tWO Data Hold Time from lOW High 10 ns 

tWI FIRQ Reset Delay from lOW High 1 MCY 
+150 ns 

TABLE 10-4. FOC WRITE W/BALE TIMING SPECIFICATION 

CSL INPUT __ INV_AlI~D X VAliD X __ INV_AlI_D _____________ _ 

tCSSA -1~ tCSSH 1 
~~------'\I / 

BALE 

________ 1 ______ ~tDW-.~tWDj 
DB(X) INVALID VALID DATA INVALID 

FIRQ --------------~~ 
'-------

FIGURE 10-4. FOC WRITE W/BALE TIMING DIAGRAM 
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SYMBOL CHARACTERISTIC MIN MAX UNITS 

tMCY DMA Cycle Time 52 MCY 

tMA DACK Delay Time from DMA High 0 ns 

tAM DMA Reset Delay Time from DACK Low 140 ns 

tAA DACKWidth 125 ns 
-- -

tMRW lOR or lOW Response from DMA High 48 MCY 

tMtMR lOR Delay from DMA 0 ns 

tMW lOW Delay from DMA 0 ns 

tRD Data Access Time from lOR Low 120 ns 

tDW Data Set Up Time to lOW High 100 ns 

tDF DB to Float Delay from lOR High 10 80 ns 

tWD Data Hold Time from lOW High 10 ns 

TABLE 10-5. FDC DMA TIMING SPECIFICATION 

4 tMCY • 
DMA --./ 

_tMA-+ -tAM-
• tAA /1 I' 

DACK 

4 tMRW • 
\ lOR or lOW 

-tMR- _tDF_ 
-tMW--+ +-tRD-r4-tDW- -tWD_ 

VALID DATA >< DB(X) 

FIGURE 10-5. FDC DMA TIMING DIAGRAM 
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SYMBOL CHARACTERISTIC MIN MAX UNITS 

tTCR DACKEN, CSEN Delay from Last DMA or FIRO, lOR 0 192 MCY -- -
tTCW DACKEN, CSEN Delay from Last DMA or FIRO, lOW 0 384 MCY 

tTC DACKEN High, CSEN Low Pulse Width 60 ns 

tTCA DACKEN High, CSEN Low to TC Asserted 0 30 ns 

tTCD DACKEN Low, CSEN High to TC De-Asserted 0 30 ns 

TABLE 10-6. FDC TERMINAL COUNT TIMING SPECIFICATION 

1 +- tTCR ---. DMA or 
FIRO ~ tTCW -. 

"\ 

DACKEN / '" ~ tTC ~ --
CSEN \ V 

.- tTC -.. +- tTCD ---. 
V 

\ TC 

FIGURE 10-6. FDC TERMINAL COUNT TIMING DIAGRAM 
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SYMBOL CHARACTERISTIC MIN MAX UNITS 

tCY Clock Period 60 ns 

tR Clock Rise Time 5 ns 

tF Clock Fall Time 5 ns 

tPH Clock Active (High or Low) 25 ns 

TABLE 10-7. FDC 16 MHZ CLOCK TIMING SPECIFICATION 

• ICY ~ 
F CLKl 

1/ 
1\ / 

tR~ .- ~ ~tF~ ~tPH~ +-tPH~ 

FIGURE 10-7. FDC 16 MHZ CLOCK TIMING DIAGRAM 
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SYMBOL CHARACTERISTIC MIN MAX UNITS 

10ST DIRC Set Up to STEP Low 4 MCY 

tSTP STEP Active Time Low 24 MCY 

tSTD DIRC Hold Time from STEP High 96 MCY 

tSC STEP Cycle Time 132 MCY 

tSTU DS(x) Hold lime from STEP Low 20 MCY 

tlDX lOX Index Pulse Width 1 MCY 

tROD ROD Active Time Low 40 ns 

tWO 0 WD Write Data Width Low 1/2 WCY 

TABLE 10-8. FDC DISK DRIVE TIMING SPECIFICATION 

'\ ./ 

..-tDST4 .-tSTP----+ ~tSTD+ 

} V 
~ tSC 
'" 

STEP 

DS(X) .-tSTU 

-----{..--tIDX---+ } 

FIGURE 10-8. FDC DISK DRIVE TIMING DIAGRAM 
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10.2 REAL TIME CLOCK SPECIFICATIONS 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tASD Data ~IOW or lOR High to Address 
Cycle lOW Low (not shown) 100 ns 

tASED Address...QyclELlQ.W High to Data 
Cycle lOW or lOR Low (not shown) 100 ns 

tCSS CSL Input Address 1 Set Up to lOR Low 35 ns 

pwRS lOR Pulse Width 180 ns 

tCSH CSL Input Address 1 Hold Time from lOR High 10 ns --
tDDR Data Access Time from lOR Low 175 ns 

tDHR DB to Float Delay from lOR High 10 80 ns 

TABLE 10-9. RTC AND RAM READ TIMING SPECIFICATION 

CSL INPUT 
1 X VALID CSL ADDRESS K 

..- tess ----. ..-- teSH--' 
..... pwRS~ 

\ / lOR 

... tDDR-+ .- tDHR--.. 

DB(X) )< VALID DATA >< 

FIGURE 10-9. RTC AND RAM READ TIMING DIAGRAM 
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AC OPERATING CHARACTERISTICS WD76C20lLV 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tASD Data ~ lOW or lOR High to Address 
Cycle lOW Low (not shown) 100 ns 

tASED Addre~cle.JQW High to Data 
Cycle lOW or lOR Low (not shown) 100 ns 

tCSSA CSL Input Address 1 Set Up to BALE Low 10 ns 

tcSSH CSL Input Address 1 Hold Time from BALE Low 5 ns 

tCSS CSL Input Address 1 Set Up to lOW Low 35 ns 

pwWW lOW Pulse Width 180 ns 

tWHAH lOW High to BALE High 10 ns 
-

tDSW Address or Data Setup Time to lOW High 100 ns 

tDHW Address or Data Hold Time from lOW High 10 ns 

TABLE 10-10. RTC AND RAM WRITE W/BALE TIMING SPECIFICATION 

CSL INPUT VALID INVALID 

DB(X) 

BALE 

r--_t--tC_S-,.SAt tCSSH 

___ tCSS~-=J+l+--pwRS-r_~H~_ 
~tD!lR~ f.-tDHR ~ 

----------------------------~~ 
INVALID X VALID DATA X INVALID ______________________________ -J 

FIGURE 10-10. RTC AND RAM READ W/BALE TIMING DIAGRAM 
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SYMBOL CHARACTERISTIC MIN MAX UNITS 

tASD Data ~ lOW or lOR High to Address 
Cycle lOW Low (not shown) 100 ns 

tASED Address....CyclEUOW High to Data 
Cycle lOW or lOR Low (not shown) 100 ns 

tCSS CSL Input Address 1 Set Up to lOW Low 30 ns 
pwWW lOW Pulse Width 180 ns 
tCSH CSL Input Address 1 Hold Time from lOW High 10 ns 
tDSW Address or Data Set Up lime to lOW High 100 ns 
tDHW Address or Data Hold Time from lOW High 10 ns 

TABLE 10-11. RTC AND RAM WRITE TIMING SPECIFICATION 

VAUD CSL ADDRESS 

+-- tCSH --+ 

lOW +-- prNNI ---+ r------------

DB(X) 

FIGURE 10-11. RTC AND RAM WRITE TIMING DIAGRAM 
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SYMBOL CHARACTERISTIC MIN MAX UNITS 

tASD Data <4cte..IOW or lOR High to Address 
Cycle lOW Low (not shown) 100 ns 

--
tASED Addres.sJ4c1e..J.Q.W High to Data 

Cycle lOW or lOR Low (not shown) 100 ns 

tCSSA CSL Input Address 1 Set Up to BALE Low 10 ns 

tcSSH CSL Input Address 1 Hold Time from BALE Low 5 ns 

tCSS CSL Input Address 1 Set Up to 10 Low 30 ns 

pwRS lOR Pulse Width 180 ns 

tRHAH lOR High to BALE High 10 ns 
-

tDDR Data Access Time from lOR Low 175 ns 

tDHR DB(x) to Float Delay from lOR High 10 80 ns 

TABLE 10-12. RTC AND RAM READ W/BALE TIMING SPECIFICATION 

CSL INPUT INVALID VALID INVALID 

lOW 

,--_-+-_C_SS---.A tlCSSH 

_1~-----=--tC_SS ----=--~;t pwWW il-----WHAH~_ 
... tDS~+tDHW-I 

BALE 

INVALID X VALID DATA X INVALID 
-----------------~ 

DB(X) 

FIGURE 10-12. RTC AND RAM WRITE W/BALE TIMING DIAGRAM 
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WD76C20lLV 

SYMBOL 

tRLlQ 
tRLlH 

lOR 

RESET 

RTCIRO 

5-60 

AC OPERA TlNG CHARACTERISTICS 

CHARACTERISTIC MIN MAX UNITS 

RTCIRQ Release from lOR (Qualified by RECS) 2 JlS 
RTCIRQ Release from RESET 2 JlS 

TABLE 10-13. RTC IRQ RELEASE TIMING SPECIFICATION 

"'\~ 
~-------------------+-------------

,'--------
+-- tRLlO -'r ~ .- tRLlH 

FIGURE 10·13. RTC IRQ RELEASE TIMING DIAGRAM 
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SYMBOL CHARACTERISTIC MIN MAX UNITS 

tPRST Power on Reset Width 200 ns 
tRST Reset Width 5 ).lS 
tCA Chip Access Delay from RESET High 32 MCY 

TABLE 10-14. RESET TIMING SPECIFICATION 

RESEr 

"'i:=... ==--tRST, !PAST--=--------.Y- teA ---+ 

CSI. INPIIT 1 VALID ADDRESS 

RGURE 10-14. RESET TIMING DIAGRAM 
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10.3 IDE INTERFACE TIMING 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tCSA CSL Input Valid to CSL Output Asserted 35 ns 
tCSD CSL Input Invalid to CSL Output De-Asserted 35 ns 
t07D Propagation Delay from IDED7 to DB7 20 ns 
t07HR DB7 to Float Delay from lOR High 10 80 ns 

TABLE 10-15. IDE INTERFACE TIMING (IDED7 TO DB7) 

CSL 
INPUTS2 X CODE OBH, OCH or ODH X - tCSD 

IDEDEUH & IDECSO/1 
-1- ~ 

5-62 

lOR 

IDEO? INVALID 
\/ 
/\ 

/ 

VALID 

DB? ________ -« ~ t~t ID7HR F---
FIGURE 10-15. IDE INTERFACE TIMING DIAGRAM (IDED7 TO 'lB7) 
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SYMBOL CHARACTERISTIC MIN MAX 

tCSSA CSL Input Address 1 Set Up to BALE Low 10 
tCSSH CSL Input Address 1 Hold Time from BALE Low 5 
tCSS CSL Input Address 1 Set Up to 10 Low 30 
tRHAH lOR High to BALE High 10 
tD?D Propagation Delay from IDEO? to DB? 20 
tD?HR DB? to Float Delay from lOR High 10 80 

TABLE 10-16. IDE INTERFACE W/BALE TIMING (IDEO? TO DB7) 

CSL , 
INPUTS 

BALE 

IDEDELJH & IDECSO/1 

lOR 

IDED7 

DB7 

INVALID CODE X CODE OBH, OCH or ODH X 
-ICSSA-I-ICSSH -I 

ICSS I 
X 

ICSS 

I 

INVALID 

INVALID CODE 

-IRHAH-

\/ 
/\ 

- 1070 --
\V 

\. /1\ 

FIGURE 10-16. IDE INTERFACE W/BALE TIMING (IDED7 to DB7) 
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UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

VALID 

ID7HR -
).-
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SYMBOL CHARACTERISTIC MIN MAX UNITS 

tCSA CSL Input Valid to CSL Output Asserted 35 ns 
tCSD CSL Input Invalid to CSL Output De-Asserted 35 ns 
tlDDR IDED7 Enable time from lOW low 60 ns 
tlDD Propagation Delay from DB7 to IDED7 60 ns 
tlDHR IDED7 to Float Delay to lOW high 20 160 ns 

TABLE 10-17. IDE INTERFACE TIMING (DB7 TO IDED7) 

CSL 2 
INPUTS ~ OBH, OCh ODH 

IDEDEUH & IDECSO/1 

lOW \ II 

INVALID ~ V 
VALID 

~ 
DB7 

- tlDDR - tlDD - tlDHR -
IDED7 

FIGURE 10-17. IDE INTERFACE TIMING (DB7 TO IDED7) 
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SYMBOL CHARACTERISTIC MIN MAX 

tCSSA CSL Input Address 1 Set Up to BALE Low 10 
tCSSH CSL Input Address 1 Hold Time From BALE Low 5 

tCSS CSL Input Address 1 Set Up to lOW Low 30 
tWHAH lOW High to BALE High 10 --
tlDDR IDEO? Enable time from lOW Low 60 
tlDHR IDEO? to Float Delay from lOW High 20 160 

TABLE 10-18. IDE INTERFACE W/BALE TIMING (DB7 TO IDED7) 

CSL 1 
INPUTS 

BALE 

INVALID CODE X CODE OBH, OCH or ODH X INVALID CODE 

-tCSSA -1-tCSSH -I 

WD76C20lLV 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

tCSS I I-tWHAH-

X 
tCSS I 

'\ 1/ 

DB7 INVALID / K VALID 

- tlDDR - 1100 I- IIDHR -
/ \V 

>-'\ 11\ 
IDED7 

FIGURE 10-18. IDE INTERFACE W/BALE TIMING (DB7 to IDED7) 
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10.4 SUSPEND/RESUME TIMING 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tCWSS CSL Input Valid and lOW Low to OSC 

Transition to Low 30 ns 
-

tCWSR CSL Input Invalid and lOW Low to OSC 

Transition to Low 30 ns 

tOSD OSC Suspend Initiated to OSC Low Gap 60 f,.lS 
tOSL OSC LowGap 60 f,.lS 

TABLE 10-19. RESUME TO SUSPEND SUPPORT TIMING* 

*Note: Code 15 can also be latched in with BALE. 

CSL INPUTS 2 CODE i5H 

lOW 

OSC 

.. 14 MHz PERIOD 
CSSERA, 
CSSERB & 

CSPARO 

MSTRX1 ~+I ____________________________ _ 
.. WD76C30 

48 MHz PERIOD 

FIGURE 10-19. RESUME TO SUSPEND SUPPORT TIMING 
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SYMBOL CHARACTERISTIC MIN MAX UNITS 

tCRS CSL Input Valid to OSC Transition to Low 30 ns 

tCRH CSL Input Invalid to OSC Transition to Low 30 ns 

tCOR CSL Output De-Assert to Resume WD76C30' 60 91 IlS 
tOTD OSC Transition Delay (for XTAL warmup)* 500 501 ms 

• CSL Code 16 H is latched on the falling edge of OSC. 

TABLE 10-20. SUSPEND TO RESUME SUPPORT TIMING 

CSL INPUTS CODE 16H 

tCRHr-+-___ 

OSC 

14 MHz PERIOD--+ 

PDREF 

CSSERA, 

CSSERB & 

CSPARO 

r-I 
__ ;-1 -~_--' 

'-tCOR--" 

FIGURE 10-20. SUSPEND TO RESUME SUPPORT LOGIC 
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SYMBOL CHARACTERISTIC MIN MAX UNITS 

tCSA CSL Input2 Valid to CSL Asserted 35 ns 

tCSD CSL Input2 Invalid to CSL Output De-Asserted 35 ns 

tCSH CSL Input Address2 Hold Time from lOW High 10 ns 

tWLPH lOW Low to PCUWO/1 High 35 ns 

tWHPH lOW High to PCUWO/1 Low 35 ns 

TABLE 10-21. CHIP SELECT LOGIC DECODE TIMING SPECIFICATION 

CSL INPUT 2 INVALID X VALID CODE X INVALID 

_tCSA-1 ~tCSD-1 
CSL OUTPUT 3 x OUTPUT ACTIVE x 

~ tCSA =I l tCSH I--

-- ~ lr---~I-

____ --1_. tW---,~}= ~ -PHt\...---_ 
lOW 

PCUWO/1 

FIGURE 10-21. CHIP SELECT LOGIC DECODE TIMING DIAGRAM 
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SYMBOL CHARACTERISTIC MIN MAX UNITS 

tCSSA CSL Input Address2 Set Up to BALE Low 10 ns 

tCSSH CSL Inpu Addresst2 Hold Time from BALE Low 5 ns 

tCSA CSL Input Valid to Output3Asserted 35 ns 

TABLE 10-22. CSL DECODE W/BALE TIMING SPECIFICATION 

CSL INPUT 2 INVALID CODE X VALID CODE X INVALID CODE 

r-:~SSA~tCSSH-1 
BALE / \ 
CSL OUTPUT 3 

tCM~ 
?UTPUT ACTIVE 

FIGURE 10-22. CHIP SELECT LOGIC DECODE W/BALE TIMING DIAGRAM 

Notes 

1 The RTCALE and RTCCS are internal to the WD76C20 and are used by the RTC during I/O operations. The CS, 
LDCR, and LDOR are also internal to the WD76C20 and used by the FDC during I/O operations. CSL Inputs decoded 
in Table 4-1 are comprised of DPH, DPL, RA1O, RAg and RA8. All CSL Input Addresses are qualified by the CSEN 
signal. The general specification for generating the internal and external signals is presented in Tables 10-21 and 10-22. 

2 CSL Inputs are decoded in Table 4-1 and are comprised of DPH, DPL, RA 10, RAg and RA8. All CSL Input Addresses 
are qualified by the CSEN signal as shown in Figure 10-21 and 10-22. Also included in this group is DACKEN which 
must be deasserted (logic=O) in order to allow the decoder to activate any signal other than TC, which is asserted 
(logic=1) when both DACKEN and CSEN are active. 

3 CSL outputs are control lines used both internally by the WD76C20 (FDCCS, FDC L'DCR, FDC LDOR, RTC (58, and 
RTC AEN) and externally by other chips (IDEDENL, IDEDENH, CSIDEO, CSIDE1, CSSERA, CSSERB, CSPARO, 
ROMOE, 8042CS, NPCS, PCUWO, PCUW1, PROGCS, EMS and TC). For all but one case, only a single, decoded 
output is asserted at any given time and is unique as decoded in Table 4-1. Although not mentioned in Table 4-1, TC 
is asserted when both DACKEN and CSEN are active, as specified in Table 10-6. 
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11.0 PACKAGE DIMENSIONS 
Figure 11-1 shows the 84-pin PLCC package 
dimension in inches and millimeters. 

LOCATING 
CHAMFER 

1.185/1.195 
30.099130.353 

~:~~~+ 
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PIN NO.1 I.D. 

CfbPINNo.11.D. 

0.022 

t=~~~~Jf=ltO.55B 
~;;,-;~,-.. 

0.165/0.200 +0.004/·0.000 
~ SEATING PLANE 

OPTION 
-A-

OPTION C 

PACKAGE DIMENSIONS 

0.165/0,200 +.004/-.000 
~ SEATING PLANE 

OPTION 
-8-

FIGURE 11-1. WD76C20 PACKAGE DIAGRAM (84-PIN PLCC) 
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PACKAGE DIMENSIONS 

Figure 11-2 -shows the 84-pin PQFP package 
dimension in inches and millimeters . 
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FIGURE 11-2. WD76C20 PACKAGE DIAGRAM (84-PIN PQFP) 
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A.O WD76C20LV DEVICE SPECIFICATIONS 
A.1 INTRODUCTION A.2 MAXIMUM RATINGS 

This appendix lists the specifications and describes Absolute maximum ratings; all voltages referenced 
the operation of the WD76C20LV. This appendix is to Vss. 
only preliminary and may later be expanded into a 
separate document. Storage Temperature 

Vee 
Voltaoe at any pin 
Lithium Battery 

SYMBOL CHARACTERISTIC MIN 
VCC + 3 V Supply 3.0 
VBAT Battery Backup Voltaoe 2.4 
VIL Input Low Voltaoe - Data Bus and XTOCS -0.3 
VIH Input HiOh Voltaoe - Data Bus and XTOCS 2.0 
VILT Input Low Threshold - Schmitt Triooer 0.8 
VIHT Input Hioh Threshold - Schmitt Trigger 
VHYS Schmitt Trigger Hysteresis 0.5 
VOLAT Output Low - DBus, FIRQ, DMA: 10=12mA 
VOHAT Output High - DBus, FIRQ, DMA: 10=-5.0mA 2.4 
VOLHC Output Low - Drive Interface: 10=48mA 
VOL OutQut Low - All Others: 10=4mA 
VOH Output Hioh - All Others: 10=400~ 2.4 
ILUL Latch Up Current Low 40 
ILUH Latch Up Current Hioh -40 

ILL Leakaoe Current Low 
ILH Leakage Current High 

ICC Supply Current - 1 OOIlA source loads 

ICC Supply Current - 5mA source loads 
ICCPDM1 Supply Current in Power-Down Mode (Option 1) 
ICCPDM2 Supply Current in Power-Down Mode (Option 2) 

ICCPDM3 Supply Current in Chip Set Power-Down Mode 
ICCBAT Supply Current in Battery Backup Mode 
PO Power Dissipation - ICC max 1 

PDHL Power Dissipation - ICC max2, 3 

TABLE A-1. D.C. CHARACTERISTICS (WD76C20LV) 

1 VIN = VCC or GND, 10 = OmA 
2 Includes DBx: 10=-5.0 mA source loads 
3 Includes open drain high current drivers at VOL = 0.3V 

5-72 ADVANCED INFORMATION 11121191 

-65°C (-85°F)to 
150°C (302°F) 

4.5 volts 

-0.1 to 4.50 volts 
2.4 volts (nominal) 

MAX UNITS 

3.6 V 

VDD V 
0.8 V 

VCC+.3 V 

Vtypical 
2.0 Vtvoical 

Vtvoical 
0.4 V 

V 
0.4 V 
0.4 V 

V 

mA 

mA 
10 !1lA 
-10 lilA 
50 mA 

100 mA 

100 ·IlAtvoical 
1 mAtvpical 
1 mA 

25 IlA 
300 mW 

350 mW 
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TMM5711 TMM5711 

VDD 

Lithium +--'---
Battery 
2.4V 

VBAT 

FIGURE A-1. VBAT EXTERNAL SUPPORT 

A.3 TIME BASE OSCILLATOR CIRCUIT 

The oscillator that provides the time base for the 
RTC requires the external circuit shown in Figure 
A-1 and the values listed in Table A-2. The crystal 
used in parallel with the on-chip oscillator should be 
an AT-cut crystal with a 32.768 KHz resonant fre
quency as shown in Figure A-2, using signals listed 
in Table A-2. When in battery backup mode, this 
circuit is still active, providing the rest of the RTC 
with a valid time base. 

VBATT 

Rlex 

RF 

Cou! Cin 

I 
FIGURE A-2. RTC CRYSTAL EXTERNAL 

CIRCUITRY 

RA 

WD76C20lLV 

Ll Cl Rl 

I 

RTCX 

co 

FIGURE A-3. RTC CRYSTAL PARAMETERS 

A.4 POWER SWITCH 

This functional block is used to detect when the 
system power is shutting down and the RTC needs 
to go into battery backup mode. In the event of a 
full chip power-down without a battery backup, the 
VRT bit of register D will be reset to zero, indicating 
that the contents of the S RAM and RTC operational 
registers are not guaranteed. In order to reset the 
bit, register D must be read after a full power-up. 

A.5 BUS INTERFACE 

The RTC Bus Interface block is used to access the 
internal bus for the WD76C20LV. Protocol is main
tained between the BIL block (Bus Interface Logic) 
and the RTC Bus Interface. The BIL block 
generates the RD and WR strobes, and the CS 
signals are decoded from the external bus by the 
Chip Select Logic. 

A.6 CLOCK DIVIDER 

This functional block uses clock divider logic to split 
the 32.768 KHz time base down to a 1 Hz signal 
that can be used by the timekeeping blocks. It also 
provides the periodic interrupt block with access to 
all stages of the division. 
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A.7 CRYSTAL CAPACITANCE 

SYMBOL CHARACTERISTICS MIN MAX 
RTC CRYSTAL * 

R1 Crystal Motional Resistance 40 
CO Crystal Shunt Capacitance 1.7 
C1 Crystal Motional Capacitance 0.0035 
Q Crystal Quality Factor 50 

CIIN Crystal Circuit Input Capacitance 30 ±5% 
COUT Crystal Output Capacitance 30 ±5% 
RA Crystal Circuit Drive Level Resistor 330 ±1% 
RF Crystal Circuit Feedback Resistor 15 22 

16 MHZ CRYSTAL 
Rseries Crystal Circuit Resistors 30 
Cshunt Crystal Output 10 

C1 Crystal Input Capacitance 47 ±5% 
C2 Crystal Output Capacitance 15 +5% 

14MHZ CRYSTAL 
Rseries Crystal Circuit Resistors 30 
Cshunt Crystal Output 10 ±5% 

C1 Crystal Input Capacitance 22 ±5% 
C2 Crystal Output Capacitance 22 

TABLE A-2. CRYSTAL CAPACITANCE FOR WD76C20LV 

* RTC crystal components specified are valid for 
crystals with A(CL) load capacitance of18 pF typi
cal. (CL = 18 pF). 
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DESCRIPTION 

1.0 DESCRIPTION 
1.1 WD76C30/LV FEATURES 

• Two fully programmable and independent serial 
110 ports configurable as PC/AT compatible 
(WD16C452) or PS/2 compatible (WD16C552) 

o Loopback controls for communications link 
fault isolation for each ACE 

o Line break generation and detection for each 
ACE 

o Complete status reporting capabilities 

o Generation and stripping of serial asynchronous 
data control bits (start, stop, parity) 

o ProgrammabJe baud rate generator and 
MODEM control signals for each port 

o Programmable baud rate generator input clock 

o Optional 16 byte FIFO buffers on both 
transmit and receive of each port for CPU 
relief during high speed data transfer 

o Programmable FI FO threshold levels of 1 , 4, 
8, or 14 bytes on each port 

• Parallel port configurable as a fully Centronics 
or PS/2 compatible, bidirectional parallel port 

• Independently programmable parallel port 

• Interrupt multiplexing logic 

o Selectable multiplexing logic for connecting 
PC/AT interrupt request lines tothe WD76C1 0 
single chip AT controller 

• Clock generation circuitry 

o 80287 coprocessor clock generation 

o WD76C1 0 and floppy controller clock generation 

o 8042 keyboard clock generation 

• Built-in testability features 

• Hardware or software controllable sleep mode 

WD76C30lLV 

1.2 GENERAL 

The WD76C30/LV device provides three functional 
groups. It is a Peripheral Controller, Interrupt Mul
tiplexer, and Clock Generator. 

The low power CMOS WD76C30/LV is a single 
device solution which provides interrupt multiplex
ing logic, clock generation, two serial ports, and one 
bidirectional parallel port. 

Interrupt multiplexing logic interfaces the PC/AT 
interrupt request lines with the WD76C10 Single 
Chip AT Controller. 

Integrated clock generation circuitry uses the 48 
MHz input signal to generate the 1.8462, 3.072, and 
8.0 MHz clocks used internally for the two serial 
ports, a 9.6 MHz Signal used for the keyboard 
controller and floppy controller, a programmable 
duty/frequency clock for the 80287 coprocessor, 
and a 16 MHz clock for driving the WD76C10 Single 
Chip AT Controller, and floppy controller. 

For low power implementations such as laptops, 
oscillator disable and sleep modes are available to 
power down unused logic. 

The bidirectional parallel port is software con
figurable as either a PC/AT or a PS/2 compatible 
port. The parallel port data lines and open drain 
printer signals have high current drive capabilities. 

Each ACE is programmable as either a WD16C550 
or WD16C450 compatible device. Each 
WD16C550 configured ACE is capable of buffering 
up to 16 bytes of data upon reception, relieving the 
CPU of interrupt overhead. Buffering of data also 
allows greater latency time in interrupt servicing 
which is vital in a multitasking environment. Each 
ACE has a maximum recommended data rate of 
512 Kbaud. 

• CMOS implementation for high speed and low 
power requirements 1.3 WD76C30/LV DIFFERENCES 

• Pulse extension on IRQ inputs 

• 84-pin PLCC and PQFP packages 

Both the WD76C30 and WD76C30LV operate with 
two power supplies. The WD76C30 logic is 
powered by a 5.0 volt supply, while the 
WD76C30LV logic is powered by a 3.3 volt supply. 
The parallel and serial port interfaces are only 
supported by the WD76C30. 
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1.4 PERIPHERAL CONTROLLER 

The peripheral controller is functionally equivalent 
to the WD16C452/552. The mode of operation of 
the serial ports and parallel port is selectable via 
the Mode Select Register. Each serial port is 
configurable as either a FIFO enhanced ACE 

MSTRX1 

MSTRX2 

DESCRIPTION 

(WD16C550 compatible) or a standard ACE 
(WD16C450). The parallel port is configurable as 
either a PS/2 bidirectional parallel port or a PC/AT 
compatible parallel port. Adetailed description of 
the Mode Selection Register is described in the 
parallel port section. 
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PIN DESCRIPTION WD76C30lLV 

2.0 PIN DESCRIPTION 
Table 2-1 provides a description of the signals 
serviced by the WD76C30/LV. A drawing of the 
84-pin QUAD package, showing the pin and signal 

locations, is provided in Figure 2-1. The DC 
operating characteristics and timing are presented 
in section 6. The DC Operating Charactersitics for 
the WD76C30LV are presented in the Appendix. 
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FIGURE 2-1. 84-PIN PLCC - SIGNAL/PIN ASSIGNMENT 
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WD76C30lLV PIN DESCRIPTION 

PIN 
MNEMONIC SIGNAL NAME 1/0 DESCRIPTION NUMBER 

76 BIDEN Bidirectional I When de-asserted, the BIDEN enables the 
Enable parallel port data lines as outputs. When as-

serted, BIDEN works in conjunction with the 
DIR bit (see Table 4-3) to control the direction 
of the parallel port data bit. 

78,55 DSR1, DSRO Data Set Ready I The communication link asserts these signals 
to indicate that it is ready to exchange data with 
the associated Asynchronous Communications 
Element (ACE). Bit 5 of the associated 
MODEM Status Register reflects the logical 
state of DSR. 

79,54 Rff, RIO Ring Indicator I When asserted, these signals indicate that a 
I ringing signal for the associated ACE is being 
I received by the MODEM or data set. This 

logical value is reflected in bit 6 of the as-
sociated MODEM Status Register. 

80 RLSD1 Received Line I The Data Circuit-terminating Equipment (DCE) 
53 RLSDO Signal Detect asserts these signals when the associated ACE 

is receiving a signal that meets its signal quality 
conditions. Bit 3 of the associated MODEM 
Status Register reflects this value. 

82 SOUT1 Serial Data 0 SOUT1 is the transmitted Serial Data· Output 
51 SOUTO Output from ACE#1 to the communication link. 

SOUTO is the transmitted Serial Data Output 
from ACE#O to the communication link. The 
SOUT signals are set to a marking condition 
(logical 1) upon a Master Reset. 

77,56 SIN1, SINO Serial Data I SIN1 is the received Serial Data Input from the 
Inputs communication link to ACE#1. SINO is the 

received Serial Data Input from the com-
munication link to ACE#O. 

Data on the serial data inputs are disabled 
when exercising loop back mode and internally 
connected to their respective SOUT lines. 

83,50 DTR1, DTRO Data Terminal 0 When asserted, the Data Terminal Ready in-
Ready forms the MODEM or data set that the as-

sociated ACE is ready to receive. This value is 
reflected in bit 0 of the MODEM Control 
Register. 

84,49 RTS1,RTSO Request To 0 When asserted, the Request To Send informs 
Send the MODEM or data set that the associated 

ACE is ready to transmit data. This value is 
reflected in bit 1 of the MODEM Control 
Register. 

TABLE 2·1. PIN DESCRIPTION 
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PIN DESCRIPTION 

PIN 
NUMBER MNEMONIC 

81,52 CTS1,CTSO 

32 - 29, DB7 - DBO 
27 -24 

43 - 45 A2, A 1, AO 

41 lOW 

42 lOR 

48 CSO 

47 CS1 

46 CS2 

36 RESET 

57 - 62, PD7 - PD~ 
65 - 66 

WD76C30lLV 

SIGNAL NAME I/O DESCRIPTION 

Clear to Send I The DCE asserts the Clear To Send to signal 
the associated ACE that a remote device is 
ready to transmit. This value is reflected in bit 
4 of the MODEM Status Register. 

Data Bits I/O The Data Bits are tri-state, bidirectional com
munication lines between the WD76C30/LV 
and Data Bus. 

Address lines 
A2-AO 

Input/Output 
Write Strobe 

Input/Output 
Read Strobe 

Chip Select 0 

Chip Select 1 

Chip Select 2 

Parallel Data 
Bits 

DBO is the least significant bit and the first serial 
bit to be transmitted or received. 

I Address Lines A2 - AO are used to select the 
registers internal to the WD76C30/LV. 

I When Input/Output Write Strobe is asserted, 
data is written to the Port's addressed register 
from the Data Bus (DB7 - DBO). The register is 
addressed by Address Lines A2 - AO. ACE#O, 
ACE#1, or the Parallel Port is selected by CSO, 
CS1, or CS2 respectively. 

I When Input/Output Read Strobe is asserted, 
data is read from the Port's addressed register 
and placed on the Data Bus (DB7 - DBO). The 
register is addressed by Address Lines A2 - AO. 
ACE#O, ACE#1 , or the Parallel Port is selected 
by CSO, CS1, or CS2 respectively. 

I Chip Select 0 when asserted, selects serial port 
O. 

I Chip Select 1 when asserted, selects serial port 
1. 

I Chip Select 2 when asserted, enables the 
parallel port. 

I When asserted, RESET forces the 
WD76C30/LV into an idle mode in which all 
serial data activities are terminated. The IRQ 
MUX is forced into a non-compatible mode. 
The WD76C30/LV remains in the idle state until 
programmed to begin data activities. 

I/O Bidirectional data port, providing parallel input 
and output to the parallel port. 

TABLE 2-1. PIN DESCRIPTIONS Cont. 
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WD76C30lLV PIN DESCRIPTION 

PIN 
MNEMONIC SIGNAL NAME I/O DESCRIPTION NUMBER 

67 STB (j) Line Printer 0 When asserted, the Line Printer Strobe signals 
Strobe the line printer to latch the data currently on the 

parallel port (PD7 - PDO). 

68 AFD (j) Line Printer 0 When asserted, the Line Printer Autofeed sig-
Autofeed nals the line printer to autofeed continuous form 

paper. 

69 IN IT (j) Line Printer 0 When asserted, Line Printer Initialize signals 
Initialize the line printer to begin an initialization routine. 

70 SUN (j) Line Printer 0 'When asserted, Line Printer Select selects the 
Select 'printer. 

23 I RQ711RQ7 Interrupt I/O IRQ7/IRQ7 is an input to the IRQ MUX when 
Request 7 the WD76C30/LV is !lQ1 in the Stand Alone 

Mode. 

IRQ7/IRQ7 is output as the Parallel Port Inter-
rupt when the WD76C30/LV is in the Stand 
Alone Mode (refer to section 5.6, 5.7). 

When operating as the Parallel Port Interrupt, 
IRQ7(IRQ7 is a tristate signal and must be 
enabled by bit 4 in the Write Control Register 
(refer to section 4.0). 

When the Parallel Port Interrupt is PC/AT com-
patible, this signaL1§l.RQ7 and is asserted at 
the rising edge of ACK and decasserted at the 
falling edge of ACK. 

When the Parallel Port is PS/2 compatible, this 
signal is IRQ7 and is asserted at the rising edge 
of ACK and de-asserted at the rising edge of 
lOR, when reading the Parallel Port Status 
Register. ' 

71 ERROR Line Printer I The printer asserts this signal to inform the 
Error parallel port of a deselect condition, PE, or 

other error condition. 

72 SLCT Line Printer I The line printer asserts the Line Printer Select 
Select signal when it has been selected. 

73 BUSY Line Printer I The line printer asserts the Line Printer Busy 
Busy signal when it has an operation in progress. 

74 PE Line Printer I The line printer asserts the Line Printer Paper 
Paper Empty Empty signal when it is out of paper. 

(j) These outputs are open drain with internal pull-ups. 

TABLE 2-1. PIN DECSRIPTION Cont. 

6-6 ADVANCED INFORM A TlON 11/19/91 



PIN DESCRIPTION WD76C30lLV 

PIN 
MNEMONIC SIGNAL NAME I/O DESCRIPTION NUMBER 

75 ACK Line Printer I The line printer asserts the Line Printer Ac-
Acknowledge knowledge signal to confirm that the data trans-

fer from the WD76C30/LV to the printer was 
successful. 

4-6 MXCTLO - IRQ MUX I MXCTLO - MXCTL2 are encoded select signals 
MXCTL2 Control generated by the WD76C10 for sampling the 

IRQ inputs. 

8 - 15, IRQ3 - 6 IRQ MUX I These 11 interrupt signals, along with IRQ7, 
17-19 IRQ8 Inputs RESCPU, ROM8, KBINT, and A20GT are mul-

IRQ9-11 tiplexed into IRQSETO and IRQSET1 at a 
IRQ14, 15, 12 period rate defined by MXCTLO - MXCTL2. 

7 RESCPU Reset CPU I The keyboard controller asserts Reset CPU 
when the CPU should be reset. 

16 ROM8 8-bit ROM I ROM8 is multiplexed into the IRQSET1 signal 
and, when asserted, indicates to the WD76C10 
that the system ROM is eight bits, when de-as-
serted it is 16 bits. 

21 KBINT Keyboard I KBINT is multiplexed into the IRQSET1 signal 
Interrupt and indicates to the WD76C1 0 that a keyboard 

interrupt is pending. 

20 A20GT Address 20 I A20GT is multiplexed into the IRQSET1 signal 
Signal and reflects the state of the address 20 signal. 

This allows compatibility with the 8086 and 
80286 processors when addressing memory 
in the 64 Kbyte boundary above 1 Mbyte. 

35 MSTRX1 CD Master Clock 1 I The Master Clock 1 signal can be driven by 
either a 16 MHz crystal or 48 MHz TTL oscil-
lator. 

34 MSTRX2 CD Master Clock 2 0 Master Clock 2 is connected to the 16 MHz 
crystal to generate Master Clock 1 for the clock 
generation circuitry. This pin is left discon-
nected if Master Clock 1 is being driven by a 48 
MHz TTL oscillator. 

38 CLK287 80287 Clock 0 CLK287 clock drives the 80287 coprocessor. 
CLK287 is programmable via the Clock Selec-
tion Register. A variety of clock frequencies 
and duty cycles provide compatibility with a 
variety of 80287 or 80287 compatible 
coprocessors. 

CD Third overtone of 16 MHz crystal is used to generate the 48 MHz clock. 

TABLE 2-1. PIN DESCRIPTION Cont. 
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WD76C30lLV PIN DESCRIPTION 

PIN 
MNEMONIC SIGNAL NAME I/O DESCRIPTION NUMBER 

37 KBCLK Keyboard Clock 0 Keyboard Clock is a 9.6 MHz clock used to 
drive the keyboard controller. This signal can 
be used to drive the WD37C65 Floppy Disk 
Controller for systems not using the WD76C20 
Storage Controller. 

40 ATCLK AT Clock 0 AT Clock is a 16 MHz clock used to drive the 
ATCLK input to the WD76C10. AT Clock 
provides a fixed reference that allows the 
PC/AT bus state machine to run with 8 MHz 
compatible timing. This signal can be used to 
drive the Floppy Disk Controller in the 
WD76C20 Storage Controller. 

1 IROSETO Interrupt 0 These signals are outputs of the I RO multiplex-
2 IROSET1 Request ing logic. When in the Stand Alone Mode 

Set 0,1 IROSETO and IROSET1 become the tristate 
interrupt outputs from Serial Port 0 and 1 
respectively. (Refer to section 5.6) 

64 Voo Power Supply WD76C30, +5V power supply to the serial and 
parallel port logic. This supply can be turned 
off. 

WD76C30LV, +3.3 power supply to the serial 
and parallel port logic. This supply can be 
turned off. 

3,22 Voo2 Power Supply +5V power supply to the WD76C30, excluding 
the serial and parallel ports. 

+3.3V power supply to the WD76C30LV, ex-
cluding the serial and parallel ports. 

28,39, Vss Ground System signal ground. 
63,33 

TABLE 2-1. PIN DESCRIPTION Cont. 
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SERIAL PORT REGISTERS WD76C30lLV 

3.0 SERIAL PORT REGISTERS 
Software Reset: The WD76C30/LV contains two serial ports, there

fore, the following registers exist in duplicate, one 
per port. 

3.1 SERIAL PORT REGISTER ADDRESSING 

A software reset is performed by writing to 
the Divisor Latches, forcing the transmitter 
and receiver to an idle mode. Registers are 
not reset by this operation. Prior to enabling 
interrupts, the LSR and RBR registers should 
be read to clear out any data, returning them 
to a known state without resetting the system. 

3.1.1 Chip Select (CSO, CS1) 

When CSO is low, registers for serial port 0 can be 
accessed, and when CS1 is low, registers for serial 
port 1 can be accessed. No more than one CS 
(CSO, CS1 , or CS2) should ever be low at any time, 
unless all three are low for Sleep Mode. 

Chip Select (CSO, CS1) and register select (AO, A 1, 
A2) signals must be stable for the duration of a read 
or write operation. 

3.1.2 Register Select (AO, A 1, A2) 

Power Down Reset: 
In the Parallel Port, asserting Mode Selection 
Register bit 3 (PUD) described in section 5.5, 
causes the ACE to reset to the condition 
listed in Table 3-2. 

To select a register for read or write operation, see 
Table 3-1. 

DLAB A2 A1 

0 0 0 
0 0 0 

0 0 0 

X 0 1 
X 0 1 

X 0 1 

X 1 0 

X 1 0 

X 1 1 

X 1 1 

1 0 0 

1 0 0 

AO 

0 
0 

1 

0 
0 

1 

0 

1 

0 

1 

0 

1 

NOTE 
Divisor Latch Access Bit (DLAB) is the 
MSB of the Line Control Register. DLAB 
must be programmed high (logic 1) by the 
system software to access the Baud Rate 
Generator Divisor Latches. 

REGISTER 

Receiver Buffer Register (read) 
Transmitter Holding Register (write) 

Interrupt Enable Register 

Interrupt Identification Register (read) 
FIFO Control Register (write) 

Line Control Register 

MODEM Control Register 

Line Status Register (read only) 

MODEM Status Register 

Scratch Pad Register 

Divisor Latch Register (least significant byte) 

Divisor Latch Register (most significant byte) 

TABLE 3-1. REGISTER ADDRESSING 
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WD76C30lLV SERIAL PORT REGISTERS 

3.2 ACE OPERATIONAL DESCRIPTION 3.2.2 ACE Accessible Registers 

3.2.1 Master Reset 

Asserting RESET on pin 36 causes the ACE to reset 
to the condition listed in Table 3-2. 

The system programmer has access to any of the 
registers as summarized in Table 3-3. For in
dividual register descriptions, refer to the following 
pages under register heading. 

REGISTER/SIGNAL RESET CONTROL RESET STATE 

Receiver Buffer Register First Word Received Data 
Transmitter Holding Register Writing into the Transmitter Data 

Holding Register 
Interrupt Enable Register Master Reset or PUD = 1 All Bits Low (0-3 forced 

and 4-7 permanent) 
Interrupt Identification Register Master Reset or PUD = 1 Bit 0 is High and Bits 1-3; 6 

and 7 are forced Low. Bits 4 
and 5 are Permanently Low 

Line Control Register Master Reset or PUD = 1 All Bits Low 
MODEM Control Register Master Reset or PUD = 1 All Bits Low 
Line Status Register Master Reset or PUD = 1 All Bits Low, except Bits 5 

and 6 are High 
MODEM Status Register Master Reset or PUD = 1 Bits 0-3 Low, 

MODEM Signal Inputs Bits 4-7 at Input Signal 
Divisor Latch (low order byte) Writi ng into the Latch Data 
Divisor Latch (high order byte) Writing into the Latch Data 
SOUT Master Reset or PUD = 1 High 
RTS Master Reset or PUD = 1 High 
DTR Master Reset or PUD = 1 High 
RCVR FIFO Counter MR or FCR1· FCRO or 6.FCRO or PUD = 1 All Bits Low 
XMIT FIFO Counter MR or FCR2 • FCRO or 6.FCRO or PUD = 1 All Bits Low 
FIFO CONTROL Master Reset or PUD = 1 All Bits Low 
07 - DO Data Bus Lines In Tristate Mode, Tri-State 

Unless lOR = Low Data (ACE to CPU) 
Address Selection Register Master Reset All Bits Low 
Clock Selection Register Master Reset All Bits Low 
CLK Disable Register Master Reset All Bits Low 
Serial Port Interrupt Master Reset All Bits Low 
Selection Register 
Serial Port Interrupt Master Reset All Bits Low 
Selection Register 
Parallel Port Interrupt Master Reset All Bits Low 
Selection Register 
Mode Selection Register Master Reset All Bits Low 
Parallel Port Control Master Reset or PUD = 1 Bits 7 - 6 High, Bits 5 - 0 Low 
Parallel Port Data Master Reset or PUD = 1 All Bits Low 
Parallel Port Status None 
SUN, INIT, AFD, STB, Master Reset or PUD = 1 High, Low, High, High 

* Reset disables the Stand Alone Mode * 
PUD is bit 3 of the Mode Selection Register 

TABLE 3-2. RESET CONTROL OF REGISTERS AND PINOUT SIGNALS 
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SERIAL PORT REGISTERS WD76C30lLV 

REGISTER ADDRESS @ 

DLAB = 0 DLAB = 0 DLAB = 0 DLAB = X DLAB = X DLAB = X 
A2-AO = 0 A2-AO = 0 A2-AO = 1 A2-AO = 2 A2 - AO = 2 A2-AO=3 
Read Only Write Only Read Only Write Only 

REGISTER TITLE 

Bit Receiver Transmitter Interrupt Interrupt FIFO Control Line 
No. Buffer Holding Enable Identification Register Control 

Register Register Register Register Register 

0 Data Bit 0 Data Bit 0 Enable "0" if FIFO Word Length 
Received Interrupt Enable Select Bit 0 
Data Pending (FEWO) (WLSO) 
Available (IP) 
Interrupt 
(ERBFI) 

1 Data Bit 1 Data Bit 1 Enable Interrupt Rcvr Word Length 
Transmitter ID Bit 1 FIFO Select Bit 
Holding (liD) Reset 1 (WLS1) 
Register (RFR) 
Empty 
Interrupt 
(ETBEI) 

2 Data Bit 2 Data Bit 2 Enable Interrupt Transmitter Number of 
Receiver ID Bit 2 FIFO Stop Bits 
Line Status (liD) Reset (STB) 
Interrupt (TFR) 
(ERLSI) 

3 Data Bit 3 Data Bit 3 Enable Interrupt Not Parity 
MODEM ID Bit3 Used Enable 
Status (liD) CD (PEN) 
Interrupt 
(EDSSI) 

4 Data Bit 4 Data Bit 4 0 0 Reserved Even 
Parity 
Select 
(EPS) 

5 Data Bit 5 Data Bit 5 0 0 Reserved Stick Parity 
(STP) 

6 Data Bit 6 Data Bit 6 0 FIFO Rcvr FIFO Set Break 
Enabled CD Trigger Level Control 
(FERO) (LSB)(RFTL) (SBR) 

7 Data Bit 7 Data Bit 7 0 FIFO Rcvr FIFO Divisor 
Enabled CD Trigger Level Latch 
(FERO) (MSB) Access Bit 

(RFTL) (DLAB) 

<D These bits are 0 in Character Mode. @ See Table 3-1 

TABLE 3-3. ACCESSIBLE WD76C30 SERIAL PORT REGISTERS 
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WD76C30lLV SERIAL PORT REGISTERS 

REGISTER ADDRESS (g) 

DLAB = X DLAB = X DLAB = X DLAB = X DLAB = 1 DLAB = 1 
A2-AO = 4 A2-AO = 5 A2-AO = 6 A2-AO =? A2-AO = 0 A2-AO = 1 

REGISTER TITLE 

Bit MODEM Line MODEM Scratch Divisor Divisor 
No. Control Status Status Pad Latch Latch 

Register Register Register Register (LSB) (MSB) 

0 Data Data Delta Bit 0 Bit 0 Bit 8 
Terminal Ready Clear to 
Ready (DR) Send 
(DTR) (DCTS) 

1 Request Overrun Delta Bit 1 Bit 1 Bit 9 
to Send Error Data Set 
(RTS) (OE) Ready 

(DDSR) 

2 Not Parity Trailing Bit2 Bit2 Bit 10 
Connected Error Edge Ring 
(NC) (PE) Indicator 

(TERI) 

3 Interrupt Framing Delta Bit3 Bit3 Bit 11 
(Int) Error Receive 

(FE) Line Signal 
Detect 
(DRLSD) 

4 Loop Break Clear to Bit4 Bit4 Bit 12 
Interrupt Send 
(BI) (CTS) 

5 0 Transmitter Data Set Bit5 Bit5 Bit 13 
Holding Ready 
Register (DSR) 
Empty (THRE) 

6 0 Transmitter Ring Bit 6 Bit 6 Bit 14 
Empty Indicator 
(TEMT) (RI) 

? 0 Error in Received Bit? Bit? Bit 15 
RCVR Line Signal 
FIFO <D Detect 
(EIRF) (RLSD) 

<D This bit is 0 in Character Mode. (g) See Table 3-1 

TABLE 3-3. ACCESSIBLE WD76C30 SERIAL PORT REGISTERS (Cont.) 
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3.3 LINE CONTROL REGISTER 

The Line Control Register provides control over the 
word length, number of Stop Bits, Parity, Break 
Control and selection of the Receiver Buffer, Trans
mitter Holding Register and Interrupt Enable 
Register. 

Address A2-AO = 3, DLAB = X - Read and Write 

7 6 5 4 3 2 1 0 

DLAB SBR STP EPS PEN STB WLSl WLSO 

Signal 
Name 

Default After 
Master Reset 

All signals o 

Bit 7 - DLAB, Divisor Latch Access 

DLAB = 0-
Access the Receiver Buffer, Transmitter 
Holding Register or Interrupt Enable 
Register. 

DLAB = 1 -
Access the Divisor Latches of the Baud 
Rate Generator during a Read or Write 
operation. 

Bit 6 - SBR, Set Break Control 

The SBR feature enables the CPU to alert a 
terminal in a computer communications system. 

SBR = 0-
Serial Output (SOUT) follows the output 
of the transmitter. 

SBR = 1 -
The Serial Output (SOUT) is forced to 
the Spacing (logic 0) State and remains 
there (until reset by a low-level SBR), 
regardless of other transmitter activity. 

Bit 5 - STP, Stick Parity 

STP = 0-
When parity is enabled by PEN (bit 3), it 
is represented as indicated by the state 
of EPS (bit 4). 

STP = 1 -
When parity is enabled by PEN, the 
Parity bit is transmitted and then 
detected by the receiver in the opposite 
state indicated by EPS. 

WD76C30lLV 

Bit 4 - EPS, Even Parity Select 

EPS = 0-
When PEN (bit 3) equals 1 and STP 
equals 0, an odd number of logic 1 's 
are transmitted or checked in the data 
word bits and Parity bit. 

EPS = 1 -
When PEN equals 1 and STP equals 0, 
an even number of bits are transmitted 
or checked. 

Bit 3 - PEN, Parity Enable 

PEN = 0-
No parity is generated or checked. 

PEN = 1 -
Parity is generated on transmitted data 
or checked on received data between 
the last data word bit and Stop bit of the 
serial data. The Parity bit is used to 
produce an even or odd number of 1 's 
when the data word bits and the Parity 
bit are summed. 

Bit 2 - STB, Number Of Stop Bits 

This bit specifies the number of Stop Bits in 
each transmitted serial character. 

STB = 0-
One Stop Bit is generated in the trans
mit data. 

STB = 1 -
When WLS1 and WLSO (bits 1 and 0) 
select a 5-bit word length, 1-112 Stop 
bits are generated. 

When WLS1 and WLSO select a 6,7 or 
8-bit word length, two Stop bits are 
generated. 

Bits 1, 0 - WLS1, WLSO, Word Length Select 

WLS1 and WLSO specify the number of bits in 
each transmitted or received serial character. 

WLS1 WLSO Word Length 

0 0 5 bits 

0 1 6 bits 

1 0 7 bits 

1 1 8 bits 
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3.4 ACE PROGRAMMABLE BAUD RATE 
GENERATOR 

The ACE contains a programmable Baud Rate 
Generator with a programmable input clock of 
1.843 MHz, 3.0 MHz or 8 MHz clocks, as well as a 
48 MHz input for test purposes. The output fre
quency of the Baud Generator is 16 times the baud 
rate. Two 8-bit latches store the divisor in a 16-bit 
binary format. These Divisor Latches must be 
loaded during initialization in order to insure desired 
operation of the Baud Rate Generator. Upon load
ing either of the Divisor Latches, a 16-bit Baud 
counter is immediately loaded. This prevents long 
counts on initial load. Loading of either divisor 
Latch forces the Transmitter and Receiver into the 
Idle Mode. The transmitter does not enter the Idle 
Mode until after the character in the shift register 
has been transmitted. 

SERIAL PORT REGISTERS 

Tables 3-3,3-4 and 3-5 illustrate the use of the Baud 
Generator with three different driving frequencies. 
One is referenced to a 1.8432 MHz clock, another 
is a 3.072 MHz clock and the third is an 8.0 MHz 
clock. 

NOTE 
The maximum operating frequency of the 
Baud Rate Generator is.8.0 MHz. 

The data rate should never be greater than 512 
Kbaud. 

DESIRED DIVISOR USED PERCENT ERROR 
BAUD TO GENERATE DIFFERENCE BETWEEN 
RATE 16 TIMES CLOCK DESIRED AND ACTUAL 

50 2304 -
75 1536 -

110 1047 0.026 
134.5 857 0.058 

150 768 -
300 384 -
600 192 -

1200 96 -
1800 64 -
2000 58 0.690 
2400 48 -
3600 32 -
4800 24 -
7200 16 -
9600 12 -

19200 6 -
38400 3 -
56000 2 2.860 

TABLE 3-4. BAUD RATES USING 1.8432 MHz CLOCK 
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DESIRED 
BAUD 
RATE 

50 
75 

110 
134.5 

150 
300 
600 

1200 
1800 
2000 
2400 
3600 
4800 
7200 
9600 

19200 
38400 

DIVISOR USED 
TO GENERATE 

16 TIMES CLOCK 

3840 
2560 
1745 
1428 
1280 
640 
320 
160 
107 
96 
80 
53 
40 
27 
20 
10 
5 

PERCENT ERROR 
DIFFERENCE BETWEEN 
DESIRED AND ACTUAL 

0.026 
0.034 

0.628 

1.230 

TABLE 3·5. BAUD RATES USING 3.072 MHz CLOCK 

DESIRED DIVISOR USED PERCENT ERROR 
BAUD TO GENERATE DIFFERENCE BETWEEN 
RATE 16 TIMES CLOCK DESIRED AND ACTUAL 

50 10000 
75 6667 0.005 

110 4545 0.010 
134.5 3717 0.013 

150 3333 0.010 
300 1667 0.020 
600 833 0.040 

1200 417 0.080 
1800 277 0.080 
2000 250 
2400 208 0.160 
3600 139 0.080 
4800 104 0.160 
7200 69 0.644 
9600 52 0.160 

19200 26 0.160 
38400 13 0.160 
56000 9 0.790 

128000 4 2.344 
256000 2 2.344 
512000 1 2.344 

TABLE 3·6. BAUD RATE USING 8.0 MHz CLOCK 
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3.5 LINE STATUS REGISTER 

The Line Status Register provides status informa
tion to the CPU concerning the data transfer. 

Address A2-AO = 5, DLAB = X - Read 

7 6 

EIRF TEMT 

Signal 
Name 
EIRF 
TEMT 
THRE 
81 
FE 
PE 
OE 
DR 

5 4 

THRE BI 

3 2 

FE PE 

1 0 

OE DR 

Default After 
Master Reset 

o 
1 
1 
o 
o 
o 
o 
o 

Bit 7· EIRF, Error in RCVR FIFO 

EIRF = 0-
When in Character Mode, EIRF is al
ways o. 

When in FIFO Mode, a 0 indicates no 
error in the RCVR. 

EIRF = 1 -
There is at least one parity error, fram
ing error or break indication in the FIFO. 
EIRF is set to 0 when the Line Status 
Register is read and there are no addi
tional errors in the FIFO. 

Bit 6 • TEMT, Transmitter Empty 

TEMT = 0-
When in the Character Mode, at least 
one byte has been written into the 
Transmitter Holding Register. 

When in the FIFO Mode, at least one 
byte has been written into the XMIT 
FIFO. 

TEMT = 1 -
When in the Character Mode, the Trans
mitter Holding Register and Transmitter 
Shift Register are idle (empty). 

In the FIFO Mode, the XMIT FIFO and 
XMIT Shift Registers are empty. 

SERIAL PORT REGISTERS 

Bit 5 • THRE, Transmitter Holding Register Empty 

Character Mode: 

THRE indicates that the ACE is ready to ac
cept a new character for transmission. THRE 
also causes the ACE to issue an interrupt to 
the CPU when the Transmit Holding Register 
Empty interrupt enable is set high. 

THRE = 0-
The CPU has loaded the Transmitter 
Holding Register. 

THRE = 1 -
A character has been transferred from 
the Transmitter Holding Register into 
the Transmitter Shift Register. 

FIFO Mode: 

Normally 

THRE responds immediately when the XMIT 
FIFO is emptied or when the first character is 
written into the XMIT FIFO. 

The first transmitter interrupt after changing 
the first bit of FIFO Control Register will be 
immediate if the Transmit Holding Register 
Interrupt is enabled. . 

Exception 

The Transmitter FIFO empty indications are 
delayed one character time, minus the last 
Stop Bit time, whenever the Transmitter FIFO 
is empty and there have not been at least two 
characters in Transmitter FIFO at the same 
time since the last time that Transmitter FIFO 
was empty. 

THRE = o-
At least one character has been written 
into the XMIT FIFO. 

THRE = 1 -
The XMIT FIFO is empty. 

Bit 4 • BI, Break Interrupt 

BI indicates that the received character is a 
Break. 

BI = 0-
The CPU read the contents of the Line 
Status Register. Restarting after a 
break is received requires the SIN pin 
to be high for at least one half bit time. 
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BI = 1 -
When in the Character Mode, the 
received data input has been held in 
the Spacing (Logic 0) state for longer 
than a full word transmission time (that 
is, the total time of Start Bit + data bits + 
Parity + Stop Bits). 

When in FIFO Mode, BI is associated to 
the particular character in the FIFO, and 
is set when the associated character is 
in the top of the FIFO. 

Bit 3 - FE, Framing Error 

FE indicates that the received character did 
not have a valid Stop Bit. 

FE = 0-
The CPU read the contents of the Line 
Status Register. 

FE = 1 -
In the Character Mode, the Stop Bit fol
lowing the last data bit or parity bit was 
detected as a zero bit (Spacing Level). 

In the FIFO Mode, an FE is associated 
with a particular character in the FIFO 
and is set when the associated charac
ter is at the top of the FIFO. 

Bit 2 - PE, Parity Error 

PE indicates that the received data character 
does not have the correct even or odd parity, 
as selected by the even-parity-select bit. 

PE = 0-
The CPU read the contents of the Line 
Status Register. 

PE = 1 -
In the Character Mode, a parity error 
has been detected. 

In the FIFO Mode, a parity error is as
sociated with a particular character in 
the FIFO, and PE is set when the as
sociated character is at the top of the 
FIFO. 

WD76C30lLV 

Bit 1 - OE, Overrun Error 

OE indicates that an Overrun Error occurred. 

OE = 0-
The CPU read the contents of the Line 
Status Register. 

OE = 1 -
In the Character Mode, the data in the 
Receiver Buffer Register was not read 
by the CPU before the next character 
was transferred into the Receiver Buffer 
Register. This destroyed the previous 
character. 

When in FIFO Mode, an OE occurs 
after the RCVR FIFO is full and the 
Receiver Shift Register has completely 
received the next character. An OE is 
indicated to the CPU as soon as it hap
pens. The character in the shift register 
will be written over but nothing will be 
transferred to the FIFO. 

Bit 0 - DR, Receiver Data Ready 

DR=O -
In the Character Mode, the CPU read 
the data in the Receiver Buffer Register. 

In the FIFO Mode, the receiver FIFO is 
empty. 

DR = 1 -
In the Character Mode, a complete in
coming character has been received 
and transferred into the Receiver Buffer 
Register. 

In the FIFO Mode, a complete incoming 
character has been received and trans
ferred into the RCVR FIFO. 

NOTE 
Bits 4 through 1 are the error conditions 
that produce a Receiver Line Status inter
rupt whenever any of the corresponding 
conditions are detected and Receiver Line 
Status interrupt is enabled. All bits of the 
Line Status Register, except bit 7, can be 
set or reset by writing to the register. 
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3.6 INTERRUPT IDENTIFICATION 
REGISTER 

The ACE has an interrupt capability that allows for 
complete flexibility in interfacing with all popular 
microprocessors presently available. In order to 
provide minimum software overhead during data 
character transfers, the ACE prioritizes interrupts 
into four levels. Listed according to their priority the 
four levels of interrupt conditions are: 

Receiver Line Status 
Received Data Ready 
Transmitter Holding Register Empty 
MODEM Status 

Information indicating that a prioritized interrupt is 
pending and source of that interrupt is stored in the 
Interrupt Identification Register (IIR). 

The IIR, when addressed during chip-select time, 
freezes the highest priority interrupt pending and no 
other interrupts are acknowledged until the par
ticular interrupt is serviced by the CPU. Bits 3-0 are 
further described in Table 3-7. 

SERIAL PORT REGISTERS 

Address A2-AO = 2, DLAB = X - Read only 

7 I 6 

FERO 

Signal 
Name 
FERO 
!!p. 
IP 

5 

0 

4 3 I 2 

0 liD 

Bits 7,6 - FERO, FIFO Enable 

I 1 0 

IP 

Default After 
Master Reset 

00 
000 
1 

The FERO bits identify whether the FIFO 
Control Register bit 0, has placed the device 
in the Character Mode or FIFO Mode. 

FERO = 0 0-
The device is in the Character Mode 

FERO = 11 -
The device is in the FIFO Mode. 

Bits 5, 4 - These bits are always logic O. 

Bits 3-1 -110, Interrupt ID 

The liD bits identify the highest priority inter
rupt pending (see Table 3-7). 

Bit 0 -IP, Interrupt Pending 

The I P bit can be used in either a hardwired 
prioritized or polled environment to indicate 
whether an interrupt is pending. 

IP = 0-
An interrupt is pending and the IIR con
tents may be used as a pointer to the 
appropriate interrupt service routine. 

IP = 1 -
No interrupt is pending and polling (if 
used) continues. 
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INTERRUPT IDENTIFICATION INTERRUPT SET AND RESET FUNCTIONS 
REGISTER 

liD IP Priority Interrupt Interrupt Interrupt 
Bit 3 Bit 2 Bit 1 Bit 0 Level Flag Source Reset Control 

0 0 0 1 - None None -

0 1 1 0 Highest Receiver Overrun Error Reading the 
Line Status or Parity Error Line Status 

or Framing Error Register 
or Break Interrupt 

0 1 0 0 Second Received Data Receiver Data Reading the 
Available Available Receiver Buffer 

Register or FIFO 
dropping below 
the trigger level 

1 1 0 0 Second Character No Characters Reading the 
Timeout have been input Receiver Buffer 
Identification or removed from Register 

RCVR FIFO 
during the last 
4 character times, 
and at least one 
character occupies 
it during this time. 

0 0 1 0 Third Transmitter Transmitter Reading the IIR 
Holding Holding Register (if source 
Register Register of interrupt) or 
Empty Empty Writing into the 

Transmitter 
Holding Register 

0 0 0 0 Fourth MODEM Clear to Send Reading the 
Status or Data Set or MODEM Status 

Ring Indicator Register 
or Received Line 
Signal Detect 

TABLE 3-7. INTERRUPT CONTROL FUNCTIONS 
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3.7 INTERRUPT ENABLE REGISTER 

When INT (bit 3 of Modem Control Register) is a 
logic 1, the Interrupt Enable Register controls the 
selection of the four interrupt sources of the ACE, 
making it possible to separately activate the 
device's internal Interrupt signals. 

It is possible to disable the entire interrupt system, 
or selected interrupts by configuring bits three 
though zero of the Interrupt Enable Register. 

Disabling the interrupt system inhibits the Interrupt 
Identification Register and the active internal inter
rupt signal. All other system functions operate in 
their normal manner, including the setting of the 
Line Status and MODEM Status Registers. 

Address A2-AO = 1, DLAB = 0 - Read and Write 

7 6 5 4 3 2 1 0 

0 0 

Signal 
Name 
All signals 

0 0 EDSSI ERLSI ETBEI ERBFI 

Default After 
Master Reset 

o 
Bits 7-4 - These four bits are always set to 0 by 

the hardware. 

Bit 3 - EDSSI, Enable MODEM Status Interrupt 

EDSSI = 0-
Disables the MODEM Status Interrupt. 

EDSSI = 1 -
Enables the MODEM Status Interrupt. 

Bit 2 - ERLSI, Enable Receiver Une Status Interrupt 

ERLSI = 0-
Disables the Receiver Line Status Inter
rupt. 

ERLSI = 1 -
Enables the Receiver Line Status Inter
rupt. 

SERIAL PORT REGISTERS 

Bit 1 - ETBEI, Enable Transmitter Holding Register 
Empty Interrupt 

ETBEI = 0-
Disables the Transmitter Holding Register 
Empty Interrupt. 

ETBEI = 1 -
Enables the Transmitter Holding Register 
Empty Interrupt. 

Bit 0 - ERBFI, Enable Received Data Available 
Interrupt 

ERBFI = 0-
Disables the Received Data Available 
Interrupt. 

ERBFI = 1 -
Enables the Received Data Available 
Interrupt. 

3.8 SCRATCH PAD REGISTER 

This 8-bit register does not control or report status 
on any part of the ACE. It can be used by the 
programmer as a general purpose register. 

Address A2-AO = 7, DLAB = X - Read and Write 

Signal 
Name 
All signals 

Default After 
Master Reset 

None 
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3.9 FIFO CONTROL REGISTER 

The FIFO Control Register is used to enable the 
FIFO Mode, clear FIFOs, set the RCVR FIFO trig
ger levels and select the mode of DMA signaling. 

Address A2-AO = 2, DLAB = X, Write only 

7 I 6 5 I 4 3 2 1 0 

RFTL Reserved Not TFR RFR FEWO 
Used 

Signal 
Name 

Default After 
Master Reset 

All signals o 
Bits 7, 6 - RFTL, RCVR FIFO Trigger Level 

RFTL controls the trigger level of the Received 
Data Available Interrupt. 

RFTL 
7 6 

o 
o 
1 
1 

o 
1 
o 
1 

Trigger Level (bytes) 

- 01 
- 04 
- 08 
- 14 

Bits 5, 4 - Reserved for future use and should be 
programmed to zeros. 

Bit 3 - Not Used 

In the WD16C550 this is the DMS bit. 

Bit 2 - TFR, Transmitter FIFO Reset 

Writing a one to TFR clears all characters 
'from the XMIT Error FIFO and resets its 
counters and this bit to O. The shift register 
and XMIT FIFO are not cleared. 

Bit 1 - RFR, Reciver FIFO Reset 

Writing a one to RFR clears all characters 
from the RCVR Error FIFO and resets its 
counters and this bit to O. The shift register 
and RCVR FIFO are not cleared. 

Bit 0 - FEWO, FIFO Enable 

FEWO= 0-
XMIT and RCVR FIFOs are disabled 

FEWO = 1-
XMIT and RCVR FIFOs are enabled. 
When changing from Character Mode to 
FIFO Mode, data in the FIFOs does not 
automatically clear. Setting or resetting 

WD76C30lLV 

FEWO clears all characters from the 
RCVR Error FIFO and resets the XMIT 
and RCVR FIFO counters to O. FEWO 
must be set to 1 before setting TFR and 
RFR or they will not be programmed. As 
illustrated by the following boolean 
equation, FEWO along with SP JIFO in 
the Mode Selection Register determine 
whether the Character Mode or FIFO 
Mode is selected. 

Character Mode = FEWO + SP JIFO 
FIFO Mode = FEWO. SP _FIFO 

3.10 MODEM CONTROL REGISTER 

The MODEM Control Register controls the inter
face with the MODEM, data set or a peripheral 
device emulating a MODEM. 

Address A2-AO = 4, DLAB = X - Read and Write 

7 6 5 4 3 2 1 0 

0 0 

Signal 
Name 
All signals 

0 LOOP INT NC RTS DTR 

Default After 
Master Reset 

o 
Bits 7-5 - These three bits are always set to 0 by 

the hardware. 

Bit 4 - LOOP, Loopback Mode 

This bit provides a loopback feature for diag
nostic testing of the ACE. Selecting the Loop
back Mode results in the following setup 
(Refer to Figure 3-1): 

• The transmitter Serial Output (SOUT) is 
set to a logic 1 (high) state. 

• The receiver Serial Input (SIN) is discon
nected. 

• The output of the Transmitter Shift Register 
is "looped back" into the Receiver Shift 
Register input. 
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Receiver line Status INT 

Receive Data INT 

TIme Out INT 

TMRE INT 

MODEM INT 

To IRO MUX-------' 
IROSETO 
IROSETt 

From IRO MUX----~ 

Stand Alone Mode -------,,-----' 

Loopback (MCR4) 

INT Enable (MCR3) 

FIGURE 3·1. INTERRUPT SIGNAL LOGIC 

• The four MODEM Control Inputs (CTS, 
DSR, RLSD and RI) are disconnected, 
and the MODEM Control Register bits 3-
o are internally connected to the four 
MODEM Control inputs. 

While in the Stand Alone and Loopback 
Mode, the IROSET outputs are tristated (see 
Figure 3-1). In the Loopback Mode, data that 
is transmitted is immediately received. This 
feature allows the processor to verify the 
transmit and receive data paths of the ACE. 

In the Loopback Mode, the receiver and 
transmitter interrupts are fully operational. 
The MODEM Control Interrupts are also 
operational but the interrupts' sources are 
now the lower four bits of the MODEM Con
trol Register instead of the four MODEM Con
trol inputs. The interrupts are still controlled 
by the Interrupt Enable Register. 

The ACE MODEM interrupt system can be. 
tested by writing into the lower four bits of the 
MODEM Status Register. 

To return to normal operation, the registers 
must be reprogrammed for normal operation 
and then LOOP (bit 4) reset to a logic o. 
LOOP = 0-

Normal Mode. 

LOOP = 1 -
Loopback Mode. 

INT = 0-
The IROSET output is tri-stated. 

INT = 1 -
The IROSET output is enabled in the 
Stand Alone Mode. 

Bit 2 • NC, No external connection. 

In the Loopback Mode, this bit is connected 
internally to bit 6 of the MODEM Status 
Register. 

Bit 1 • RTS, Request To Send 

Bit 1 controls the RTS signal. In the Loop
back Mode, this bit is connected internally to 
bit 4 of the MODEM Status Register. 

RTS = 0-
RTS is set to a logic one. 

RTS = 1 -
RTS is set to a logic zero. 

Bit 0 • DTR, Data Terminal Ready 

Bit 0 controls the DTR signal. In the Loop
back Mode, this bit is connected internally to 
bit 5 of the MODEM Status Register. 

DTR = 0-
DTR is set to a logic one. 

DTR = 1 -
DTR is set to a logic zero. 

Bit 3 • INT, Interrupt NOTE 
The DTR output of the ACE may be ap
plied to an EIA inverting line driver (such 
as the DS 1488) to obtain the proper 
polarity input at the succeeding MODEM 
or data set. 

6-22 

INT enables the IROSET output when in the 
Stand Alone Mode. In Loopback Mode this bit 
is connected internally to bit 7 of the MODEM 
Status Register (Refer to Figure 3-1). 
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3.11 MODEM STATUS REGISTER 

The MODEM Status Register provides the current 
state of the control lines from the MODEM (or 
peripheral device) to the CPU. In addition to this 
current-state information, bits 3 through 0 of the 
MODEM Status Register provide change informa
tion. These bits are set to a logic 1 whenever a 
control input from the MODEM changes state. 
They are reset to logic 0 whenever the CPU reads· 
the MODEM Status Register. 

Address A2-AO = 6, DLAB = X - Read and Write 

7 6 5 4 3 2 1 0 

RLSD RI DSR CTS DRLSD TERI DDSR DCTS 

Signal 
Name 
RLSD 
RI .. 
DSR . 
CTS . 
DRLSD 
TERI 
DDSR 
DCTS 

Default After 
Master Reset 

X 
X 
X 
X 
o 
o 
o 
o 

Bit 7 - RLSD, Received Line Signal Detect 

RLSD is the complement of the Received 
Line Signal Detect (RLSD) input. 

In the Loopback Mode (bit 4 of the MODEM 
Control Register set to 1) this bit is connected 
internally to bit 3 of the MODEM Control 
Register (INT). 

Bit 6 - RI, Ring Indicator 

RI is the complement of the Ring Indicator 
(RI) input. In the Loopback Mode (bit 4 of the 
MODEM Control Register set to 1) this bit is 
connected internally to bit 2 of the MODEM 
Control Register. 

Bit 5 - DSR, Data Set Ready 

DSR is the complement of the Data Set 
Ready (DSR) input. In the Loopback Mode 
(bit 4 of the MODEM Control Register set to 
1) this bit is connected internally to bit 0 of 
the MODEM Control Register (DTR). 

WD76C30lLV 

Bit 4 - CTS, Clear To Send 

CTS is the complement of the Clear to Send 
(CTS) input. In the Loopback Mode (bit 4 of 
the MODEM Control Register set to 1) this bit 
is connected internally to bit 1 of the MODEM 
Control Register (RTS). 

Bit 3 - DRLSD, Delta Received Line Signal 
Detector 

DRLSD is the Delta Received Line Signal 
Detector (DRLSD) indicator. 

DRLSD = 0-
The RLSD input to the WD76C30/LV 
has not changed state since the last 
time it was read by the CPU. 

DRLSD = 1 -
The RLSD input to the WD76C30/LV 
has changed state since the last time it 
was read by the CPU. 

Bit 2 - TERI, Trailing Edge of Ring Indicator 

TERI is the Trailing Edge of Ring Indicator 
(TERI) detector. 

TERI = 0-
The RI input to the WD76C30/LV has 
not changed from an On (logic 1) to an 
Off (logic 0) condition. 

TERI = 1 -
The RI input to the WD76C30/LV has 
changed from an On (logic 1) to an Off 
(logic 0) condition. 

Bit 1 - DDSR, Delta Data Set Ready 

DDSR is the Delta Data Set Ready (DDSR) 
indicator. 

DDSR = 0-
The DSR input to the WD76C30/LV has 
not changed state since the last time it 
was read by the CPU. 

DDSR = 1 -
The DSR input to the WD76C30/LV has 
changed state since the last time it was 
read by the CPU. 

Bit 0 - DCTS, Delta Clear to Send 

DCTS is the Delta Clear to Send (DCTS) in
dicator. 
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DCTS = 0-
The CTS input to the WD76C30/LV has 
not changed state since the last time it 
was read by the CPU. 

DCTS = 1 -
The CTS input to the WD76C30/LV has 
changed state since the last time it was 
read by the CPU. 

NOTE 
Setting bits 3, 2, 1, or 0 to a logic 
generates a MODEM Status Interrupt. 

3.12 FIFO OPERATION NOTES 

3.12.1 FIFO Interrupt Mode Operation 

When FEWO and ERBFI are 1 (bit 0 of the FIFO 
Control Register and bit 1 of the Interrupt Enable 
Register), the following RCVR interrupts will occur. 

1. A FI FO timeout interrupt occurs when the follow
ing is true: 

a. There is at least one byte in the RCVR FIFO. 

b. No character has been received in four con
tinuous character times (if two stop bits are 
being used, the second one is included in this 
time delay). 

c. The most recent CPU read from the FIFO has 
exceeded four continuous character times. 

The timeout counter is proportional to the baud 
rate. After a timeout interrupt, the interrupt is 
cleared and the timer is reset when the CPU 
reads a character from the RCVR FIFO. 

2. When the RCVR FIFO reaches its programmed 
trigger level, the receive data interrupt is set. 
This interrupt is cleared as soon as the FIFO 
level falls below the trigger level. 

3. When the XMIT FIFO is empty, the THRE inter
rupt is set and is reset when one character is 
written to the XMIT FIFO. 

SERIAL PORT REGISTERS 

3.12.2 FIFO Polling Mode Operation 

The FI FO Polling Mode is initialized when FEWO is 
1 and EDSSI, ERLSI, ETBEI and ERBFI are 0 (bit 
1 of the FIFO Control Register and bits 3 through 0 
of the Interrupt Enable Register). In polling mode, 
the user can poll the LSR directly to check the 
transmitter and receiver status. Since the receiver 
and transmitter are controlled separately, either one 
or both can be in polling mode. 

There is no trigger level reached or timeout condi
tion indicated on the interrupt pin in the FIFO Polling 
Mode. However, the RCVR and XMIT FIFOs are 
still fully capable of holding characters. 

3.12.3 FIFO Pointer 

The RCVR FIFO has an internal pointer that auto
matically points to the RCVR Data byte and as
sociated Status byte to be read. Reading the 
RCVR Data byte increments the internal counter, 
while reading the Status byte does not, therefore, 
the Status byte should always be read prior to 
reading the Data byte associated with it. 
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4.0 PARALLEL PORT DESCRIPTION 
The parallel port supports Centronics type printers. 
When CS2 is asserted, the parallel port is selected, 
allowing access to all parallel port control and status 
registers. (Refer to Tables 4-1 and 4-2.) 

A2 A1 AO lOR 

X 0 0 1 
X 0 0 0 

X 0 1 0 

X 1 0 1 
X 1 0 0 

0 1 1 1 
0 1 1 0 

1 1 1 1 
1 1 1 0 

X 0 1 1 

WD76C30lLV 

lOW REGISTER 

0 Data - Write 
1 Data - Read 

1 Status - Read 

0 Control - Write 
1 Control - Read 

0 Address Select Register - Write 
1 Address Select Register - Read 

0 Data Access Register - Write (j) 
1 Data Access Register - Read (j) 

0 Invalid 

(j) A2-AO, lOR and lOW, in conjunction with bits 2-0 of the Address Selection Register, select one 
of six registers. See section 5.1. 

TABLE 4·1. PARALLEL PORT (CS2 = 0) REGISTER ADDRESS 

BIT READ WRITE READ READ WRITE 
NO. DATA DATA STATUS CONTROL CONTROL 

0 0 1 2 2 
0 Data Bit 0 Data Bit 0 1 STB STB 
1 Data Bit 1 Data Bit 1 1 AFD AFD 
2 Data Bit 2 Data Bit 2 INT (j) INIT INIT 
3 Data Bit 3 Data Bit 3 ERROR SLiN SLiN 
4 Data Bit 4 Data Bit 4 SLCT IRQ ENB IRQ ENB 
5 Data Bit 5 Data Bit 5 PE 1 DIR@ 
6 Data Bit 6 Data Bit 6 ACK 1 NC 
7 Data Bit 7 Data Bit 7 BUSY 1 NC 

(j) This bit is only available when the parallel port interrupt is PS/2 compatible (Mode Selection Register 
bit 2 is a 1), Otherwise the bit is always a 1. 

@ This bit is only available when the parallel port bus is PS/2 compatible (Mode Selection Register bit 
1isa1). 

TABLE 4·2. ACCESSIBLE PARALLEL PORT REGISTERS 
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4.1 DATA REGISTER 

This read/write register is used to write to or read 
data from the Parallel Port Data Bus. 

Register select - Write: 
CS2 asserted - lOR de-asserted - lOW asserted 
Address A2 = X, A 1-AO = 0 

Register select - Read: 
CS2 asserted - lOR asserted - lOW de-asserted 
Address A2 = X, A 1-AO = 0 

Signal 
Name 
All signals 

Bits 7-0 

Parallel Bus Data 

Default After 
Master Reset 

o 

These bits represent the data being written to 
or read from the Parallel Port Data Bus. 

PARALLEL PORT DESCRIPTION 

4.2 STATUS REGISTER - READ 

The contents of this read only register represents 
the status of the corresponding Parallel Port pins 
(refer to Tables 2-1, 4-2 and Figure 2-1). 

Register select: 
CS2 asserted - lOR asserted - lOW de-asserted 
Address A2 = X, A 1-AO = 1 

7 6 
1BuS\i ACK 

Signal 
Name 
BUSY 
ACK 
PE . 
SLCT 
ERROR 
INT .. 
Bits 1,0 

5 

PE 

Bit 7 - BUSY 

4 3 
--

SLCT ERROR 

Bit 6 - ACK, Acknowledge 

Bit 5 - PE, Parity Error 

Bit 4 - SLCT, Select 

Bit 3- ERROR 

Bit 2 - INT, Interrupt 

2 
-
INT 

1 0 

1 1 

Default After 
Master Reset 

X 
X 
X 
X 
X 
o 
1 

INT represents the status of the Parallel 
Port's internal interrupt signal. This bit is only 
available when the parallel port interrupt is 
PS/2 compatible (Mode Selection Register bit 
2 equals 1) otherwise it is a 1. 

Bits 1, 0 

These bits are set to one by the hardware. 
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4.3 CONTROL REGISTER - WRITE 

The Control Register is used to write to the associated 
lines and, with the exception of bits 7 through 5, may 
be read by a Control Register - Read operation. See 
section 4.4. 

Register select:_ __ 
CS2 asserted - lOR de-asserted - lOW asserted 
Address A2 = X, A 1-AO = 2 

7 6 

NC NC 

Signal 
Name 
Bits 7,6 
DIR .. 
IRQ ENB 
suN" 
INIT 
AFD . 
STB . 

5 4 

DIR IRQ 
ENB-

Bits 7,6 - Not connected 

Bit 5 - DIR, Direction 

3 2 
-SLiN INIT 

1 0 

AFD STB 

Default After 
Master Reset 

X 
o 
o 
o 
o 
o 
o 

DIR works in conjunction with the BIDEN pin to 
determine the direction of the parallel port data 
bus (refer to Table 4-3). DIR only functions when 
the parallel port bus is PS/2 compatible as indi
cated by the Mode Selection Register bit 1 = 1 . 

Port Biden Direction Port Compat-
Mode Pin 76 Bit -5 Direction ability 

Extended 1 0 Write' PS/2 

Extended 0 X Write' PS/2 

Extended 1 1 Read' PS/2 

Compatible 1 N/A Read' PC/AT 

Compatible 0 N/A Write' PC/AT 

, Read and write refer to internal WD76C30/LV reading 
and writing the Parallel Port. 

TABLE 4-3. PARALLEL PORT OPERATION 
MODES 

Bit 4 - IRQ_ENB, Interrupt Enable 

IRQ_ENS = 0-
Parallel Port Interrupt is not enabled. 

IRQ_ENS = 1-
Parallel Port Interrupt is enabled. 

WD76C30lLV 

Bit 3 - SLlN, Line Printer Select 

Bit 2 - INIT, Line Printer Initialize 

Bit 1 - AFD, Line Printer Autofeed 

Bit 0 - STB, Line Printer Strobe 

4.4 CONTROL REGISTER - READ 

Bits 4 through 0 are read/write bits and represent 
the state as set by a Control Register - Write opera
tion. Sit 5 (DIR) is a write only bit, and, along with 
bits 7 and 6, are always represented with a 1. See 
section 4.3 

Register select: 
CS2 asserted - lOR asserted - lOW de-asserted 
Address A2 = X, A 1-AO = 2 

7 6 

1 1 

Signal 
Name 
Bits 7-5 
IRQ ENS 
suN" 
IN IT 
AFD 
STB 

Bits 7-5 

5 4 

1 IRQ 
ENS 

3 2 
-SLiN INIT 

1 0 

AFD STB 

Default After 
Master Reset 

1 
o 
o 
o 
o 
o 

These bits are set to one by the hardware. 

Bit 4 - IRQ_ENB, Interrupt Enable 

IRQ_ENS = 0-
Parallel Port Interrupt is not enabled. 

IRQ_ENS = 1 -
Parallel Port Interrupt is enabled. 

Bit 3 - SLlN, Line Printer Select 

Bit 2 - INIT, Line Printer Initialize 

Bit 1 - AFD, Line Printer Autofeed 

Bit 0 - STB, Line Printer Strobe 
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5.0 INTERRUPT, CLOCK AND 
MODE SELECTION REGISTERS 

The internal registers used for the interrupt multi
plexing, clock selection and mode selection are 
accessed in a two step process, using two address 
locations in the Parallel Port Register. First, the 
address for the desired register to be accessed is 
written into the Address Select Register located at 
address three of the Parallel Port. Then the data to 
be read from or written to the selected register is 
accessed through the Data Access Register (see 
Table 4-1), located at address seven in the Parallel 
Port. It is not necessary for these write operations 
to follow each other. 

5.1 ADDRESS SELECTION REGISTER 

Register select - Read: __ 
CS2 asserted - lOR asserted - lOW de-asserted 
Address A2-AO = 3 

Register select - Write: __ 
CS2 asserted - lOR de-asserted - lOW asserted 
Address A2-AO = 3 

7 6 \ 5 4 \ 3 2 \ 1 \0 
TEST SER_PRT_1 SER_PRT_O OAT_ACC_REG 
BIT ClK ClK 

Signal 
Name 

Default After 
Master Reset 

All signals o 
Bit 7 - Testbit 

The Testbit replaces the Serial 1, Serial 0 and 
Parallel Port interrupt signals to the internal 
interrupt multiplexer with the SlCT, BUSY 
and PE signals, respectively. 

Bits 6, 5 - SER_PRT_l ClK, Serial Port 1 Clock 

These bits select the input clock used by 
serial port 1. 

SER_PRT _1 ClK 
6 5 Serial Port 1 Clock 

o 0 1.8432 MHz 
o 1 3.072 MHz 
1 0 MSTRX1 
1 1 8.0 MHz 

Bits 4, 3 - SER_PRT_O ClK, Serial Port 0 Clock 

These bits select the input clock used for 
serial port O. 

SER_PRT _0 ClK 
4 3 Serial Port 0 Clock 

o 0 1.8432 MHz 
o 1 3.072 MHz 
1 0 MSTRX1 
1 1 8.0 MHz 

Bits 2-0 - DAT_ACC_REG, Data access register 
name 

These bits, in conjunction with address A2-AD 
= 7, select one of the six registers listed 
below. See Table 4-1. 

When all accesses are completed, this field 
should be set to the Parking Value (7). This 
prevents inadvertent accesses to the Data 
Access Register from disturbing the setup 
during normal operation. 

DAT_ACC_REG 
2 1 0 Data Access Reset 

Register Name Mode 

o 0 0 Clock Select Reg. OOH 
o 0 1 Clock Disable Reg. OOH 
o 1 0 Serial Port Oint. 

Selection Reg. OOH 
o Serial Port 1 Int. 

Selection Reg. OOH 
o 0 Parallel Port Int. 

Selection Reg. DOH 
o 1 Mode Selection Reg. DOH 
1 0 Version Register 
1 1 Parking Value 
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B2 B1 BO CLK287 FREQUENCY COPROCESSOR SUPPORTED 

0 0 0 8 MHz, 33% Duty Cycle 8 MHz Intel 80287 
8 MHz AMD 80C287 

0 0 1 9.6 MHz, 33% Duty Cycle 10 MHz Intel 80287 
10 MHz AMD 80C287 
10 MHz AMD 80EC287 

0 1 0 12 MHz, 33% Duty Cycle 12 MHz AMD 80C287 
12 MHz AMD 80EC287 

0 1 1 12 MHz, 50% Duty Cycle 12 MHz Intel80C287A 
1 0 0 16 MHz, 33% Duty Cycle 16 MHz AMD 80C287 

16 MHz AMD 80EC287 
1 0 1 16 MHz, 50% Duty Cycle Future Expansion 
1 1 0 Logic Low CLK287 Stopped low 
1 1 1 Logic High CLK287 Stopped high 

TABLE 5-1. CLOCK SELECTION REGISTER 

5.2 CLOCK SELECTION REGISTER 

The Clock Selection Register is addressed by the 
Address Selection Register bits 2-0 = 0 and address 
bits A2-AO = 7. See Table 4-1 and section 5.1. 

7 I 6 

Signal 
Name 

I 5 I 4 I 3 
RESERVED 

All signals 

2 I 1 I 0 

CLOCK CO-CPU 

Default After 
Master Reset 

o 
Bits 7-3 - Reserved for future use and should be 

programmed to O. 

Bits 2-0 - CLOCK CO-CPU 

These bits are used to select the desired fre
quency and duty cycle for supporting the 
80287 coprocessor. Refer to Table 5-1 for 
the bit configurations. 

5.3 SLEEP MODE 

For low power consumption, the internal oscillators 
may be individually disabled via the Clock Disable 
Register described in section 5.4. For minimum 
power consumption, a sleep mode is offered which 
disables the 48 MHz clock, KBCLK, CLK287, ATCLK, 
Parallel Port (PDO - 7), Data Bus (00-7), all outputs, 
all pullups and, except for CSO, CS1, CS2 and 
RESET, all inputs. Although KBCLK, CLK287, and 
ATCLK are disabled during sleep mode, their outputs 
are held low with small pulldown transistors. 

Sleep Mode is activated by hardware asserting all 
three Chip Selects (CSO, CS1 and CS2) simul
taneously. All registers are preserved in the sleep 
mode. Sleep Mode is deactivated when one or 
more of the Select signals are de-asserted. 

ADVANCED INFORMATION 11/19/91 6-29 



WD76C30lLV INTERRUPT, CLOCK AND MODE SELECTION REGISTERS 

@ 0 

2 

3 8 X I 

4 MU X 

5 

6 

7 0 I 2 

To 
IROSETO or I 

® Pulse extension not included in ROM8, RESCPU and A20GT paths. MXCTlO-2 

Pulse extension for IR08 lengthens positive pulse. 

Pulse extension for all other pins lengthens negative pulse. 

@ Inputs for 0-7 are the same as for input 3. 

FIGURE 5-1. INTERRUPT MUX BLOCK DIAGRAM 

5.4 CLOCK DISABLE REGISTER 

The Clock Disable Register is addressed by the 
Address Selection Register bits 2-0 = 1 and address 
bits A2-AO = 7. See Table 4-1 and section 5_1_ 

7 6 5 4 3 2 1 0 

ISPI ISPO AT KB OSC_ 
ClK ClK ClK ClK DIS 

Signal 
Name 

Default After 
Master Reset 

o All signals 

Bit 7 -ISP1_ClK, Internal Serial Port 1 Clock 

ISP1 ClK = 0-
Internal Serial Port 1 clock is not dis
abled. 

ISP1_ClK = 1 -
Internal Serial Port 1 clock is disabled. 

Bit 6 -ISPO_ClK, Internal Serial Port 0 Clock 

ISPO ClK = 0-
Internal Serial Port 0 clock is not dis
abled. 

ISPO_ClK = 1 -
Internal Serial Port 0 clock is disabled. 

Bit 5, 4 - Reserved and should be programmed to 0_ 

Bit 3-ATClK 

ATClK = 0-
ATClK is not disabled_ 

ATCLK == 1 -
ATCLK signal is held at a logic low_ 

Bit 2 - KBClK 

KBCLK = 0-
KBCLK is not disabled_ 

KBCLK = 1 -
KBCLK signal is held at a logic low_ 

Bit 1 - OSC_DIS, Oscillator Disable 

OSC_DIS = 0-
The 48 MHz oscillator is not disabled 
and, KBCLK, CLK287 and ATCLK are 
not frozen. 

OSC_DIS = 1 -
The 48 MHz oscillator is disabled and, 
KBCLK, CLK287 and ATCLK are frozen_ 

Bit 0 - Reserved and should be programmed to 0_ 

NOTE 
Asserting esa, eS1 and eS2 simultaneous
ly disables the 48 MHz oscillator. Upon 
removing the disabling of the 48 MHz oscil
lator, it restarts itself within 30 ms. Logic 
prevents the internal OSC Clock from start
ing again until the 48 MHz oscillator is run
ning at full amplitude. 
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5.5 MODE SELECTION REGISTER 

The Mode Selection Register is addressed by the 
Address Selection Register bits 2-0 = 5 and address 
bits A2-AO = 7. See Table 4-1 and section 5.1. 

7 6 5 4 3 2 1 0 

PUD ATPS2 ATPS2 SP 
INT PP FIFO 

Signal 
Name 

Default After 
Master Reset 

o All signals 

Bits 7-4 - Reserved and should be programmed to O. 

Bit 3 - PUD, Power-up Power-down 

PUD must always be high when powering 
down the ports by turning off Voo. 

PUD = 0-
The serial and parallel ports are in the 
power-up mode. 

PUD = 1 -
The serial and parallel ports are in the 
power-down mode (see Tables 3-2 and 
6-11). 

With the exception of addresses 011 
and 111 of the parallel port, all registers 
are reset. Also~ following signals 
are disabled: DTRO, DTR1, RSTO, 
RSTI, SOUTO, SOUT1, PDO-7, BIDEN, 
ERROR, SLCT, PE, ACK, BUSY, INIT, 
SUN, STB AND AFD. 

Bit 2 - ATPS2_INT, PC/AT PS/2 Parallel Port 
Interrupt 

ATPS2_INT = 0 -
The Parallel Port Interrupt signal is 
PC/AT compatible. 

ATPS2_INT = 1 -
The Parallel Port interrupt signal is PS/2 
compatible. 

Bit 1 - ATPS2_PP, PC/AT PS/2 Parallel Port 

ATPS2_PP = 0 -
The Parallel Port Bus is configured as a 
PC/AT compatible Parallel Port. 

ATPS2 PP = 1 -
The Parallel Port Bus is configured as a 
PS/2 extended Parallel Port. 

Bit 0 - SP _FIFO, Serial Port FIFO 

. SPJIFO= 0-
Both Serial Ports are configured to 
operate in non-FIFO mode (Character 
Mode). 

SP FIFO = 1 -
- Both Serial Ports can operate in the 

FIFO mode if the applicable FEWO is 
set to 1. The FEWO bit is located in the 
FIFO Control Register described in sec
tion 3.9. The following boolean equa
tion illustrates how to select the Charac
ter Mode or FIFO Mode. 

Character Mode = FEWO + SP _FIFO 
FIFO Mode = FEWO. SP JIFO 

5.6 INTERRUPT MULTIPLEXER 

The WD76C30/LV provides the logic required to inter
face the PC/AT interrupt request lines with the 
WD7XC10 Single Chip AT Controller. The WD7XC1 0 
generates input signals MXCTL2 - 0 and the 
WD76C30/LV uses these signals to select the IRO 
inputs. Table 5-3 identifies the multiplexing sequence 
for the IROSETO and IROSET1 signals. The output 
of the sampled IRO inputs are provided on the 
IROSETO and IROSET1 outputs (see Figure 5-2 
IROSET). 

Negative pulse extension logic widens negative pul
ses on twelve of the sixteen MUX inputs. They are 
I R03-7, IR09-12, IR014,15 and KBINT. Positive 
pulse extension logic widens a positive pulse on IR08. 
The pulse width is extended by five positive going 
edges on MXCTLO from the leading edge of the pulse 
or three positive going edges on MXCTLO from the 
trailing edge of the pulse, whichever lasts longer. Note 
that pulses in the opposite direction that don't include 
three rising MXCTLO edges are never seen on 
IROSETO or IROSET1. None of this pulse extension 
logic applies to RESCPU, ROM8 or A20GT (see 
Figure 5-1 Interrupt Mux Block Diagram). 
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When the appropriate bits in the Serial Port 0 Inter
rupt Selection Register (see section 5.?) are set to 
the Stand Alone Mode, the interrupt multiplexing 
logic is disabled. IROSETO and IROSET1 are 
defined in. Table 5-2. The Serial Port 0 Interrupt 
Selection Register and Serial Port 1 Interrupt Selec
tion Register are used to assign Serial Port Inter
rupts to IRO MUX inputs. The Parallel Port Interrupt 
Selection Register is used to assign the Parallel Port 
Interrupt to one IRO MUX input. 

IROSETO = Serial Port 0 Interrupt (tri-state 
enabled by bit 3 of the Modem 
Control Register) 

IROSET1 = Serial Port 1 Interrupt (tri-state 
enabled by bit 3 of the Modem 
Control Register) 

IRO? Parallel Port Interrupt (tri-state 
enabled by bit 4 of the parallel 
port Write Control Register) 

TABLE 5-2. STAND ALONE MODE 

MXCTL 
2 1 0 IROSETO 

0 0 0 IR08 
0 0 1 IR09 
0 1 0 IR010 
0 1 1 IR011 
1 0 0 ROM8 
1 0 1 RESCPU 
1 1 0 IR014 
1 1 1 IR015 

MXCTL 
2 1 0 IROSET1 

0 0 0 IR012 
0 0 1 KBINT 
0 1 0 A20GT 
0 1 1 IR03 
1 0 0 IR04 
1 0 1 IR05 
1 1 0 IR06 
1 1 1 IRO? 

TABLE 5-3. MXCTL2 - 0 
IROSETO -1 MULTIPLEXING 

8 ROM 

IRQ 8, 9 - 11 

CPU RES 

IRQ 14, 15 

MX CTLO - 2 

IRQ 12 

NT KBI 

IRQ 3 - ? 

A20 GT 

I ROSETO 

I ROSET1 

FIGURE 5-2. IRQSET - WHEN NOT IN STAND 
ALONE MODE 
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5.7 SERIAL PORT 0 INTERRUPT 
SELECTION REGISTER 

The Serial Port 0 Interrupt Selection Register is 
addressed by the Address Selection Register bits 2-0 
= 2 and address bits A2-AO = ? See Table 4-1 and 
section 5.1. 

Signal 
Name 
All signals 

Default After 
Master Reset 

o 
Bits 7-4 - Reserved and should be programmed to O. 

Bits 3-0 - SPO_INT_SEL, Serial Port 0 Interrupt 
Select . 

These bits determine which IRQ MUX input is 
to be replaced by the internal Serial Port 0 
Interrupt. The Stand Alone Mode may also 
be selected by these bits and applies to all 
ports. 

Bits 4 and 3 of the Modem Control Register 
(refer to section 3.10) must be set as follows: 

EN = (MCR bit 4 = 0 • bit 3 = 1) 

EN B3 B2 B1 BO Serial Port 0 
Interrupt Selection 

X 0 0 0 0 Disabled 
1 0 0 0 1 IRQ3 
1 0 0 1 0 IRQ4 
1 0 0 1 1 IRQ5 
1 0 1 0 0 IRQ6 
1 0 1 0 1 IRQ? 
1 0 1 1 0 IRQiO 
1 0 1 1 1 IRQ11 
1 1 0 0 0 ROMS 
1 1 0 0 1 IRQ15 
X 1 1 1 1 Stand Alone Mode 

All other combinations are reserved. 

5.8 SERIAL PORT 1 INTERRUPT 
SELECTION REGISTER 

The Serial Port 1 Interrupt Selection Register is 
addressed by the Address Selection Register bits 2-0 
= 3 and address bits A2-AO = 7. See Table 4-1 and 
section 5.1. 

Signal 
Name 
All signals 

10 

Default After 
Master Reset 

o 
Bits 7-4 - Reserved and should be programmed to O. 

Bits 3-0 - SP1_INT_SEL, Serial Port 1 Interrupt 
Select 

These bits determine which IRQ MUX input is 
to be replaced by the internal Serial Port 1 
Interrupt. 

Bits 4 and 3 of the Modem Control Register 
(refer to section 3.10) must be set as follows: 

EN = (MCR bit 4 = 0 • bit 3 = 1) 

EN B3 B2 B1 BO Serial Port 1 
Interrupt Selection 

X 0 0 0 0 Disabled 
1 0 0 0 1 IRQ3 
1 0 0 1 0 IRQ4 
1 0 0 1 1 IRQ5 
1 0 1 0 0 IRQ6 
1 0 1 0 1 IRQ7 
1 0 1 1 0 IRQ10 
1 0 1 1 1 IRQ11 
1 1 0 0 0 ROMS 
1 1 0 0 1 IRQ15 

All other combinations are reserved. 

NOTE 
The Serial Port 1 I nterrupt Selection 
Register has priority over the Serial Port 0 
Interrupt Selection Register. That is, 
Serial Port 1 interrupt replaces the Serial 
Port 0 interrupt when both registers select 
the same interrupt. The interrupts are not 
ORed. 
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5.9 PARALLEL PORT INTERRUPT 
SELECTION REGISTER 

The Parallel Port Interrupt Selection Register is 
addressed by the Address Selection Register bits 2-0 
= 4 and address bits A2-AO = 7. See Table 4-1 and 
section 5.1. 

1
7

1
6 

15 1
4

1
3 PP_I~_SEL 1 

o 

Signal 
Name 

Default After 
Master Reset 

All signals o 
Bits 7-4 - Reserved and should be programmed to o. 

Bits 3-0 - PP _INT_SEL, Parallel Port Interrupt 
Select 

These bits determine which IRQ MUX input is 
to be replaced by the internal Parallel Port 
Interrupt. 

IRQ_ENS is bit 4 of the Parallel Port Control 
Register (refer to section 4.3) and must be 
set to 1. 

IRQ 83 82 81 80 Parallel Port -EN Interrupt Selection 

X 0 0 0 0 Disabled 
1 0 0 0 1 IRQ3 
1 0 0 1 0 IRQ4 
1 0 0 1 1 IRQ5 
1 0 1 0 0 IRQ6 
1 0 1 0 1 IRQ7 
1 0 1 1 0 IRQ10 
1 0 1 1 1 IRQ11 
1 1 0 0 0 ROM8 
1 1 0 0 1 IRQ15 

All other combinations are reserved. 

NOTE 
The Parallel Port Interrupt Selection 
Register has priority over both of the Serial 
Port Interrupt Selection Registers. That 
is, the Parallel Port interrupt replaces the 
Serial Port 0 or 1 interrupt when the 
registers select the same interrupt. The 
interrupts are not ORed. 

5.10 VERSION REGISTER 

The Version Register is a read only register and 
contains the ones-compliment of the version of the 
WD76C30/LV. FF hex represents Revision A, S 
and C. FE hex is revision D. 

The Version Register is addressed by the Address 
Selection Register bits 2-0 = 6 and address bits 
A2-AO = 7. See Table 4-1 and section 5.1. 

Signal 
Name 
All signals 

Version Number 

Default After 
Master Reset 

X 

6-34 ADVANCED INFORMATION 11/19/91 



ELECTRICAL SPECIFICA TlONS WD76C30lLV 

6.0 ELECTRICAL SPECIFICATIONS 
This section provides the AC Timing Characteristics for both the WD76C30 and WD76C30LV, and the DC 
Operating Characteristics for the WD76C30. Refer to the appendix for the DC Operating Characteristics 
for the WD76C30LV. 

6.1 MAXIMUM RATINGS - WD76C30 

Temperature Under Bias ....................... O'C (32'F) to 70'C (158'F) 

Storage Temperature .......................... -65'C (-85'F) to + 150'C (302'F) 

All Input or Output Voltages with respect to Vss ..... -0.5V to +7.0V 

Power Dissipation ............................ 300 mW 

NOTE 
Maximum limits indicate where permanent device damage occurs. 
Continuous operation at these limits is not intended and should be 
limited to those conditions specified under DC Operating Charac
teristics. 

6.2 CAPACITANCE - WD76C30 

Ta = 25'C (7TF), f = 1.0 MHz, VccA = 5.0V, VccB = 5.0V, Vss = OV 

SYMBOL CHARACTERISTIC TYP. MAX. UNITS 
TEST 

CONDITIONS 

Cxin Clock Input 15 20 pF fc = 1 MHz 
Capacitance 

Cxout Clock Output 20 30 pF 
Capacitance 

Cin Input Capacitance 6 10 pF Unmeasured Pins 
Returned to Vss 

Cout Output Capacitance 10 20 pF Unmeasured Pins 
Returned to Vss 

TABLE 6-1 CAPACITANCE 
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6.3 DC OPERATING CHARACTERISTICS -
WD76C30 

ELECTRICAL SPECIFICA TIONS 

Ta = O°C (32°F) to +70°C (158°F), VDD = +5V ±5%, VDD2 = +5V ±5% 
Vss = OV, unless otherwise specified. 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
TEST 

CONDITIONS 
Vilx Clock Input Low -0.5 0.8 V 

Voltage 

Vihx Clock Input High 2.0 Vee V 
Voltage 

Vii Input Low Voltage -0.5 0.8 V 

Vih Input High Voltage 2.0 Vee V Except MXCTL2-0 
2.3 Vcc V MXCTL2-0 

Vol Output Low Voltage 0.4 V 101 = 4.0 mA on OBO-OB7. 
101 = 24 mA on POO-PD? 
101 = 20 mA on INIT, STB ,SLlN, AFO (j) 
101 = 2.0 mA on other outputs. 

Voh Output High Voltage 2.4 V loh = -0.4 mAon OBO-OB7. 
loh = -15.0 mA on POO-P07. 
loh = -0.55 mA on INIT, AFO, STB, 

SUN. 
loh = -0.2 mA on other outputs. 

Icc Power Supply Current 80 mA Vee = 5.5V 
MSTRX1 = 48 MHz 
All other inputs = 5.5V. 
All outputs floating 
Baud Rate = 512K. 
Serial Port CLK = 8 MHz. 

lil@ Input Leakage ±15 ).lA Vee = 5.5V, Vss = O.OV. 
All other pins float. 

lei Clock Leakage Vin = O.OV, 5.5V. 

Idl Data Bus Leakage ±10 ).lA Vout = O.4V, Vout = 4.5V 
(DB and PO) Data Bus in High Impedance State. 

loz Tristate Leakage ±20 ).lA Vee = 5.5V, GNO = OV, 
Vout = O.OV, 5.5V. 

--
Vii (RES) Reset Schmitt Vii 0.8 V 

Vih (RES) Reset Schmitt Vih 2.3 V 

TABLE 6-2. DC OPERATING CHARACTERISTICS 

(j) The SLlN, AFO, STB and INIT outputs are all open collector with 2.5K to 3.5K Ohms internal pull-up 
resistors. In PS/2 mode IRQ7 is also an open collector. When in Vol state, each input sinks a minimum 
of 10 mAo 

@ RESCPU, IRQ3 - 7, IRQ8, IRQ9 - 12, IRQ14 -15, ROM8, A20GT, KBINT, AND CS1 have nominally 300 
).lA pullups. The~ullups, along with all others, are disabled when the 48 MHz oscillator is disabled by 
asserting CSO, CS1, and CS2 simultaneously. The pulldowns on KBCLK, ATCLK, and CLK287 are 
enabled when the three chip selects are low and sink 40 mA min. 
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6.4 AC OPERATING CHARACTERISTICS 
AND TIMING WD76C30/LV 

Ta = O°C (32°F) to + 70°C (158°F), Voo = +5V ± 5%, Voo2 = +5V ± 5% WD76C30 
Vss = OV, Voo = Voo2 = 3.3V ±10% WD76C30LV 

Table 6-1 lists the timing categories and their Figure and Table number. 

FIGURE TABLE 
FIGURE TITLE NUMBER NUMBER 

6-1 6-4 Receiver Timing 

6-2 6-5 Transmitter Timing 

6-3 6-6 MODEM Control Timing 

6-4 6-7 Read Cycle Timing 

6-5 6-7 Write Cycle Timing 

6-6 6-4 RCVR FIFO Signaling Timing for First Byte 

6-7 6-4 RCVR FIFO Signaling Timing after First Byte 
(RBR already set) 

6-8 6-8 Parallel Port Timing 

6-9 6-8 Parallel Port Interrupt Timing 

6-10 6-9 Clock Generation Timing 

6-11 6-10 Interrupt MUX Timing (A) 

6-12 6-10 Interrupt MUX Timing (B) 

TABLE 6-3. TIMING FIGUREITABLE NUMBERS 
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RCLK 

SAMPLE CLOCK 
, 
, , 

ELECTRICAL SPECIFICA TlONS 

, , , 
8 CLOCKS "i~ 16 CLKS~ 

~ ~tSCD : 

~)~ 
SIN (RECEIVER 
INPUT DATA) 

, 

----.\ START ~ BITS 5 - 8 

\'r-r~ 1-.-----,---:1 i---r-----,-----r--\) y-SAMPLE CLOCK 

, , , 

:.-tSINT ---.j 

------------------~j )~ 
INTERRUPT 

*IOR 
(READ REC. 
DATA BUFFER) 

*See Read Cycle Timing 

FIGURE 6-1. RECEIVER TIMING 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tSCD Delay from RCLK @ to 2 /ls 
Sample Time 

tSINT Delay from 17 (j) RCLKI2: 
Stop to Set Interrupt Cycles 

tRINT Delay from lOR 250 ns 
(RD RBR) Reset 
Interrupt 

TABLE 6-4. RECEIVER TIMING 

~tRINT :.-\ : 

TEST 
CONDITIONS 

100 pF Load 

100 pF Load 

(j) When receiving the first byte in FIFO Mode, tSINT (only for timeout or trigger level interrupt) will be 
delayed 19 RCLK cycles, except for a timeout interrupt where tSINTwili be delayed 24 RCLK cycles. 

@ RCLK is an internal clock used for sampling serial in data. RCLK is equivalent to 16 times the baud 
rate clock. 
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SOUT (TRANSMITTER ' ,START DATA BITS 5 - 8 
OUTPUT DATA) :: 

~--~----------~ -....! :""-tIRS , . 
THRE (INTERRUPT) ~ 

tHR -.: L..--...: :1-tSI , " 

• lOW (WR THR) U 
•• lOR (RD IIR) 

• See Write Cycle Timng 
•• See Read Cycle Timing 

, , 
~: , 

\ 
, , 

LJ 

FIGURE 6-2. TRANSMITIER TIMING 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tHR Delay from lOW 175 ns 
(WR THR) to 
Reset Interrupt 

llRS Delay from initiallNTR 8 24 TCLK CD 
Reset to Transmit start Clock 

Cycles 

lSI@ Delay from Initial 16 24 TCLK CD 
Write to Interrupt Clock 

Cycles 

tSTI Delay from Stop to 8 8 TCLK CD 
Interrupt (THRE) Clock 

Cycles 

tlR 
-

Delay from lOR 250 ns 
(RD IIR to Reset 
Interrupt (THRE) 

TABLE 6-5. TRANSMITIER TIMING 

, 
ISTI :.-, 

I 

TEST 
CONDITIONS 

100 pF Load 

100 pF Load 

\ , , , 

CD TCLK is an internal clock used for sending serial out data. TCLK is equivalent to 16 times the baud 
rate clock. 

@ In FIFO mode tSI might extend to beginning of Stop Bit. See Line Status Register for details. 
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• lOW (WR MCR) IL.. ___ -'I \'------l 
-: 

RTS, DTR \L-_____ ----..J! 
CTS, DSR, RLSD ------'I \I-.~------

---..: tSIM -.: tSIM 

IRQSET 

•• lOR (RD MSR) 

RI 

• See Write Cycle Timing 
See Read Cycle Timing 

\'---_---Jv 

FIGURE 6-3. MODEM CONTROL TIMING 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
TEST 

CONDITIONS 

tMDO 
--

Delay from lOW 200 ns 100 pF Load 
(WR MeR) to Output 

tSIM Delay to Set Interrupt 250 ns 100 pF Load 
from MODEM Input 

tRIM DelaY..!Q... Reset Interrupt 250 ns 100 pF Load 
from lOR (RD MSR) 

TABLE 6-6. MODEM CONTROL TIMING 
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: .... O(f--------- Re ~' 

es ~~ ________________ ~! 

AO, A1, A2 j VALiD -rACA x,·---
, " 

,' .... o(f-----IDIC -----l~~: .... o(l---IDIW ~~ IRC ----.. 

-------------~' , \ !: ,'-------~ , lOR 
, 
:+- IDDD ~: :"IHZ": 

DATA DO - 07 ---------------------{\ VALID DATA }f-----

FIGURE 6-4. READ CYCLE TIMING 

... o(f--------- we .. : 
es ~'--_________ ___'/ 

~: IACW :+------, , , 

AO, A1, A2 ===X===================V=A=L=ID===============:==~X~ __ _ 

lOW 

DATA DO - 07 

, , ' 
' .... ""I------IDOC -----c .. ~:+------IDOW ~:~ IWC ~: 

------------~\~----~/~------
:+--IDS ---..:+IDH-': 

-------------~(~ ___ V_~_ID_DA_m ___ ~)~----

FIGURE 6-5. WRITE CYCLE TIMING 
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SYMBOL CHARACTERISTIC MIN MAX UNITS 
TEST 

CONDITIONS 

tDIW lOR Strobe Width 125 ns 1 TTL Load 

tRC Read Cycle Delay 125 ns 1 TTL Load 

RC Read Cycle = 300 ns 1 TTL Load 
tDIC + tDIW + 
tRC + 20 ns 

tHZ lOR to Floating 0 100 ns HTLLoad 
Data Delay 

tDOW lOW Strobe Width 100 ns HTLLoad 

twc Write Cycle Delay 150 ns HTLLoad 

WC Write Cycle = 300 ns HTLLoad 
+ tDOC + tDOW 
+ twc + 20 ns 

tDS Data Setup Time 30 ns 1 TTL Load 

tDH Data Hold Time 30 ns 1 TTL Load 

tDIC lOR DELAY from 30 ns 1 TTL Load 
Select or Address 

tDOC lOW Delay from 30 ns 1 TTL Load 
Select or Address 

tACR Address and Chip 20 ns 1 TTL Load 
Select Hold Time 
from lOR 

tACW Address and Chip 20 ns HTLLoad 
Select Hold Time 
from lOW 

tODD Delay from lOR to data 100 ns 1 TTL Load 

tMR Master Reset Pulse 1.0 Ils 1 TTL Load 
Width 

!PWRUP Delay from TTL Clock 50 Ils 
in to internal clock on 
power up. 

tOSCUP Delay from OSC clock 30 ms 
in to internal clock on 
power up. 

TABLE 6-7. READIWRITE CYCLE TIMING 
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SIN (SERIAL IN) \ I DATA BITS 5:~ 

SAMPLE CLOCK I I 
____ ~. __ _L. __ ~ __ ~~\>\--L---L-~--~---L----

FIFO TRIGGER 
LEVEL INTERRUPT 
FCR6 = O. FRC7 = 0 

LSINT 

lOR (LSR) 

------------~.--~!~----\ 
:_ tSINT ---: tRINT _: :_ 

------: _-----'I , \ ; , 
tRINT -. ~ 

LY-i 
, 

lOR (RDRBR) 
--------------~~ 

SIN (SERIAL IN) 

SAMPLE CLOCK 

FIFO TRIGGER 
LEVEL INTERRUPT 
FCR6 = 0, FRC7 = 0 

LSI NT 

lOR (RDLSR) 

lOR (RDRBR) 

FIGURE 6-6. RCVR FIFO SIGNAL TIMING FOR FIRST BYTE 

\ I DATABITS<~ 
_---L-I ---,-I_L--~\\--'--'-----'---'-----'-----'-_ 

:_ tSINT ---:,--____ -, 

- _____ ------'1 '\ 
tRINT -.: :+--, 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _, ______ ~1. _ ?~~F!~'?~ _ \L 
I I I I 

-JIo-; -+: :~tRINT 
, , 

LJACTIVE' ':: 
PREVIOUS: 
BYTE REAc( 

, :+- tS1NT , 

_____________ .FROM FIFO;-: ________ --\' 

FIGURE 6-7. RCVR FIFO SIGNAL TIMING AFTER FIRST BYTE 
(RBR ALREADY SET) 
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CS2 

£>'0, A1, A2 

BIDEN 

PDO - PD?, 
SLlN, INIT, 
AFD, STS 

*--
lOW 

or 

lOR 

ACK 

BUSY 

IRQ? 

}'---_____ ---I/ 
I I 

-------.~ I VALID X'-------
... :.1(--- tooc .' : 
I I 

: -.: tOIC 1 +- ; :~ tHO ---.: 
:~---------~,r------r----~:~..--~tp-O-H-~~',-J I I : 

:+ tLPO~\ i i ~ two x+r--' -~:r--------''t-
I: I : '--__ ~,:------..J 
:.- tpos --..: ,~ tOOW: ---+:.- tACW --....: 

I I I I I 

-------------;~: ------\ i ;fr-----~i---------
I I I I 

:+-- tOIW ----I .. ~:+_+_tACR----.: 
------------~\~ ________ ~rl ~'-------'---------I 

I ..... : 
(PC/AT compatible only) 

lOR 

* See serial port timing for set-up and hold for Write Cycle. 

** t Oil is the delay from the positive transition of lOW only when 
bit 4 of the Write Control Register (IRO Enable Bit) goes to O. 

This time also applies to IROSETO and 1 when bit 3 of MCRO and 1 goes to 0 respectively. 

FIGURE 6-8. PARALLEL PORT TIMING 

(Reading PPSR) \'--___ 1 
ACK 

IRQ? 
(PS/2 compatible only) \'----------'/ 
Open collector with internal pullup. 

FIGURE 6-9. PARALLEL PORT INTERRUPT TIMING 
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SYMBOL CHARACTERISTIC MIN MAX UNITS 
TEST 

CONDITIONS 

tooc lOW Oelay from Chip 30 ns 
Select and Address 

tOIC lOR Oelay from Chip 30 ns 
Select and Address 

two lOW H~to POO-PO?, 1 J-ls No External Pull-up 
SUN, IN IT, AFO, STB Resistor and 50 pF Load 

tHO BIOEN High to 120 ns 50 pF Load 
POO-PO? Tri-State 

tLPO BIOEN Low to 100 ns 50 pF Load 
POO-PO? Oelay 

tpOH POO-PO? Hold Time 100 ns 
from lOR 

tpos POO-PO? Set-up Time 100 ns 
from lOR 

toow lOW Strobe Width 100 ns 

tOIW lOR Strobe Width 125 ns 

tACW Chip Select and Address 20 ns 
Hold Time from lOW 

tACR Chip Select and Address 20 ns 
Hold Time from lOR 

tBSA BUSY Start to ACK 0 ns 

tBSY BUSY Width 100 ns 

tAK ACKWidth 100 ns 

tAl IRQ? Oelay from ACK 60 ns 50 pF Load 

tASI ACK to set interrupt 60 ns 50 pF Load 

tRRI Read Parallel Port 60 ns 50 pF Load 
Status Register (PPSR) 

tOil lOW to TriState 0 100 ns 50 pF Load 

TABLE 6-8. PARALLEL PORT TIMING 
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• tpH (min) • : .. tpL (min) .' • l1li( )0 . 
• • • 

J / \ 
FIGURE 6-10. CLOCK GENERATION TIMING 

CLOCK tpH tpL FREQUENCY MAX. EDGE DELAY ill 
TYPE min.ns. min.ns. MHz FROM MSTRX1 EDGE 

CLK287 SEL 
0 40 68 8 100 ns 
1 28 60 9.6 100 ns 
2 20 50 12 100 ns 
3 35 35 12 100 ns 
4 14 35 16 100 ns 
5 25 25 16 100 ns 

KBCLK 50 33 9.6 100 ns 
ATCLK 27 25 16 100 ns 

MSTRX1 8 8 48 N/A 

TABLE 6-9. CLOCK GENERATION TIMING 

ill All 50 pF loads 
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MXCTLO - 2 ______ ~X~ ______________________________________________ __ 

*RESCPU _______ ~--------------------~~,'----------------------------ROMS, A20GT A_ 

I ROSETO, 1 ______ ~------~XL------------r_----~XL----------------, 
I 
I 

~ IMUX2 .... ;o(f----

* Spikes of 10 n s or less on inputs are suppressed. 

FIGURE 6-11. INTERRUPT MUX TIMING - A 

~ tMUX6 :.-~tMJX6 i+--! . .. ,,----------
MXCTLO 

Pins: u ...... ----
IROSETO,1 I \ 1lllliDmOOloowmmoomwlooi 

tMUX! ~ :.-- ~ 

Pins: IR03-7, IR09-12, IROI4, IROI5, KBINT, IR08 (IR08 PIN INVERTED) 
* Spikes of IOns or less are suppressed 

FIGURE 6-12. INTERRUPT MUX TIMING - B 
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SYMBOL CHARACTERISTIC MIN MAX UNITS 
TEST 

CONDITIONS 

tMUX1 Delay from MUX 25 ns 50 pF load 
control change 

tMUX2 Delay from MUX 125 ns 50 pF load 
input going low 

tMUX3 Rising MXCTLO clock 3 5 
edges required 

'MUX4 Rising MXCTLO clock 5 
edges required 

'MUX5 MUX input setup 100 ns 
time 

'MUX6 MXCTLO-2 pulse width 40 ns 

'MUX7 Pins pulse width 75 ns 

TABLE 6·10. INTERRUPT MUX TIMING 
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PIN SIGNAL CD INPUT/ @ SERIAL® @ FULL ® 
NUMBER NAME OUTPUT PARALLEL POWER DOWN 

POWER DOWN 

50 DTRO 0 OZ OZ 

83 DTR1 0 OZ OZ 

49 RTSO 0 OZ OZ 

84 RTS1 0 OZ OZ 

82,51 SOUT1,0 0 OZ OZ 
40 ATCLK ®® O,P 0, PZ OZ, PL 

38 CLK287 ®® O,P 0, PZ OZ, PL 

37 KBCLK ®® O,P 0, PZ OZ, PL 

2,1 IRQSET1,0 0 0 OZ 

23 IRQ? I,O,P 1,0, PH IX, OZ, PZ 
57-62, PD7-0 1,0 IX,OZ IX,OZ 
65, 66 
76 BIDEN ® I, P IX, PZ IX, PZ 
71 

~RROR 
I IX IX 

72 SLCT IX IX 
74 PE IX IX 
75 ACK I IX IX 
73 BUSY I IX IX 
69 INIT I,O,P IX, OZ, OZ IX, OZ, OZ 
70 SLiN O,P IX, OZ, PZ IX, OZ, PZ 
67 STB 0, P IX, OZ, PZ IX, OZ, PZ 
68 AFD 0, P IX, OZ, PZ IX, OZ, PZ 
48 CSO I I 
46 CS2 
47 CS1 P I, PH I, PZ 
53 RLSDO IX 
52 CTSO IX IX 
54 RIO IX IX 
55 DSRO IX IX 
81 CTS1 IX IX 
80 RLSD1 IX IX 
79 RI1 IX IX 
78 DSR1 IX IX 
77, 56 SIN1,0 IX IX 
6-4 MXCTL2-0 I IX 
8-11 IRQ3-6 P I, PH IX, PZ 
12 IRQ8 P I, PH IX, PZ 
13-15,19 IRQ9-12 ,P I, PH IX, PZ 
17, 18 IRQ14,15 I, P I, PH IX, PZ 
16 ROM8 I, P I, PH IX, PZ 
20 A20GT I, P I, PH IX, PZ 

TABLE 6-11. STATE OF PINS AT POWER DOWN 
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PIN 
NUMBER 

21 
7 
32-24 
41 
42 
43-45 
36 
35 
34 

® 
BUFFER TYPE 

I = Input buffer 
o = Output buffer 
P = Pullup or pulldown 

SIGNAL 
NAME 

KBINT 
RESCPU 
07-0 
lOW 
lOR 
A2-AO 
RESET 

MSTRX1 ® 
MSTRX2 

ELECTRICAL SPECIFICATIONS 

CD INPUT/ @ SERIAL® @ FULL® 
OUTPUT PARALLEL POWER DOWN 
BUFFER POWER DOWN 

I, P 
I, P 
1,0 
I 
I 
I 
I 
1,0 
0 

@ POWER DOWN STATE 

OZ = Tri-state output 
o = Driven output 

OH = Output driven high 
OL = Output driven low 
OB = Output driven to oscillator 

BIAS point 

I, PH IX, PZ 
I, PH IX, PZ 
1,0 IX,OZ 
I IX 
I IX 
I IX 
I I 
I,OB I,OH 
0 OL 

I = Input enabled 
IX = Input disabled, consumes 

no power, input between 
OVand 5V 

PH = Pullup enabled 
PL = Pulldown enabled 
PZ = Pullup or pulldown disabled 

@ Serial/Parallel Power Down: PUD = 1 (bit 3 of the Mode Selection Register described in section 5.5). 
Full Power Down: CS2, CS1 and CSO on pins 46,47 and 48 are low simultaneously. This has priority 
over PUD. 

@ When driven by a TIL oscillator, MSTRX1 requires an input low current (Iii) of approximately 1 mAo 
To eliminate this in full power down mode, the TIL oscillator driving MSTRX1 must be disabled or 
driven to +5 volts. 

@ KBCLK and ATCLK can be programmed to stop with their outputs remaining low. Stopping is not 
synchronous and is separate from what happens during a full power down. 

® CLK287 can be programmed to stop with its output remaining high or low. Stopping is synchronous 
and is separate from what happens in full power down. 

(J) When entering full power down, the drivers for KBCLK, ATCLK and CLK287 are tri-stated and are 
driven low by a pulldown FET that is only enabled during a full power down. This FET sinks a minimum 
of 451lA, and drives the output low when connected to a CMOS input. Stopping is not synchronous. 

® BIDEN has an external pullup so that applications requiring a high can leave it floating. 

TABLE 6-11. STATE OF PINS AT POWER DOWN ConI. 
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7.0 PACKAGE DIMENSIONS 
Figure 7-1. Illustrates the 84-Pin PLCC package showing the dimensions in inches. 
Figure 7-2. Illustrates the 84-Pin PQFP package showing the dimensions in inches. 

LOCATING 
CHAMFER 

1.18511.195 
30.099/30.353 

0.16510.200 +O,004f-O.OOO 016510.200 +.0041-.000 
~ SEATING PLANE ~ SEATING PLANE 

~:~~~---
8 PLCS 

PIN NO.1 I.D. 

OPTION 
-A-

mPINNO.1I.D. 

0.022 
0.045 DIA. 

~~~~==~=lt~ 
T.i43 

SPOT POLISHED 

~~;;;" 

OPTION C 

FIGURE 7-1. 84-PIN PLCC PACKAGE 
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+, 
o 
co ...., 

,800 : ,003 

1---- .650 -: .003 

+-----.780:" .005 

1------ .800 (REF) ------+1 

1-1-10041 A I --.---.400_ 

OPTION - A-

.140 ! .005 

PACKAGE DIMENSIONS 

Detail of the bumper with the 
lead already cut and formed 

Lead configuration 
after cut & forming 

~.014MAX 

~.068 MIN 

.025MI~11 
--oil- .0081.010 

OPTION - C-

OPTION - B-

FIGURE 7-2. 84-PIN PQFP PACKAGE 
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CRYSTAL MANUFACTURES (Partial List) 

8.0 CRYSTAL MANUFACTURES 
(Partial List) 

American lime Products Division 
Frequency Control Products, Inc. 
Woodside, New York 11377 

Bliley Electric Company 
Eire, Pennsylvania 16508 

Cryster Crystals 
Whitby, Ontario 

Erie Frequency Control 
Carlisle, Pennsylvania 17013 

Q-Matic Corporation 
Costa Mesa, California 92626 

8.1 CRYSTAL SPECIFICATIONS 

Series resonant frequency 48.0 MHz 
tolerance at 25° C ±50 PPM 

Series resonant frequency 48.0 MHz 
tolerance at 0° C TO 70° C ±100PPM 

Mode of oscillation Third over-
tone 

Adjacent spurious frequency 20 db down, 
min. 

Effective series resistance 80 ohms, 
max. 

Shunt capacitance 5 pf max. 

Drive level at room temperature 2000 
microwatts 

Operating temperature 0° C to 70° 

Insulation resistance 500M 

C 

ohms/DC100V 

EXTERNAL 
CLOCK 

OPTIONAL 
CLOCK 
OUTPUT 

DRIVER 

OPTIONAL 
DRIVER 

MSTRX1 

WD76C30lLV 

Voo2 

I 

~,--,--I.i C_" ~DiSable L'-------;,y~ ..... : 
...... 

TIMING MIN UNITS 

tXH 8 ns 
t XL 8 ns 

FIGURE 8-1. EXTERNAL CLOCK INPUT 
(48 MHz MAX.) 

Power up time after disable = 30 ms max 

INTERNAL 
OSC 
CLOCK 

Disable 

FIGURE 8-2. TYPICAL CRYSTAL 
OSCILLATOR NETWORK 
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APPENDIX - A 

A.O WD76C30LV DC ELECTRICAL SPECIFICATIONS 

A.1 WD76C30LV MAXIMUM RATINGS 

Temperature Under Bias ...................... O°C (32°F) to 70°C (158°F) 

Storage Temperature ......................... -65°C (-85°F) to + 150°C (302°F) 

All Input or Output Voltages with respect to Vss ..... -0.1 V to +4.5v except for parallel/serial port 
-0.5V to +7.0V for parallel/serial port 

Power Dissipation ........................... 180 mW 

NOTE 
Maximum limits indicate where permanent device damage occurs. 
Continuous operation at these limits is not intended and should be 
limited to those conditions specified under DC Operating Charac
teristics. 

A.2 CAPACITANCE 

Ta = 25°C (7TF), f = 1.0 MHz, VccA = 3.3V, VccB = 3.3V, Vss = OV 

VeeA and VeeB are tied to VDD2. 

SYMBOL CHARACTERISTIC TYP. MAX. UNITS 
TEST 

CONDITIONS 

Cxin Clock Input 15 20 pF fc = 1 MHz 
Capacitance 

Cxout Clock Output 20 30 pF 
Capacitance 

Cin Input Capacitance 6 10 pF Unmeasured Pins 
Returned to Vss 

Cout Output Capacitance 10 20 pF Unmeasured Pins 
Returned to Vss 

TABLE A·1 CAPACITANCE 
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A.3 DC OPERATING CHARACTERISTICS 

Ta = O°C (32°F) to +70°C (158°F), Voo = Voo2 = +3.3V ±10% 
Vss = OV, unless otherwise specified. 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

Vilx Clock Input Low -0.3 0.8 V 
Voltage 

Vihx Clock Input High 2.0 Vcc V 
Voltage +.3 

Vii Input Low Voltage -0.3 0.8 V 

Vih Input High Voltage 2.0 Vcc V 
IRQ Mux control +.3 V 

Vol Output Low Voltage 0.4 V 

TEST 
CONDITIONS 

Except MXCTL2-0 
MXCTL2-0 

101 = 2.0 mA on DBO-DB7. 
101 = 12 mA on PDO-PO? 
101 = 12 mA on IN IT, STB ,SUN, AFD CD 
101 = 2.0 mA on other outputs. 

Voh Output High Voltage 2.4 V loh = -0.4 mAon DBO-DB7. 
Parallel Port loh = 0.5 mA on PDO-PO? 
Printer Interface loh = -0.55 mAon INIT, AFD, STB, 

SUN. 
loh = -0.2 mA on other outputs. 

Icc Power Supply Current 50 mA VDO = 5.0V, Voo2 = 3.3V 
MSTRX1 = 48 MHz 
All other inputs = 3.3V 
All outputs floating 
Baud Rate = 512K 
Serial Port CLK = a MHz. 

lil@ Input Leakage ±15 )..LA Vcc = 3.3V, Vss = O.OV 
All other pins float. 

lei Clock Leakage Vin = O.OV, 3.3V 

Idl Data Bus Leakage ±10 )..LA Vout = 0.1 V, Vout = 3.0V 
(DB and PO) Data Bus in High Impedance State. 

loz Tristate Leakage ±20 )..LA Vcc = 3.3V, GND = OV, 
Vout = O.OV, 3.3V 

--
Vii (RES) Reset Schmitt Vii o.a V 

Vih (RES) Reset Schmitt Vih 2.0 V 

TABLE A-2. DC OPERATING CHARACTERISTICS 

CD The SUN, AFD, STB and INIT outputs are all open collector with 2.5K to 3.5K Ohms internal pull-up 
resistors. In PS/2 mode IRQ7 is also an open collector. When in Vol state, each input sinks a minimum 
of 10 mAo 

@ RESCPU, IRQ3 - 7, IRQa, IRQ9 - 12, IRQ14 - 15, ROM8, A20GT, KBINT, AND CS1 have nominally 300 
)..LA pullups. The~ullups, along with all others, are disabled when the 48 MHz oscillator is disabled by 
asserting CSO, CS1, and CS2 simultaneously. The pulldowns on KBCLK, ATCLK, and CLK287 are 
enabled when the three chip selects are low and sink 40 mA min. 
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INTRODUCTION 

1.0 INTRODUCTION 
The WD771 0 is the second generation single chip 
AT solution based on the WD76C10A core. It is 
fabricated in 0.9 micron CMOS. The WD771 0 
provides 8 Kbytes of direct-mapped or two-way 
set associative lookaside caching, a page-inter
leaved memory controller, and enhanced power 
management features. Figure 1-1 shows the block 
diagram of the WD771 O-based system. 

The standard version of the WD7710 operates 
from 5 VDC (±10%) supplies. An extended low
power version, the WD7710lP, can operate with 
3.3 VDC (±O.3V) or 5 VDC (±0.5V). 

1.1 DOCUMENT SCOPE 

This document describes the function and operation 
of the WD771 0 and WD771 OlP System Controller 
devices. It includes the description of external 
logic necessary for efficient use of these devices. 
In most instances the WD7710 and WD7710lP 
operate similarly and are referred to in this docu
ment as the System Controller. Where there are 
differences, the devices are identified specifically. 

1.2 FEATURES 

• Software and pin compatible with WD76C10A 

• 8Kbyte on-chip cache for 80386SX 

- Direct map or 2 way set-associative 

- Self timed Integrated RAM arrays 

- Programmable non-cacheable regions 

- Diagnostic mode to test Tag and Data 
Ram 

- Flush command 

- 25 Mhz zero wait state cache hit 

• ROM may be shadowed and/or cached 

• Supports Static CPU for power savings in 
sleep mode 

WD771 O/WD7710LP 

• Supports extra wait state for page mode 

• Operates at speeds of 16 MHz, 20 MHz and 
25 MHz. 

• Interfaces with 80286, or 80386SX CPUs. 

• Supports memory in four banks with 64 Kbits, 
256 Kbits, 1 Mbits or 4 Mbits DRAMs. Also 
supports new 512k x 8, 1 M x 16 and 2M x 8 
DRAM configurations. 

• Page mode zero wait state access at 25 MHz 
with 70 ns DRAM. 

• Supports up to 16 Mbyte of real memory, or 32 
Mbyte of EMS memory. 

• Maintains controlled propagation delay for 
80386SX reset. 

• Employs an internal self-tuning delay line for 
DRAM control. 

• Self-adjusting output drivers minimize output 
rise/fall time variations and reduces EMI and 
ground noise. 

• DRAM address multiplexer drives 350 pF with 
adjustable strength drivers. 

• Main and VGA BIOS may be mapped into one 
physical PROM. 

• Advanced 64 Kbyte and 128 Kbyte ROM 
shadowing allows main BIOS and video BIOS 
shadowing along with 320 Kbyte and 256 
Kbyte remap to extended or expanded memory. 

• Offers additional power saving modes: 

- Slow Refresh 

- Stop DMA Clock 

• Parity generation and checking. 

• 132-pin PQFP package 

• 3.3V low power operation 

• I/O Pin mapping for testability 

• low power 0.9 micron CMOS technology. 
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WD7710/WD7710LP 

Additional features of WD7710LP only: 
• Provides System Activity Monitor (SAM). 

• Provides power control with suspend and 
resume. 

• Provides processor stop clock. 

• Features CAS before RAS slow refresh for 
portable applications. 

• Offers automatic processor clock speed 
switching. 

• 3V Suspend to hard disk 

1.3 GENERAL DESCRIPTION 

The WD771 0 is designed for use in a high perfor
mance desktop AT computer using an 80286 or 
80386SX processor up to 25 MHz. The 
WD7710lP has the features of the WD7710 and 
is designed to operate in a high-performance 
notebook/laptop AT compatible computer using an 
80286 or 80386SX processor. 

1.3.1 WD771 0 

The WD7710 contains a high-performance memory 
controller with programmable modes of operation. It 
supports non-page, zero wait state read and write 
memory control. A maximum of four banks of 64 
Kbit, 256 Kbit, 1 Mbit, 4 Mbit or 16 Mbit DRAM may 
be controlled, allowing up to 16 Mbytes of real or 32 
Mbytes EMS (Expanded Memory Specification) 
memory. Any combination of DRAM sizes may be 
used. In addition, the WD771 0 controls page mode 
DRAM or static column DRAM with page mode 
operation. 

The on-board memory can be allocated either 
to extended or EMS memory in 128 Kbyte in
crements. Forty EMS registers support EMS 4.0 
multitasking. 

INTRODUCTION 

An internal self-tuning delay line is used for DMA 
and Bus Master memory cycles. Delay line infor
mation is also used to adjust the strength of the 
output drivers. This stabilizes the output rise and 
fall times, which reduces ground noise and 
electromagnetic interference (EMI). 

EMS access to external RAM or ROM may be 
used to support Kanji or other extended character 
sets. 

The WD771 0 interfaces with either an 80286 or 
80386SX processor. The processor type is auto
matically sensed at power-up. No extra logic is 
required to interface with the 80386SX. The varia
tion in processor reset propagation delay is con
trolled to meet the strict reset timing of the 
80386SX. 

1.3.2 WD7710LP 

In addition to supporting all the features of the 
WD771 0, the WD7710lP also supports portable 
notebook/laptop computers. To provide this sup
port, the WD7710lP makes use of Power 
Management Control (PMC) for powering down 
peripherals or the processor, which includes 
processor stop clock, slow clock, automatic 
processor clock speed switching modes and CAS 
before RAS slow refresh. Suspend and resume is 
supported when low power DRAM is refreshed 
while the processor and other power consuming 
devices are turned off. The power drain for the 
core logic and VGA controller is less than 5 mA in 
this mode. Power and clock speed may be con
trolled by the keyboard processor, transparently to 
the 80286 or 80386SX. 

The System Activity Monitor (SAM) provided by 
WD7710lP is a transparent feature that replaces 
the functions previously performed by software. It 
determines when the system has been idle for a 
previously programmed period of time and deter
mines a clean break point in which to perform 
powerdown activities such as suspend. 
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WD7710/WD7710LP ARCHITECTURE 

2.0 ARCHITECTURE 
All versions of the System Controller are com- 2.2 AlBUS 
prised of eight major blocks: 

• Initialization and clocking 

• AT bus 

• 80286/80387SX processor control 

• 80287/80387SX numeric processor 
control 

• Data bus 

• Memory and EMS control 

• Power Management Control 
(WD7710lP only) 

• Register File 

• Cache control 

Sections 2.1 through 2.10 provide an overview of 
these blocks and are described in more detail in 
sections 4 through 10. 

2.1 INITIALIZATION AND CLOCKING 

At power up, the System Controller receives the 
RSTIN signal, which it uses to reset the AT bus 
and assert CPU RES and NPRST to reset the 
main and numeric processors. The processor 
and AT bus resets are held fo~rocessor 
clocks beyond the removal of the RSTIN signal. It 
is at this time that the type of processor in use 
(80286, 80287 or 80386SX, 80387SX) is deter
mined by examining the S1 [W/R#] signal. 

ClK14 is a 14.318 MHz clock for the 8254 
compatible timers and is switched by the 
WD76C20 to 32 KHz during a suspend and 
resume operation. 

BClK2 is used to generate an 8 MHz or 10 MHz 
bus clock and may also be used as the source for 

The AT bus provides the logic necessary to control 
the system clock, memory read and write access, 
1/0 read and write cycles, data bus direction, data 
and interrupt requests and speaker driver. 

2.3 MAIN PROCESSOR CONTROL 

At the termination of reset, this block determines 
whether the local processor is an 80286 or 
80386SX by examining the S1 [W/R#] signal. This 
block also controls whether the CPUClK is to be 
an input or output. While both devices have the 
ability to reduce the processor clock rate, only the 
WD7710lP has the ability to stop the clock to the 
processor. The WD7710lP also has the ability to 
power down the processor, at which time it tris
tates the CPUClK, READY, HOLD, INTRO and 
NMI signals. 

2.4 NUMERIC PROCESSOR CONTROL 

Both System Controllers support an 80287 or 
80387SX processor. 

2.5 DATA BUS 

The Data Bus is a 16-bit (two bytes) bidirectional 
bus that connects to the processor's, System 
Controller, DRAM, and to AT data bus 
transceivers. The parity of each DRAM byte is 
indicated by DPl and DPH. 

the main processor clock, CPUClK. 2.6 MEMORY AND EMS CONTROL 

7-4 

This block controls the access to 16 Mbytes of 
real memory or 32 Mbytes of expanded memory. 
Both versions of the System Controller supports 
non-page mode memory and independent two
way interleave page mode access to the DRAM 
banks. 
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ARCHITECTURE 

2.7 POWER MANAGEMENT CONTROL 

The Power Management Control (PMC) is internal 
logic which interfaces with external multiplexers 
and latches. Only the WD7710lP makes full use 
of the PMC. It has the ability to power down only 
the main processor or the main processor and 
peripherals, conserving power essential to portable 
notebook/laptop computers. When in a power 
down state, the WD771 OlP tristates the CPUClK, 
READY, HOLD, INTRQ and NMI output signals to 
the main processor. Also contained within this 
functional block are the SMI and SAM logic. 

2.8 REGISTER FILE 

The register file provides software control of the 
interface signals. The function of each register is 
described in the same section as the logic block 
which it controls. Some registers, such as the Bus 
Timing and Power Down Control Register at Port 
1872H, serve more than one area. In this in
stance the register description appears only in 
one section but is referred to in all appropriate 
sections. 

The registers, and the section in which they are 
described, are listed in Table 2-1. 

In most cases, the registers are addressed by all 
16 address bits, A15. through AOO. Within the 
text, when the address is expressed as a three 
digit number, i.e., 092H - AlT A20 GATE and 
HOT RESET, only address bits A09 through AOO 
are used, A 15 through A 10 are ignored. If the ad
dress is expressed as a four digit number, all 16 
address bits are used. 

With the exception of the EMS Registers at port 
E072H and E872H and Port 70H Shadow 
Register at E472H, all registers located at Ports 
1072H through FC72H are locked and inacces
sible until unlocked by performing an eight bit I/O 
write of DA to the lock/Unlock Register at Port 
F073H. Writing anything other than DA locks the 
registers. The lock/unlock status can be deter
mined by reading the lock/Unlock Status Register 
at Port FC72H twice. If the T bit (bit 15) toggles, 
the registers are unlocked. If the registers are 
locked, the read cycle is directed to the AT bus, 
and the data is undetermined. 

WD7710/WD7710LP 

2.8.1 Lock Status Register 

Port Address FC72H - Read only 

Bits 11 through 03 are particularly useful in laptop 
applications by allowing the suspend/resume 
software to restore correct status to on-board 
devices. 

15 14 I 13 I 12 11 I 10 I 09 I 08 

T Not Used DMA#2 

CH31CH21CH11CHO 

07 I 06 I 05 I 04 03 02 I 01 I 00 

DMA#1 P4 Not Used 

CH31 CH21 CH1 I CHO 

Signal 
Name 

All signals 

Bit 15 - T, Toggle 

Default 
At RSTIN 

None 

Changes state after every read of this port. 

Bits 14-12 - Not used, state is ignored 

Bits 11-08 - DMA #2, Channel Enable 

This field represents the state of the Enable 
Bit (Mask) for channels 3 through 0 of DMA 
Controller #2. For a description of the Mask 
Registers, refer to section 5.4.11. 

1 = Channel enabled 

o = Channel disabled 

Bits 07-04 - DMA #1, Channel Enable 

This field represents the state of the Enable 
Bit (Mask) for channels 3 through 0 of DMA 
Controller #1. For a description of the Mask 
Registers, refer to section 5.4.11. 

1 = Channel enabled 

o = Channel disabled 

Bit 03 - P, Parallel Port Direction 

The P bit represents the state of the Direction 
Bit (bit 5) of the parallel port Write Control 
Register. For a description of this bit, refer to 
the WD76C30 Data Book, section 4.3 

Bits 02-00 - Not used, state is ignored 
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2.8.2 Lock/Unlock Register 

Port Address F073H - Write only 

15 14 13 1 12 1 11 110 09 08 

Not Used 

07 06 -5 I 04 I 03 I 02 I 01 I 00 

I UUL= DA-

Signal Default 
Name At RSTIN 

All signals . None 

Bits 15-08 - Not used, state is ignored 

Bits 07-00 - UUL, Lock/Unlock 

UUL= DA-
11011010 unlocks the registers, allowing 
read and write access to the registers. 
Refer to Table 2-1 for the registers 
capable of being locked. 

UUL* DA-
Anything other than 11011010 locks the 
registers. Any attempt to access a locked 
register liD port address goes to the AT 
bus rather than the locked register. 

ARCHITECTURE 

2.9 Cache Control 

This functional block contains the 8Kbyte in
tegrated cache (both tag and data RAM) as well 
as cache control logic. 
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FIGURE 2-1. WD7710 AND WD7710LP BLOCK DIAGRAM 
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PORT LOCK! 
ADDRESS REGISTER NAME UNLOCK SECTION 

(HEX) 

000 - OOF CD DMA Control #1 (Channel 0:3) No 5.4,5.6, 
020 - 021 @ Interrupt Controller #1 No 5.5 
040 Timer 0, Time Of Day No 5.7 
041 Timer 1, Refresh No 5.7 
042 Timer 2, Speaker No 5.7 
043 Control Word No 5.7 
060 - 06E even Keyboard Controller No 8.5, Table 8-1 
061 - 06F odd Port B Parity Error And I/O Channel Check No 5.9 
070 - 07E even Real-Time Clock Address Register No 5.8.1 
071 - 07F odd Real-Time Clock Data Register No 5.8.2 
080 - 09F (except 092H) DMA Page Registers No 5.6.4 
092 AL T A20 Gate and Hot Reset No 5.8.3 
OAO - 0A1 @ Interrupt Control Slave #2 No 5.4,5.6 
OCO" ODE·CD DMA Control #2 (Channel 4:7) No 5.4 
OOFO Clear 287 Busy No 5.3.2 
00F1 Reset 287/387SX No 5.3.3 
1072 CPU Clock Control Yes 4.2.4 
1872 Bus Timing And Power Down Control Yes 5.3.1 
2072 Refresh Control, Serial And Parallel Chip Selects Yes 8.1 
2872 Chip Selects Yes 8.2 
3072 Programmable Chip Select Address Yes 8.3 
3872 Memory Control Yes 6.2.1 
3C72 DMA Shadow Register 1 Yes 9.14 
4072 Non-page Mode DRAM Memory Timing Yes 6.3.1 
4472 DMA Shadow Register 2 Yes 9.14 
4872 Bank 1 And Bank 0 Start Address Yes 6.2:2 
4C72 DMA Shadow Register 3 Yes 9.14 
5072 Bank 3 And Bank 2 Start Address Yes 6.2.2 
5872 Split Start Address Yes 6.2.3 
5C72 Reserved 
6072 RAM Shadow And Write Protect Yes 6.2.4 
6472 Reserved 
6872 EMS Control And Lower EMS Boundary Yes 6.4.1 
6C72 Reserved 
7072 PMC Output Control 7:0 Yes 9.3 
7472 Reserved 
7872 PMC Output Control 15:8 Yes 9.3 
7C72 Reserved 
8072 PMC Timers Yes 9.4 
8872 PMC Inputs 7:0 Yes 9.5 
8C72 Reserved 
9072 NMI Status Yes 9.7 
9472 Reserved 
9872 Diagnostic Yes 10.1 
9C72 Reserved 
A072 Delay Line Yes 10.2 

TABLE 2-1. REGISTER INDEX 
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ARCHITECTURE WD771 OIWD7710LP 

PORT LOCK! 
ADDRESS REGISTER NAME UNLOCK SECTION 

(HEX) 

A472 Reserved 
A872 Test Enable Yes 10.3 
AC72 Reserved 
B072 Activity Monitor Control Yes 9.11 
B872 DMA Control Shadow Yes 5.4.15 
C072 High Memory Write Protect Boundary Yes 6.2.5 
C872 PMC Interrupt Enables Yes 9.6 
D072 Serial/Parallel Shadow Register Yes 9.8 
D472 Interrupt Controller Shadow Yes 9.9 
D872 Activity Monitor Mask Yes 9.12 
DC72 Test Status Yes 10.4 
E072 EMS Page Register Pointer No 6.4.2 
E472 Port 70H Shadow No 9.10 
E872 EMS Page Register No 6.4.3 
F072 48 MHz Oscillator Disable Yes 8.5, Table 8-1 
F472 48 MHz Oscillator Enable Yes 8.5, Table 8-1 
F872 Cache Flush Yes 8.4 
FC72 Lock Status Yes 2.8.1 
F073 Lock/Unlock No 2.8.2 

CD See Table 5-4. DMA Controller/Channel Function Map 
® See Table 5-6. Interrupt Controller Function Map 

TABLE 2-1. REGISTER INDEX (cont.) 
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WD7710/WD7710LP SIGNAL DESCRIPTION 

3.0 SIGNAL DESCRIPTION 
The signals are listed according to their pin according to their application and described in 
number in Table 3-1. The signals are grouped Table 3-2. 

PIN NAME PIN NAME PIN NAME PIN NAME 
1 RA5/E05 34 EPEREO 67 VSS 10() A10 

2 VCC 35 NPRST 68 011 101 VCC 

3 RA4/E04 36 LOMEG 69 VCC 102 A9 
--

4 RA3/E03 37 MEMW 70 012 103 A8 

5 VSS 38 MEMR 71 013 104 A7 
-

6 RA2/E02 39 lOW 72 014 105 A6 

7 RA1/E01 40 lOR 73 015 106 A5 
-

8 RAO/EOO 41 BHE 74 OT/R 107 A4 
--

9 CASH2 42 NPERR 75 OEN1 108 A3 
--

10 CASL2 [WIRO] 43 PEACK [O/C] 76 OENO 109 A2 
-- -

11 RAS2 44 MilO 77 SYSCLK 110 IROSET1 
----

12 CASH3 [CAS IN] 45 so [AOS#] 78 CPURES 111 IROSETO 
-

13 CASL3 [PEl 46 S1 [W/R#] 79 BALE 112 MXCTLO 
-- --

14 RAS3 47 READY 80 A23 113 MXCTL1 

15 OPH [CS4] 48 HLOA 81 A22 114 MXCTL2 
--

16 OPL [CS3] 49 HOLD 82 A21 115 CSEN 

17 RSTIN 50 BCLK2 83 lOCK 116 OACKEN 

18 OROIN 51 ROYIN [CKA] 84 CLK14 117 POREF 
[PEl 

19 IOCHROY 52 CPUCLK 85 NPBUSY 118 PMCIN 
-

20 ZEROWS 53 BUSYCPU 86 AO [BLE#] 119 W/R 
-- --

21 IOCS16 54 NMI 87 A1 120 CASHO 

22 MEMCS16 55 INTRO 88 A20 121 CASLO 
--

23 SPKR 56 DO 89 A19 122 RASO 
--

24 SAO 57 01 90 A18 123 CASH1 
--

25 LA20 58 02 91 A17 124 CASL1 
--

26 MASTER 59 03 92 A16 125 RAS1 

27 ALE 60 04 93 A15 126 RA10 [CS2] 

28 AEN 61 05 94 A14 127 RA9 [CS1] 

29 SO EN 62 06 95 A13 128 RA8 [CSO] 
-

30 SOT/R [486] 63 07 96 A12 129 VSS 

31 VCC 64 08 97 A11 130 RA7/E07 

32 REFRESH 65 09 98 VSS 131 RA6/E06 

33 VSS 66 010 99 VSS 132 VSS 

Note: SOme pins are multi-functional depending upon the mode of operation. The alternate signal for these pins is 
enclosed In brackets. 

TABLE 3-1. PIN ASSIGNMENTS 
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SIGNAL DESCRIPTION WD771 O/WD771 OLP 

PIN MNEMONIC 1/0 DESCRIPTION 

INITIALIZATION AND CLOCKING 

84 CLK14 I Clock 14 
CLK14 is derived from a 14.318 MHz crystal and is used internally for 
the 8254 compatible timers. CLK14 is externally switched to 32 KHz 
during a suspend and resume. 

17 RSTIN I System Reset In 
RSTIN drives a CMOS input level Schmitt Trigger and is used to 
reset the entire system at powerup. For a detailed description, see 
Section 4, Initialization and Clocking. 

50 BCLK2 I Bus Clock 
BCLK2 is used to generate an 8 MHz or 10 MHz expansion bus 
clock. For an 8 MHz bus, BCLK2 is a 16 MHz or 32 MHz input sig-
nal. For a 10 MHz bus clock, BCLK2 is a 20 or 40 MHz input signal. 
BCLK2 may also be used to drive the processor clock. 

AT BUS 

110 IROSET1 I Interrupt Request Set 1 
IROSET1, along with MXCTL2 - 0, selects one of the of the follow-
ing: A20GT, IR01, IR03 - IR07, IR012. Refer to Table 5-1 and Fig-
ure 5-1. 

111 IROSETO I Interrupt Request Set 0 
IROSETO, along with MXCTL2 - 0, selects one of the following: 
ROM8, RESCPU, IR08, IR09 -IR011, IR014 and IR015. Refer to 
Table 5-1 and Figure 5-1. 

114-112 MXCTL2:0 0 Multiplexer Control 2-0 
MXCTL2 - MXCTLO, along with DROIN, DACKEN, IROSET1, 
IROSETO and PMCIN, control the external multiplexer for the selec-
tion of DROs, DACKs, IROs, ROM8, A20GT and RESCPU. Refer to 
Table 5-1 and Figu re 5-1. 

115 CSEN 0 Chip Select Enable 
When CSEN is asserted, DPH, DPL, and RA 1 0-RA8 are used to 
generate one of 28 different chip selects. Refer to Table 8-1. 

116 DACKEN 0 DACK Enable 
When DACKEN is asserted, MXCTL2-0 are used to generate 
DACK7-5, 3-0 and BUS RST. Refer to Table 5-1 and Figure 5-1. 

18 DROIN I Multiplexed ORO Inputs 
DROIN, along with MXCTL2 - 0, selects one of the DROs or 
CLOCK_DIR_IN. Refer to Table 5-1 and Figure 5-1 

19 10CHRDY I/O 1/0 Channel Ready 
Indicates extra wait states are required for the AT bus cycles. 

TABLE 3-2. SIGNAL DESCRIPTION 
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WD771 O/WD771 OLP SIGNAL DESCRIPTION 

PIN MNEMONIC I/O DESCRIPTION 

20 ZEROWS I Zero Wait States 
Indicates the current AT bus cycle can be finished in zero wait state. 

21 IOCS16 I 16-Bit I/O Cycle 
Inicates the I/O device on the AT bus is a 16-bit slave. 

22 MEMCS16 I 16-Bit Memory Cycle 
Indicates that the memory device on the AT bus is a 16-bit slave. 

23 SPKR 0 Speaker 
SPKR drives the speaker transistor. 

24 SAO I/O System Address 0 
When not in Master Mode, SAO is an output and is asserted by the Sys-
tem Controller to place address 00 on the AT Bus SAO line.when in 
Master Mode, SAO is an input and is asserted by the Bus Master to 
place address on AD. 

25 LA20 I/O Early Address 20 
When not in Master Mode, LA20 is an output and is asserted by the 
System Controller to place address 20 on the AT Bus LA20 line. 
When in Master Mode, LA20 is an input and is asserted by the Bus 
Master to place address on A20. 

26 MASTER I Master 
MASTER is asserted by the Bus Master to indicate that a Bus 
Master cycle is occurring. This causes LA20, SAD, MEMR, MEMW, 
lOR, and lOW to be selected as input signals. 

27 ALE 0 Address Latch Enable 
ALE is used to clock the SA 1 - SA 19 address latches. 

28 AEN 0 Address Enable 
AEN is asserted by the System Controller while performing OMA 
and Refresh cycles. 

29 SO EN 0 Swap Data Enable 
SOEN enables the data transfer between high and low bytes of the 
AT Bus. 

TABLE 3-2. SIGNAL DESCRIPTION (Continued) 
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SIGNAL DESCRIPTION WD771 O/WD771 OLP 

PIN MNEMONIC I/O DESCRIPTION 

30 SOT/A 1/0 Swa~Data Transmit/Receive [80486] 
SOT/R controls the direction Qf the buffer between the low byte and 
high byte of the AT bus. SOT/R is tristated by a 50K pullup resistor 
interni!1 to the WD791 0 when RSTIN at pin 80 is low. 
SDT/R Mod~ - Output 
When SDT/R is high, it direc!§ data from the low byte of the AT Bus 
to the high byte. When SDT/R is low, it directs d§!!a from the ~ 
byte of the AT bus to the low byte. Forcing SDT/R high while RSTIN 
is low selects the SDTii=Lmode. Holding SOT/A high as RSTIN goes 
high maintains the SDT/R mode. 
80486 Mode - Input 
Selecting 80486 mode sets the SRC bit in Port 1072H to 1. This 
causes RDYIN at Pin 51 to be the default processor clock source 
input. 
Forcing SDTIB low while RSTIN is low selects the 80486 mode. 
holdiQ£! SDT/R low as RSTIN goes high, maintains the 80486 mode. 
SDT/R pin may be forced low at reset with a 5K pulldown resistor or 
an open collector or tristate driver driven by RSTIN. 

32 REFRESH 1/0 Refresh 
As an output, REFRESH is asserted by the System Controller to 
refresh memory on the AT Bus. 
As an inRut, REFRESH is asserted by the Bus Master in conjunc-
tion with MEMR to refresh memory on the AT Bus and DRAM con-
trolled by the System Controller. 

36 LOMEG 0 First Megabyte 
LOMEG is asserted when the AT bus address is below 
1 Mbyte. 

---
37 MEMW 1/0 Memory Write 

MEMW is an output and it is asserted by the System Controller 
when a memory write access to the AT bus is to take place. It is an 
input during Master mode. 

38 MEMR 1/0 Memory Read 
MEMR is an output and it is asserted by the System Controller 
when a memory read access to the AT bus is to take place. It is an 
input during Master mode. 

39 lOW 1/0 1/0 Write 
lOW is an output and it is asserted by the System Controller 
during processor or DMA access to indicate that an 1/0 write opera-
tion is to take place on the AT bus. lOW is an input during Master 
Mode. 

40 lOR I/O 1/0 Read 
lOR is an output and iit s asserted by the System Controller during 
processor or DMA access to indicate that an 1/0 read operation is to 
take place on the AT bus. lOR is an input during Master Mode. 

TABLE 3-2. SIGNAL DESCRIPTIONS (Continued) 
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WD7710/WD7710LP SIGNAL DESCRIPTION 

PIN MNEMONIC I/O DESCRIPTION 

74 DTiR 0 Data Transmit/Receive 
DT/R contrQls the direction of the AT Data Bus DOO through D15. 
When DT/!:! is high, data is directed to the AT Bus. 
When DTIR is low, data is transferred from the AT bus. 

75 DEN1 0 Data Bus Enable 1 
When asserted, DEN1 enables the high order byte data buffer. 

76 DENO 0 Data Bus Enable 0 
When asserted, DENO enables the low order byte data buffer. 

77 SYSCLK 0 System Clock 
In asynchronous bus mode, SYSCLK is equal to BCLK2 divided by 
two when BCLK2 is less than 28 MHz, and divided by four when 
BCLK2 is greater than 28 MHz. 
In synchronous bus mode, SYSCLK is equal to CPUCLK divided by 
two or four, depending on the programming. 

79 BALE 0 AT Bus Address latch Enable 
Address Latch Enable for the AT bus. BALE is synchronous with 
the Bus Clock (BCLK2). 

83 lOCK I I/O Channel Check 
When asserted, lOCK indicates a bus or memory error is on the AT 
bus and generates an NMI to the processor. 

MAIN PROCESSOR CONTROL 

4 BHE I/O Bus High Enable 
As an input, BHE indicates a transfer of the high byte on the proces-
sor data bus. BHE is an output during DMA transfers. 

43 PEACK [D/C#] I Processor Extension Acknowledge [Data Control] 
In the 80286 mode, pin 43 is PEACK. 
in the 80386SX mode, pin 43 is D/C#. 

44 MilO I Memory or I/O 
Processor Memory cycle or I/O Status cycle. 

45 SO [ADS#] I Processor Status 0 [Address Status] 
In the 80286 mode pin 45 is SO. 
in the 80386SX mode, this pin 45 is ADS#. 

46 S1 [W/R#] I Processor Status 1 [Write/Read] 
In the 80286 mode, pin 46 is S1. 
In the 80386SX mode, pin 46 is W/R#. 

47 READY 0 Processor Ready 
READY is an output to the processor 

48 HLDA I Hold Acknowledge 
Processor hold acknowledge. 

TABLE 3·2. SIGNAL DESCRIPTIONS (Continued) 
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SIGNAL DESCRIPTION WD771 O/WD771 OLP 

PIN MNEMONIC I/O DESCRIPTION 

49 HOLD 0 Hold Request 
Processor hold cycle request. 

51 RDYIN/CKA/PE I Processor Ready In / Alternate Clock / Parity Error 
The Memory Control Register at port address 3872H determines 
whether pin 51 is to be used as RDYIN, CKA or PE. 

--
RDYIN is used in a discrete cache system to indicate a hit or miss. 

CKA is used as a source for the CPU clock. 

PE indicates a parity error from an external memory controller 

52 CPUCLK I/O Processor Clock 
CPUCLK speed and whether it is to be an input or output, is 
selected by the CPU Clock Control Register at Port Address 1072H. 
It is normally selected as an output to drive the processor but may 
be selected as an input from an external processor clock driver. 

54 NMI 0 Non-maskable Interrupt 
Processor non-maskable interrupt cycle request. 

55 INTRO 0 Interrupt Request 
Processor interrupt cycle request. 

78 CPU RES 0 Main Processor Reset 
CPU RES is a synchronous processor reset signal. 

80 - 82 A23:A21 I/O Processor Address A23-AOO [Bus Low Enable] 
88 - 97 A20:A11 A23 through Ai are address lines from the 80286 or 80386SX. AO is 
100 A10 address bit AO for the 80286, BLE# for the 80386SX. AD is control-
102 - 109 A9:A2 led by SAO (AT bus pin 24) during Master Mode operations. 
87 Ai 
86 AD [BLE#] A21, A 19 through Ai are outputs during refresh and DMA cycles; 

they are inputs in other modes. 

A20 and AO are outputs during refresh, DMA and Master Mode 
cycles; they are inputs in other modes. 

NUMERIC PROCESSOR CONTROL 

85 NPBUSY I Numeric Processor Busy 
Busy signal from the numeric processor 80287 or 80387SX. 

34 EPERO 0 Extend PERO 
PERQ extend signal to the 80386SX for IRQ13 handling. Used only 
for the 80386SX. 

35 NPRST 0 Numeric Processor Reset 
Reset to the numeric processor 80287 or 80387SX. 

TABLE 3-2. SIGNAL DESCRIPTIONS (Continued) 
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WD7710/WD7710LP SIGNAL DESCRIPTION 

PIN MNEMONIC I/O DESCRIPTION 

42 NPERR I Numeric Processor Error 
Error signal from the numeric processor 80287 or 80387SX. 

53 BUSYCPU 0 Coprocessor Busy 
Coprocessor Busy signal to the processor. 

DATA BUS 

15 DPH[CS4] I/O Data Parity High Byte [Chip Select 4] 
For DRAM cycles, DPH is the high byte parity bit. For I/O cycle, 
CS4 is bit four of the encoded chip select bus. 

16 DPL[CS3] I/O Data Parity Low Byte [Chip Select 3] 
For DRAM cycles, DPL is the low byte parity bit. For I/O cycle, CS3 
is bit three of the encoded chip select bus. 

73 -70 D15-D12 I/O Data Bits 15 through 0 
68 D11, The Data Bits are connected directly to the Local and Numeric 
66 - 56 D10 - DO processors, DRAM data and AT Bus data transceivers. 

MEMORY AND EMS CONTROL 

119 WiR 0 Write /Read 
WiR is high ~hen writing to memory and low when reading from 
memory. W/R should be buffred before use. 

126 RA10/CS2 0 DRAM Address Bits 11 through 8 
127 RA9/CS1 Chip Select Bits 2 through 0 
128 RA8/CSO The DRAM Address Bus is multi-functional. During DRAM cycles, 

RA 11 through RAO select the DRAM row and column. 

130 RA7/ED7 I/O DRAM Address Bits 7 through 0 
131 RA6/ED6 EDATA Bits 7 through 0 
1 RA5/ED5 During I/O cycles, CS2 through CSO, along with CS4 and CS3, are 
3 RA4/ED4 decoded by external logic to one of 32 possible Chip Selects. ED7 
4 RA3/ED3 through EDO represents the data from such devices as the Key-
6 RA2IED2 board Controller on the EDATA bus. 
7 RA1/ED1 
8 RAO/EDO 

14 RAS3 0 Row Address Select Bits 3 through 0 
11 thru RAS3 through RASO are designed to access the DRAM without the 
125 RASO use of external drivers. 
122 

TABLE 3-2. SIGNAL DESCRIPTIONS (Continued) 
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SIGNAL DESCRIPTION WD771 O/WD 771 OLP 

PIN MNEMONIC 1/0 DESCRIPTION 

12 CASH3 I/O Column Address Select High 3 through 0 
[CASIN] CASH3 [CAS IN] is tristated by a 50K pullup resistor internal to the 

WD7710 when RSTIN at pin 17 is low. 
9 CASH2 0 
123 CASH1 0 CAS Output Mo~ 
120 CASHO 0 CASH3 through CASHO operate as output signals and are designed 

to access the DRAM without the use of external drivers. Forcing 
CASH3[CASIN] high while RSTIN is low, selects the CASH3 Output 
Mode. Holding CASH3[CASIN] high as RSTIN goes high, maintains 
the CASH3 Output Mode. 

CAS Input Mode 
In this mode, pins 12, 13 and 10 function as in~s controlled by 
CASIN, PE and WIRQ. CASH2, CASH1, and CASHO remain output 
signals. 

Forcing CASH3 [CAS IN] low while RSTIN is low, selects the CAS 
Input Mode. Holding CASH3 [CASIN] low as RSTIN goes high, 
maintains the CAS Input Mode. 

The CASH3 [CASIN] pin may be forced low at reset with a 5K 
pulldown resistor or an open collector or tristate driver driven by 
RSTIN. 

--
13 CASL3 [PEl I/O Column Address Select Low 3 [Parity Error} 
10 CASL2 [WIRQ] 110 Column Address Select Low 2 [Weitek Interrupt] 
124 CASL1 0 Column Address Select Low 1 and 0 
121 CASLO 0 

CAS Output Mo~ 
CASL3 through CASLO are designed to access the DRAM without 
the use of external drivers. 

CAS Input Mode - PE 
When CAS Input Mode is selected by [CASIN] on pin 12, and bits 
13 and 12 of Port 3872H are both 1, pin 13 becomes an input and 
represents a parity error. A parity error is indicated by the low to 
high transition of the PE signal. 

CAS Input Mode - WIRQ 
When CAS Input Mode is selected by [CASIN] on pin 12, pin 10 be-
comes an interrupt signal which is typically connected to IRQ13, the 
error signal of a Weitek coprocessor. When WIRQ goes from low to 
high, an IRQ 13 is generated to the system. 

TABLE 3-2. SIGNAL DESCRIPTIONS (Continued) 
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WD7710/WD7710LP SIGNAL DESCRIPTION 

PIN MNEMONIC 1/0 DESCRIPTION 

POWER MANAGEMENT CONTROL 

117 NPDREF I Power-down Refresh 
NPDREF is a 64 KHz signal from the WD771 O. During power-
down, NPDREF is passed internally to pin 98 (REFRESH). 

118 PMCIN I Power Management Control Input 
PMCIN is used to sample eight PMC inputs. See Table 5-1 and Fig-
ure 5-1. 

MISCELLANEOUS 

5,33,67, VSS I Ground 
98,99, 

129, 132 

2,31,69, VCC I +5 Volts 
101 

TABLE 3-2. SIGNAL DESCRIPTIONS (Continued) 
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INITIALIZATION AND CLOCKING 

4.0 INITIALIZATION AND CLOCKING 
This section describes the system Master Reset 
(RSTIN) operation, control of internal clock 
(CLK14), bus clock (SYSCLK) and the processor 
clock (CPUCLK). 

4.1 POWER UP RESET 
~=~ The system reset signal, NRSTIN, is generated 

externally at power up and is used to reset the 
entire system. When asserted, the System Con
troller outputs the CPU RES signal to reset the 
Main Processor. At this time the System Control
ler also resets the AT bus by asserting DACKEN 
and MXCTL2-0 = 100, which are decoded exter
nally as BUS_RST (DACK4), see sections 5.1, 
5.1.1, Table 5-1 and Figure 5-1. An external RC 
circuit can be used to extend the time that RSTIN 
is asserted until the power supply reaches a 
proper level. CPU RES and the AT bus reset sig
nals are de-asserted 84 clock pulses after RSTIN 
reaches its switching threshold. It is during the 
reset period that the type of processor is detected 
by examining the state of the S1 signal. If S1 is 
asserted, the System Controller enters the 
80386SX mode. If S1 is de-asserted, it enters the 
80286 mode. If an 80386SX has been detected, 
BUSYCPU is asserted so that the processor may 
perform its self-test operation immediately follow
ing the power up reset. 

4.2 CLOCKING 

The System Controller makes use of five clocks, 
CLK14, BCLK2, CPUCLK, CKA and SYSCLK. 
Figure 4-1 shows how the clocks interact with 
each other and the register used to select the 
clock and speed. 

4.2.1 Internal Clock (CLK14) 

CLK14 is an input signal from a 14.318 MHz 
crystal and is used for the control of the 8254 
compatible timers. CLK14 is switched by the 
WD7710 to 32 KHz during save and resume 
operations. 

WD7710/WD7710LP 

4.2.2 System Bus Clock (SYSCLK) 

The AT bus is driven by the SYSCLK, which is 
derived from either the BCLK2 or CPUCLK, as 
selected by the Bus Timing Register at Port 
Address 1872H. SYSCLK is always one half or 
one fourth the value of the selected input clock 
(refer to Figure 4-1). 

4.2.3 Processor Clock (CPUCLK) 

The processor clock may be an output or input, 
depending on whether the System Controller 
generates CPUCLK or an external oscillator is 
used. At speeds higher than 50 MHz, CPUCLK 
may need to be generated by an external oscil
lator, making it possible to control the processor 
duty cycle more closely. At lower speeds, the 
System Controller may use BCLK2 to generate 
CPUCLK or, in a system without discrete cache, 
the System Controller may use CKA to generate 
CPUCLK. 

During reset, CPUCLK is an output. 

If the CPUCLK is initially placed in the input 
mode, it may be changed to the output mode 
by writing to the PMC Control Register at Port 
Address 7872H. The PMC control output 0 tris
tates the external clock oscillator. A processor 
reset (CPURES) is automatically generated 
during the clock switching process. 

When the CPUCLK is an output, it may be 
stopped by SCHH or SCH (CPU Clock Control 
Register - bits 01 or 00, at Port Address 1 072H) or 
divided down by CLK_SPD (bits 14-12). Only the 
WD7710LP supports the CPUCLK stop function. 
When CPUCLK is stopped, it is in phase two of 
the 80C286. CPUCLK is restarted by an NMI or 
IRO interrupt, qualified by the normal NMI and 
IRO masking circuitry or by an NMI generated 
PMC logic. 

There are two methods for slowing the processor 
execution rate to provide software compatibility 
with programs expecting a particular CPU speed, 
such as game software. One method is to divide 
the CPUCLK by a factor of 2, 4 or 8. Dividing the 
clock rate may also have an effect on the C?PU 
power consumption, so CLK_SPD also proVides 
some choices of clock duty cycle. The other 
method can be used when the CPUCLK is an 
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FIGURE 4-1. CLOCK CONTROL 

output or input and generated by an external os
cillator. In this case, EXT_HOLD is used to extend 
the hold request time to the processor after every 
refresh. 

In a system without a cache or external memory 
controller, pin 51 can be defined as Clock A (CKA) 

and used in place of the BCLK2. This choice is 
determined by SRC (CPU Clock Control Register 
bit 15 at Port Address 1072H). SRC is set auto
matically at power up reset, if a clock source is 
present at pin 51 (CKA). 
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INITIALIZATION AND CLOCKING 

4.2.4 CPU Clock (CPUClK) Control Register 

Port Address 1072H - Read and Write 

15 14 113 112 11 10 1 09 108 

SRC CLK_SPD AUT_ ALT_CLK_SPD 
FST 

07 1 06 1 05 1 04 03 02 01 00 

EXT_HOLD SCHH SCH 

Signal Default 
Name At RSTIN 
SRC .................. 0/1 
ClK_SPD ............... 0001001 
AUT FSTt ......... 0 
AlT ClK SPD t . . 000 
EXTEND HOLD 0000 
Bits 03, 02 None 
SCH t . . . . . . . . . . . . . 0 
SCHH t ............ 0 

t Featured only in the WD7710LP 

Bit 15 - SRC, CPUCLK Clock Source 

When CPUCLK is selected as an output by 
bits 14 - 12, SRC determines whether it is to 
be driven by BCLK2 or CKA. 

Default Value 

SRC is set to 0 and BLCK2 is used 
as the CPUCLK clock source if CKA 
does not change state within 64 
clocks after RSTIN is de-asserted. 

SRC is set to 1 and CKA is used as 
the CPUCLK clock source if CKA 
changes state within 64 clocks after 
RSTIN is de-asserted, or when 
operating in the 80486 Mode. The 
80486 Mode is selected by holding 
SOT/A low during RSTIN transition 
from low to high. 

SRC = 0-
BCK2 is the CPUCLK source. 

SRC = 1 -
CKA is the CPUCLK source. 

WD 771 O/WD771 OLP 

Bits 14-12 - ClK_SPD, CPUCLK Clock Speed 

CLK_SPD determines whether CPUCLK is to 
be an input or output. When selecting 
CPUCLK as an output, CLK_SPD also deter
mines the divisor and duty cycle values. The 
CLK_SPD *defaults to 000 or 001 at power 
up. Changing the CPUCLK from an input 
(CLK_SPD = 000) to an output automatically 
asserts the processor reset (CPU RES) and 
the CPUCLK Driver Enable from the PMC 
latch is forced low, tristating the external 
clock oscillator. One millesecond later, 
CPUCLK becomes active as an output. One 
millesecond and 16 CPUCLK clocks (or one 
millesecond) later, the CPU RES is de-as
serted. This method allows switching the 
clock source while tolerating glitches in the 
CPUCLK, generated due to the clock driver 
not being able to synchronously switch the 
clock. The one millesecond and 16 clocks or 
one millesecond selection is made through 
the Diagnostic Register at Port 9872H. 

CLK_SPD 
141312 

o 0 0 - CPUCLK pin is an input, 
speed determined by external 
driving source 
(* Default value). 

o 0 1 - CPUCLK pin is an output, 
source divided by 1 
(* Default value). 

o 0 - OUT, source divided by 2. 

o -OUT, source divided by 4, 
25% duty cycle. 

o 0 - OUT, source divided by 4, 
75% duty cycle. 

o - OUT, source divided by 8, 
12% duty cycle. 

o - OUT, source divided by 8, 
88% duty cycle. 

* Based upon the value of CLOCK_DIR_IN at 
power up (refer to Table 5-1, Figure 5-1 and 
section 5.1.2). 
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Bit 11 - AUT_FST, Automatic Processor Clock 
Speed Switching 
Featured only in the WD7710LP 

When automatic CPUCLK switching is enabled, 
the processor clock is switched between high 
and low clock speeds, depending upon activity. 
If the external TU RBO signal is de-asserted 
when auto switching is enabled, the CPUCLK 
is normally at the alternate clock or slower 
rate. When speedup activity occurs, the 
clock speed switches to the nominal clock 
rate, normally the higher, for a period of time 
determined by Table 4-2. When no further 
activity occurs, the clock speed switches 
back down to the alternate speed. If the ex
ternal TURBO signal is asserted, the clock 
rate is set to the nominal clock rate specified 
by the CLK_SPD field. 

A halt state also causes the clock rate to 
slow, unless the SCHH or SCH field is 
programmed to stop the clock. The clock 
restarts or returns to the faster rate when any 
interrupt occurs. 

Table 4-2 shows the activity that triggers a 
higher clock rate. 

AUTJST = 0-
Automatic Clock Switching is disabled. 
TURBO determines whether CLK_SPD 
or ALT_CLK_SPD is to be used as the 
CPU clock. Refer to Table 4-1 for the 
appropriate selection, as determined by 
TURBO. 

AUTJST= 1-

TURBO 

0 
0 
1 
1 

Automatic CPUCLK Switching between 
CLK_SPD and ALT CLK_SPD is 
enabled when TURBO is de-asserted. 
CLK_SPD is selected when TURBO is 
asserted. Refer to Table 4-1. The 
EXT_HOLD field must be 0000 when 
AUT_FST = 1. 

AUTO_FST CPU CLOCK SPEED 

0 ClK SPD 
1 Cl(~SPD 
0 AlT ClK SPD 
1 ClK-=-SPD-or AlT_ClK_SPD 

TABLE 4-1. CLOCK SWITCH SELECTION 

INITIALIZATION AND CLOCKING 

SPEEDUP ACTIVITY TIME PERIOD 

Hard disk interrupt, 1 second 
Hard disk or numeric 
processor 1/0, 
SCSI, floppy, port B 110 

Keyboard interrupt 1 second or 
until next video 
access 

Video access or processor reset 1 millisecond 

Any NMI or IRQ interrupt, 1 millisecond 
except keyboard or hard disk 

TABLE 4-2. SPEEDUP ACTIVITY 

Bits 10-08 - ALT_CLK_SPD, Alternate Clock 
Speed 
Featured only in the WD7710LP 

ALT_CLK_SPD 
100908 

o 0 0 - CPUCLK unchanged from 
CLK_SPD (Default value). 

0 0 

0 

0 

0 

0 

1 - Equals source. 

o -Equals source div by 2. 

1 - Equals source div by 4, 
25% duty cycle. 

o -Equals source div by 4, 
75% duty cycle. 

1 - Equals source div by 8, 
12% duty cycle. 

o -Equals source div by 8, 
88% duty cycle. 

Bits 07-04 - EXT_HOLD, Extend Processor Hold 

Processor execution may be slowed for 
software compatibility by extending the 
processor hold request after refresh cycles. 
If the external TURBO signal is asserted, 
EXT_HOLD is forced to 0000. When the ex
ternal TURBO signal is de-asserted, the 
EXT_HOLD returns to its programmed value, 
allowing an external TURBO switch to slow 
the processing speed. 

7-22 ADVANCED INFORMATION 11/25/91 



INJTlALlZATION AND CLOCKING 

EXT_HOLD 
07060504 

0 0 

0 0 

0 0 

0 0 

0 

0 o - No hold extension, 
(Default value). 

o 1 - 1 Ils hold after refresh. 

1 0 - 2 Ils hold after refresh. 

1 1 - 3 IlS hold after refresh. 

o 0 - 4 Ils hold after refresh. 

t 
o 1 - 13 Ils hold after refresh. 

1 0 - 14 Ils hold after refresh. 

1 1 - 15 Ils hold after refresh. 

Bits 03-02 - Reserved for future use, must be set 
to zero 

Bit 01 - SCHH, Stop CPUClK at next Halt and 
Hold. 
Featured only in the WD7710lP 

SCHH is applicable only for 80C286 or 
Am386SXl type processors in which the 
clock may be stopped. This option should 
only be used when the clock source is the 
WD7710lP rather than an external oscil
lator. 

Any unmasked processor interrupt, or NMI, 
restarts the CPUClK. The SCHH bit remains 
set and the clock will be stopped again if a 
halt and hold condition is detected. The 
refresh rate may be as programmed by the 
Refresh Timer at Port Address 041 H, or at 
the slower rate selected by the Refresh Con
trol Register at Port 2072H. 

SCHH = 0-
Normal processor clock (default value). 

SCHH = 1 -
Stop processor clock at next halt and 
hold cycle. 

WD7710/WD7710LP 

Bit 00 - SCH, Stop CPUClK at next Hold 
Featured only in the WD771 OlP 

SCH is applicable only for 80C286 or 
Am386SXl type processors in which the 
clock may be stopped. This option should 
only be used when the clock source is the 
WD7910lP instead of an external oscillator. 

Any unmasked processor interrupt, or NMI, 
restarts the CPUClK and sets the SCH bit to 
zero. DRAM refresh continues while the 
processor clock is stopped. The refresh rate 
may be as programmed by the Refresh Timer 
at Port Address 041 H, or at the slower rate as 
selected by the Refresh Control Register at 
Port 2072H. 

SCH = 0-
Normal processor clock (Default value). 

SCH = 1 -
Stop processor clock at next processor 
hold cycle. 
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5.0 AT BUS 
This section describes the logic required to control 
the interrupts and timing between the AT bus and 
the System Controller. 

5.1 INTERRUPT MULTIPLEXING 

To reduce the number of pins required, the System 
Controller generates and outputs the MXCTL2-0 
~nd DACKEN signals used by external logic to mul
tiplex the DACKs, DROs and IROs down to single 
inputs. See Figure 5-1. 

MXCTL2-0 are set to 100 during a System Reset 
(RSTIN) to provide a Bus Reset (BUS_RST), and 
to determine the ROM width (ROM8) and proces
sor clock (CPUCLK) pin direction. See Table 5-1. 

5.1.1 Data Acknowledge DACK7-5, 3-0 

An external 74F138, 3 to 8 Decoder for desktop 
systems, or 74ACT138, 3 to 8 Decoder for laptop 
systems, uses MXCTL2-0 to generate the 
DACK7-5 and DACK3-0, which are applied to the 
AT bus. The unused combination develops the AT 
BUS_RST (bus reset). The decoder is enabled by 
the DACKEN signal from the System Controller. 

5.1.2 Data Request DRQIN 

The MXCTL2-0 signals are also used by an exter
nal 74F151, 8 to 1 Multiplexer for desktop sys
tems, or 74ACT151, 8 to 1 Multiplexer for laptop 
systems, to develop the DROIN signal received 
by the System Controller. The MXCLT2-0 signals 
are held stable during DMA transfers. 

Immediately following a System Reset (RSTIN), 
DROIN input 100 is sampled. If low, the proces
sor clock (CPUCLK) pin is an output. If high, the 
CPUCLK starts as an output but is switched to an 
input shortly after RSTIN is de-asserted. See 
Table 5-1 and Figure 5-1. This controls the 
default value of CLK_SPD in the CPU Clock 
(CPUCLK) Control Register at Port 1072H. See 
section 4.2.4. 

AT BUS 

5.1.3 Interrupt Requests 

The Interrupt Requests are multiplexed by the 
WD76C30. The multiplexing is performed as 
shown in Table 5-1 and Figure 5-1, and provides 
the System Controller with the IROSET1 and 
IROSETO signals. 

DROIN, IROSET1 and IROSETO are sampled by 
the System Controller at every rising edge of 
SYSCLK2. This allows all DMA, DRO and IRO 
lines to be sampled within 500 ns, when SYSCLK 
is 8 MHz. 

The ROM8 input is sampled at the completion of a 
NRSTIN to determine ROM data width (ROM8). 
The RESCPU and A20GT inputs come from the 
8042 keyboard controller. 

5.1.4 AT Address Bus, Data Bus And Ter-
minal Count (TC) Signal 

The AT Address Bus SA 19-00 and NBLE are 
generated from A 19-00 with external latches and 
tristate buffers. 

The AT Data Bus SD15-00 uses D15-00 and ex
ternal bidirectional buffers. 

The TC signal is generated by an external gate 
when DACKEN and CSEN are both asserted. 

5.2 POWER MANAGEMENT CONTROL 
PMCIN 

The power control signals are placed on the 
PMCIN input pin by way of an eight to one multi
plexer, controlled by the MXCTL2-0 signals from 
the System Controller. In the WD7910, the 
TURBO signal may be connected directly to 
PMCIN. In the WD7710LP, the external 8:1 MUX 
is always used. See Figure 5-1. Bits 14 and 13 
of Port 1872H (Section 5.3) control the power 
down of the processor and peripheral. 
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MXCTL DROIN DACKEN IROSETO IROSET1 PMCIN 
210 

000 
001 
010 
01 1 
100 

1 01 
1 1 0 
111 

DROO DACKO IROB IR012 TURBO 
DR01 DACK1 IR09 IR01 PROC_PWR_GOOD 
DR02 DACK2 IR010 A20GT LCL_RQ or USER DEF. 
DR03 DACK3 IR011 IR03 USER DEF. 
CLOCK_ BUS_RST ROMB IR04 USER DEF. 
DIR_IN 
DR05 DACK5 RESCPU IR05 USER DEF. 
DR06 DACK6 IR014 IR06 USER DEF. 
DRO? DACK? IR015 IRO? USER DEF. 

TABLE 5-1. MXCTL2 - 0 DECODING 

IROB 0 
.c..IR...;cO;c;.9 __ -.t 1 

::..:IR~O..:..:l 0"--_-0/2 
IROll IROSETO 
:RO:M:B~::=~: ~~~ 1----

RES CPU 5 

!!.IR=Ow..14"--_-.t 6 

IR015 7 

MXCTL2 - ° 
DR09!O~_-+O~!~ 
DRO>!!.t"'--__ -o/l 

o RO""2=--__ ... 2 

DROIN 3 8: 1 
CLOCK DIR IN 4 MUX J-----
DR03 

MXCTL2 - ° DRO""!5"--_----of 5 

IR012 0 

.!!..IR=O'-!.l __ --Il 

!.-"A2""0""G'-!.T_---+\2 
.!!..IR=O=3 __ --I3 B : 1 
!.!..IR=O'-.!.4 __ ->l 4 MUX 
!!..IR=O""-5 __ --I 5 

'"'-IR=O=6 __ --I 6 

IRQ7 7 

IROSETl 

DACKO - 3 

DROS 6 

o RO""7'--____ t7_---I 

~ 
~ MXCTL2 -_0"--___ -, 

'~~~-T~U:RB~O~ __ ~roo-!~ 
'\ PROC_PWR GOOD 1 

.1 LCL_REO ----12 

-----13 8: 1 J--_P_M_C_IN_ 
------..4 MUX 
----15 
----016 

MXCTL2 - ° 
3 TO 8 

DECODER 
7 

ENABLE DACK5 - 7 

DACKEN 1 

FIGURE 5-1. MXCTL2-0 MULTIPLEXING 
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5.3 NUMERIC PROCESSOR 

5.3.1 Numeric Processor Busy, Bus Timing, 
And Power Down Register 

Port Address 1872H - Read and Write 

15 14 13 12 11 I 10 09 I 08 

NP PRO_ FPD BUS_MOD BRQ_DEL 
BSY PO 

07 106 05 04 03 I 02 01 I 00 

BAK_DEL 

Signal 
Name 

WSI 
16 

WSM WSI8 
16 

WSM8 

Default 
At RSTIN 

NP_BSY . . . . . . . . . . . . . 0 
PRO_PO t .............. 0 
Bit 12 ................. None 
FPD t ................. 0 
BUS MOD .. 00 
BRQ-DEL 00 
BAKJ>EL 11 
VVSI_16 . 0 
VVSM 16 0 
VVS18 . . 10 
VVSM8 . . . . . 10 

t Featured only in the WD771 OlP 

Bit 15 - NP _BSY, Numeric Processor Busy 

NP _BSY must be set for systems using an 
80286 CPU where the CPU runs faster than 
the AT bus. The causes BUSYCPU to be 
asserted early during any CPU write to 110 
ports F8H through FFH. BUSYCPU is de-as
serted at the end of the 110 write if the 
coprocessor has not asserted its own 
NPBUSY by this time. Early assertion of 
BUSYCPU is necessary to prevent a loss of 
synchronization between the 80286 and 
80287. Bit 15 is ignored when an 80386SX 
is used. 

NP _BSY = 0-
Force an early BUSYCPU for 110 writes 
to coprocessor addresses F8H through 
FFH. (Default value). 

NP _BSY = 1 -
Normal ""B'-;U=SY;-;C=P;-";U assertion. 

AT BUS 

Bit 14 - PRO_PO, Processor Power Down 
Featured only in the WD771 OlP 

When PRO_PD has been changed from zero 
to one, a power down sequence for the 80286 
or 80386SX processor will be initiated at the 
next Halt State and the expansion bus will 
continue to operate normally. The processor 
should not be powered down if DMA cycles 
are likely to occur. When PRO_PD is set and 
a halt state occurs, the processor inputs are 
ignored and appear to the WD771 OlP to be in 
the passive state. 

The input buffers connected to the processor 
signals do not consume power even if the 
processor signals do not reach ground. The 
internal pull ups on inputs connecting to the 
processor are disabled to reduce power. 
PMC output 5 from Port 7072H (Processor 
Power Down) is set. This can be used to con
trol the power transistor and turn off the 
power to the processor. All outputs going to 
the processor will be tristated. 

When an unmasked interrupt, DRQ or NMI 
occurs, PMC output 5 is reset, re-powering 
the processor. A voltage comparator should 
be used to generate a Processor Power Good 
(PPG) signal. The PPG signal is sampled by 
bit 01 of the PMC Input Register at Port Ad
dress 8872H. When PPG is high, the outputs 
to the processor are driven and the processor is 
reset. 

PRO_PD = 0-
Normal processor power 
(Default value). 

PRO_PD = 1 -
Start processor power down sequence. 

Bit 13 - FPD, Full Powerdown 
Featured only in the WD771 OlP 

When FPD equals one and a halt state oc
curs, all processor and peripheral outputs ex
cept the PMC, DRAM controls and RA/ED 
bus are tristated and all inputs except 
NRSTIN, ClK14 and PMC inputs are ig
nored. CAS before RAS refresh will be per
formed if enabled by Port 2072H. All circuitry 
except the PMC and refresh timer logic is 
stopped and PMC output 7 (Full Power
down) from Port 7072H is set. This enables 
the powering down of all chips except DRAM, 
WD7710lP, WD76C20, WD76C30 and 
WD90C20. The WD76C20 provides NPDREF 
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(a 64 KHz refresh signal on input pin 117) 
during the power down mode. This signal is 
then gated by the System Controller to the 
REFRESH signal as an output on pin 32. 

When a PMC interrupt occurs, PMC output 7 
at Port 7072H is reset, enabling the power up 
sequence. A CPU RES and BUS_RST (see 
Figure 5-1) are asserted until the PMCIN 01 
PPG at Port 8872H input is high. The tristated 
outputs are restored and the inputs are no 
longer masked. 

FPD remains a 1 until replaced by a O. 

FPD = 0-
No power down (Default value). 

FPD = 1 -
Full power down and in standby mode. 

Bit 12 - Ignored by the System Controller, 
may be 0 or 1. 

Bits 11, 10 - BUS_MOD, Bus Mode 

The System Controller defaults to mode 00 at 
power up. Therefore, the bus clock (SYSCLK) is 
controlled by BCLK2 and is asynchronous with 
CPUCLK (see Figure 4-1). This allows 
CPUCLK to be faster than SYSCLK and vary 
without affecting the bus timing. Normally, 
BCLK2 is either 16 MHz or 32 MHz. 
SYSCLK is divided by two regardless of the 
mode selected by BUS_MOD, and if BCLK2 
is 16 MHz at power up, it is divided by two 
again, providing a SYSCLK clock rate of 4 
MHz until programmed to mode 01. In mode 
01, the SYSCLK rate is 8 MHz for a BCLK2 
of 16 MHz. Both mode 00 and 01 are 
asynchronous and require the appropriate 
synchronization delays to be established by 
BRO_DEL and BAK_DEL of this register. 

In modes 10 and 11, the SYSCLK is synchro
nous with the CPUCLK and synchronization 
delays are not needed. The bus clock mode 
may need to be reprogrammed when the 
processor clock changes. 

Refer to Table 5-2 for the appropriate choices 
according to the CPU type and speed and AT 
bus speed employed. 

BUS_MOD 
11 10 

WD771 O/WD 771 OLP 

o 0 - Bus logic uses BCLK2 divided 
by 2 (Default value). 

o - Bus logic uses BCLK2 divided 
by 1. 

o - Bus logic uses CPUCLK 
divided by 2. 

- Bus logic uses CPUCLK 
divided by 1. 

Bits 09, 08 - BRa_DEL, Bus Request Delay 

An asynchronous AT bus state machine 
requires a synchronization delay at the start 
of the bus cycle. 

Refer to Table 5-2 for the appropriate choices 
according to the CPU type and speed and AT 
bus speed employed. 

BRO_DEL 
0908 

o 0 - 1 Bus clock delay (Default value). 

o -.5 Bus clock delay. 

o - No clock delay. 

- Reserved. 

Bits 07, 06 - BAK_DEL, Bus Acknowledge Delay 

The AT bus state machine has several op
tions available for signaling the CPU control 
logic that an AT bus cycle has completed. 
The timing of this signal determines AT bus 
hold time for the data and address. Proper 
timing is determined by the CPU speed, AT 
bus speed and whether they are synchron
ous or asynchronous. The delay settings 
listed here are referenced to the trailing edge 
of the AT command strobe. 

Refer to Table 5-2 for the appropriate choices 
according to the CPU type and speed and AT 
bus speed employed. 

BAK_DEL 
0706 

0 0 - No delay. 

0 1 - -.5 Bus clock delay. 

0 - -1 Bus clock delay. 

- +.5 Bus clock delay 
(Default value) 
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Bit 05 - WS116, Wait State for 16 bit 1/0 

WSI16 = 0-
1 Bus clock wait state (Default value). 

WSI16 = 1 -
2 Bus clock wait state 

Bit 04 - WSM16, Wait State for 16 bit Memory 

WSM16 = 0-
1 Bus clock wait state (Default value). 

WSM16 = 1 -
2 Bus clock wait state. 

Bits 03, 02 - WSI8, Wait State for 8 bit 110 

WSI8 
0302 

o .0 - 2 Bus clock wait state. 

o 1 - 3 Bus clock wait state. 

o - 4 Bus clock wait state 
(Default value). 

- 5 Bus clock wait state. 

Bits 01, 00 - WSM8, Wait State for 8 bit Memory 

WSM8 
0100 

o 0 - 2 Bus clock wait state. 

o 1 - 3 Bus clock wait state. 

o - 4 Bus clock wait state 
(Default value). 

- 5 Bus clock wait state. 

CPU CPU AT BUS 
TYPE SPEED SPEED 

80286 25 MHz 8 MHz 
20 MHz 8 MHz 
20 MHz 10 MHz 
16 MHz 8 MHz 
12.5 MHz 8 MHz 
10 MHz 10 MHz 
8MHz 8 MHz 

80386SX 25 MHz 8 MHz 
20 MHz 10 MHz 
20 MHz 8 MHz 
16 MHz 8 MHz 
12.5 MHz 8 MHz 

AT BUS 

5.3.2 Numeric Processor Busy (NPBUSV) 
Reset 

Port Address OFOH - Write only 

Writing any data to this port resets the 80287 busy 
signal (de-asserts NPBUSV). The data is ignored. 

5 I 4 3 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . . .. None 

5.3,3 Numeric Processor Reset (NPRST) 

Port Address OF1 H - Write only 

Writing any data to this port asserts NPRST and 
resets the 80287. The main processor is wait 
stated for 128 clocks when writing to this port. The 
data is ignored. 

5 4 I 3 2 1 I 0 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . . .. None 

AT BUS BUS BRQ BAK 
MODE MOD DEL DEL 

ASYNC OX 00 00 
ASYNC OX 01 01 
SYNC 10 10 10 
SYNC 10 10 10 
ASYNC OX 01 10 
SYNC 11 10 10 
SYNC 11 10 10 
ASYNC OX 01 00 
SYNC 10 10 10 
ASYNC OX 01 00 
SYNC 10 10 10 
ASVNC OX 01 10 

TABLE 5-2. BUS TIMING PARAMETERS 
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5.4 DMA CONTROL 

The System Controller contains two DMA control
lers. DMA Controller 1 is in the I/O address space 
from OOOH to OOFH and is used for 8-bit transfers. 
DMA Controller 2 is in the I/O space from OCOH to 
ODEH and is used for 16-bit transfers. Channel 0 
of DMA Controller 2 is used to cascade DMA con
troller #1. Table 5-4 indentifies the Controller/
Channel location and function. 

AT BUS DMA TRANSFER 
DMACHANNEL CONTROLLER TYPE 

0 #1 Channel 0 8-bit 
1 #1 Channel 1 8-bit 
2 #1 Channel 2 8-bit 
3 #1 Channel 3 8-bit 
4 #2 Channel 0 Cascade DMA 

Cont. #1 
5 #2 Channel 1 16-bit 
6 #2 Channel 2 16-bit 
7 #2 Channel 3 16-bit 

TABLE 5-3. DMA TRANSFER TYPES 

5.4.1 Transfer Modes 

Each DMA channel may be programmed in Single 
Transfer Mode, Block Transfer Mode, Demand 
Transfer Mode or Cascade Mode. 

Refer to Section 5.4.12 - Mode Register, bits 7 
and 6 for programming. 

Demand Mode - 00 

In demand mode, a transfer continues to take 
place until DRO is de-asserted or a Terminal 
Count (TC) is reached. If the DRO is de
asserted, the bus will be released. If DRO is 
re-asserted, the transfer will resume. The ad
dress and word count behave as in single 
mode. 

Single Transfer Mode - 01 

In single transfer mode, the channel makes 
one transfer for each request. The word 
count is decremented, and the address is 
incremented or decremented at the end of 
each transfer. When the word count goes 
from OOOOH to FFFFH, a Terminal Count (TC) 
is generated. To start a transfer, the DRO 
should be asserted until a DACK is received. 
If the DRO is asserted through the cycle, only 
one transfer will take place. The DRO must 

WD771 O/WD771 OLP 

be de-asserted and then re-asserted to start 
another transfer. The bus is released be
tween transfers. 

Block Transfer Mode - 10 

A transfer is started in block mode by a DRO 
and continues until a TC is reached. The 
DRO should be held active until DACK is 
asserted. Block mode should be used with 
caution since refresh is locked out. The address 
and word count behave as in single mode. 

Cascade Mode - 11 

Cascade mode is used to cascade DMA 
controller #2 to DMA controller #1, and for 
bus master transfers. A channel in cascade 
mode gets the bus when a DRO is asserted, 
but the word count and address are ignored. 
The channel holds the bus until DRO is de
asserted. The lOR, lOW, MEMR and MEMW 
signals must be generated by the bus master 
device. The addresses from the System 
Controller are tristated when the MASTER 
signal is asserted. 

5.4.2 Transfer Types 

There are three types of transfers: verify, write 
and read. 

Refer to Section 5.4.12 - Mode Register, bits 3 
and 2 for programming. 

Verify - 00 

A verify transfer is a pseudo transfer that does 
not generate lOR, lOW, MEMR or MEMW 
signals. 

Write - 01 

A write transfers data from an I/O device to 
memory. 

Read -10 

A read transfers data from memory to an I/O 
device. 
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5.4.3 Autoinitialize 

A channel may be programmed to autoinitialize for 
any transfer type. In this mode, when a TC is 
reached, the channel is loaded with the original 
word count and address and is ready to start 
another transfer. 

Refer to Section 5.4.12 - Mode Register, bit 4 for 
programming. 

5.4.4 Priority 

Each DMA controller has two types of priority, 
fixed and rotating. For fixed priority, channel 0 
has the highest priority and channel 3 has the 
lowest. In rotating priority, the last channel to be 
serviced has the lowest priority. 

5.4.5 Extended Write 

In normal timing, the MEMR or lOR pulse is two 
clock cycles and the MEMW or lOW is one clock 
cycle. If extended write is selected, the MEMW or 
lOW will be the same as the MEMR or lOR. 

AT BUS 

5.4.6 Base and Current Address 

Each channel has a 16-bit base and current address 
register. The current address register is loaded 
from the base register when the base register is 
loaded or when in autoinitialize mode. The current 
address register is incremented or decremented 
during a transfer. 

Addresses are driven to the bus while REFRESH 
is asserted, indicating a refresh cycle. Only address 
bits A23-A 16 (from the page register) and bits 
A 1 O-AO (from the refresh counter) are meaningful 
during refresh. The address counter is incremented 
on the rising edge of REFRESH. 

5.4.7 Base and Current Word Count 

Each channel has a 16-bit base and current word 
count register. The current word count register is 
loaded from the base register when the base 
register is loaded or when in autoinitialize mode. 
The current word count is decremented during a 
transfer. 
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I/O Address Read/Write DMA Controller Function 
Hex 

000 ReadlWrite 1 Channel 0 Address 
001 ReadlWrite 1 Channel 0 Word Count 
002 ReadlWrite 1 Channel 1 Address 
003 ReadlWrite 1 Channel 1 Word Count 
004 ReadlWrite 1 Channel 2 Address 
005 ReadlWrite 1 Channel 2 Word Count 
006 ReadlWrite 1 Channel 3 Address 
007 ReadlWrite 1 Channel 3 Word Count 
008 Read 1 Status 
008 Write 1 Command Register 
009 Write 1 Request Register 
OOA Write 1 Single Mask 
OOB Write 1 Mode Register 
DOC Write 1 Clear Pointer 
000 Write 1 Master Clear 
ODE Write 1 Clear Mask 
OOF Write 1 Mask All 
080-09F OMA Page Register 
OCO ReadlWrite 2 Channel 0 Address 
OC2 ReadlWrite 2 Channel 0 Word Count 
OC4 ReadlWrite 2 Channel 1 Address 
OC6 ReadlWrite 2 Channel 1 Word Count 
OC8 ReadlWrite 2 Channel 2 Address 
DCA ReadlWrite 2 Channel 2 Word Count 
OCC ReadlWrite 2 Channel 3 Address 
OCE ReadlWrite 2 Channel 3 Word Count 
000 Read 2 Status 
000 Write 2 Command Register 
002 Write 2 Request Register 
004 Write 2 Single Mask 
006 Write 2 Mode Register 
008 Write 2 Clear Pointer 
OOA Write 2 Master Clear 
DOC Write 2 Clear Mask 
ODE Write 2 Mask All 
B872 Read 1,2 DMA Mode Shadow 

TABLE 5-4. DMA CONTROLLER/CHANNEL FUNCTION MAP 
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5.4.8 Command Register 

Port Addresses OOSH, OOOH - Write only 

The Command Register is reset by RSTIN or by 
writing any data to Port Address OOOH or OOAH 
(see section 5.4.14). 

7 6 5 4 3 2 1 

EX RO 0 co 
WR PRI 018-

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . . 0 

Bits 7,6 - Not used, state is ignored 

Bit 5 - EX_WR, Extended Write 

Bit 4 - RO_PRI, Rotating Priority 

Bit 3 - Must be set to 0 

Bit 2 - CO_DIS, Controller Oisabled 

Bits1, 0 - Not used, state is ignored 

5.4.9 Status Register 

Port Addresses OOSH, OOOH - Read only 

0 

Bits 3-0 are reset by NRSTIN, writing any data to 
Port Address OOOH or OOAH (see section 5.4.14) 
or when read by a Status Read Command. 

7 6 5 4 3 2 1 

CH3 CH2 CH1 CHO CH3 CH2 CH1 - - -ORQ- ORO ORQ- ORQ- TC TC TC 

Signal Default 
Name At RSTIN 
CH3_DRQ - CHO_DRQ . . . . . . . . None 
CH3_TC - CHO_TC .......... 0 

Bit 7 - CH3_DRQ, Channel 3 ORO active 

Bit 6 - CH2_DRQ, Channel 2 ORO active 

Bit 5 - CH1_DRQ, Channel 1 ORO active 

Bit 4 - CHO_DRQ, Channel 0 ORO active 

0 

CHO 
TC 

AT BUS 

Bit 3 - CH3_ TC, Channel 3 has reached TC 

Bit 2 - CH2_TC, Channel 2 has reached TC 

Bit 1 - CH1_TC, Channel 1 has reached TC 

Bit 0 - CHO_TC, Channel 0 has reached TC 

5.4.10 Request Register 

Port Addresses 009H, 002H - Write only 

Each channel may be started by a software request. 
These requests are not affected by the Mask 
Register. The Request Register is reset by 
RSTIN or by writing any data to Port Address 
OOOH or OOAH (see section 5.4.14). 

I ° 
CH# 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . .. 0 

Bits 7-3 - Not used, state is ignored 

Bit 2 - CRQ, Channel Requested 

Bits 1, 0 - CH#, Channel Number Requested 

CH# 1 0 

o 0 - Channel 0 

o 1 - Channel 1 

0- Channel 2 

1 - Channel 3 

5.4.11 Mask Registers 

Each channel has a mask bit associated with it If 
it is set, the channel is disabled. The bits may be 
set or reset by software, or set by a Terminal 
Count (TC) if the channel is not in autoinitialize 
mode. All the bits are set by a RSTIN, or by 
writing any data to Port Address OOOH or OOAH 
(see section 5.4.14). 
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5.4.11.1 Single Mask Register 

Port Addresses OOAH, OD4H - Write only 

17161514131~~_I'C~OI 
Signal Default 
Name At RSTIN 
All signals ........... . 

Bits 7·3 • Not used, state is ignored 

Bit 2· SE_MA, Set Mask 

SE_MA= 0-
Clear Mask 

SE_MA = 1 -
Set Mask 

Bits 1, 0 • CH#, Channel Number Requested 

CH# 1 0 

o 0 - Channel 0 

o 1 - Channel 1 

0- Channel 2 

1 - Channel 3 

5.4.11.2 Clear Mask Register 

Port Addresses OOEH, ODCH - Write only 

Writing any data to this register resets all Masks. 
The data is ignored. 

3 I 2 1 I 0 

Signal Default 
Name At RSTIN 
All signals ............. None 

Bits 7·0 • Not used, state is ignored 
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5.4.11.3 Mask Multiple Register 

Port Addresses OOFH, ODEH - Write only 

7 6 5 4 3 2 1 

CH3 CH2 CH1 - - -
MA MA MA 

Signal Default 
Name At RSTIN 
All signals ............. . 

Bits 7·4 . Not used, state is ignored 

Bit 3 . CH3_MA, Channel 3 Mask 

Bit 2 . CH2_MA, Channel 2 Mask 

Bit 1 . CH1_MA, Channel 1 Mask 

Bit 0 . CHO_MA, Channel 0 Mask 

5.4.12 Mode Register 

Port Addresses OOSH, OD6H - Write only 

0 

CHO 
MA 

This register selects the mode and type of transfer 
for each channel. Refer to sections 5.4.1 through 
5.4.1.4 for a description of the Transfer Modes, 
sections 5.4.2 through 5.4.2.3 for a description of 
the Transfer Types and section 5.4.3 for a descrip
tion of Autoinitialize. 

7 I 6 5 4 3 I 2 1 J 0 
TRA AD AUTO TRA_ CHA# 
MOD DEC TYP SEL 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . . . . None 

Bits 7, 6· TRA_MOO, Transfer Mode 

TRA_MOD 
7 6 

o 0 - Demand 

o 1 - Single 

0- Block 

1 - Cascade 
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Bit 5 - AD_DEC, Address Decrement 

AD_DEC = 0 
Address is incremented. 

AD_DEC = 1 
Address is decremented after each 
DMAcycie. 

Bit 4 - AUTO, Autoinitialize 

AUTO = 0 
Autoinitialization is disabled. 

AUTO = 1 
Autoinitialization is enabled. 

Bits 3, 2 - TRA_TYP, Transfer Type 

TRA_TYP 
3 2 

o 0 - Verify 

o 1 - Write 

0- Read 

1 - Not used 

Bits 1,0 - CHA#_SEL, Channel Select 

CHA#_SEL 
1 0 

o 0 - Channel 0 

o 1 - Channel 1 

0- Channel 2 

1 - Channel 3 

5.4.13 Clear Pointer Register 

Port Addresses OOCH, OD8H - Write only 

Each DMA controller has a pointer flip-flop that 
indicates which half of the word count or address 
is being accessed. Each time a word count or 
address is written or read, the pointer changes 
state. When the flip-flop is reset, bits 7-0 are ac
cessed, and when it is set, bits 15-8 are accessed. 
The pointer is reset by writing any data to the 
Clear Pointer Register, or to Port Address OODH or 
ODAH (see section 5.4.14). In either case, the 
data is ignored. 

AT BUS 

16 5 4 o 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . .. None 

Bits 7-0 - Not used, state is ignored 

5.4.14 Master Clear Rgister 

Port Addresses OODH, ODAH - Write only 

Writing any data to the Master Clear Register will: 

1. Clear the Command Register 
2. Clear the Status Register 
3. Clear the Request Register 
4. Set the Mask Register 
5. Clear the Pointer Flip-Flop 

All data is ignored. 

16 I 5 4 1 o 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . .. None 

Bits 7-0 - Not used, state is ignored 
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5.4.15 DMA Mode Shadow Register 

Port Address B872H - Read only 

This register is particularly useful in laptop ap
plications by allowing the suspend/resume 
software to restore correct status to on-board 
devices. 

15 /14 / 13 / 12 /11 /1 0 / 09 / 08 

DMA1MODE 

07 / 06 / 05 / 04 / 03 / 02 / 01 / 00 

Signal 
Name 

DMA2 MODE 

DMA1 MODE ...... . 
DMA2 MODE ...... . 

Bits 15-08 - DMA1 MODE 

Default 
At RSTIN 

o 
. . 0 

DMA 1 MODE contains a copy of the data 
written into the DMA 1 Mode Register located 
at I/O address OOBH (see Table 5-4). 

Bits 07-00 - DMA 2 MODE 

DMA 2 MODE contains a copy of the data 
written into the DMA2 Mode Register located 
at I/O address OD6H (see Table 5-4). 

5.5 SYSTEM CONTROLLER 8259 INTER-
RUPT CONTROLLERS 

The System Controller contains two interrupt con
trollers. Interrupt Controller 1 is in the I/O space of 
020H to 021 H and Interrupt Controller 2 is in the 
I/O space of OAOH to OA 1 H. Interrupt 2 of Inter
rupt Controller 1 is used to cascade Interrupt Con
troller 2. 

5.5.1 Interrupt Sequence 

1. When an interrupt arrives from a peripheral 
device, the interrupt may only be programmed 
to be edge sensitive. In this mode, the inter
rupt must go low and high for each interrupt. 
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The interrupt sets the appropriate bit in the 
Interrupt Request Register (lRR). 

System Interrupt 
Use interrupt Controller 

0 #1 Level 0 Timer 
1 #1 Level 1 Keyboard 
2 #1 Level 2 Cascade 
3-7 #1 Level 3 -7 AT Bus 
8 #2 Level 0 RTC 
9-12 #2 Level 1-4 AT Bus 
13 #2 Level 5 Co-Processor 
14-15 #2 Level 6-7 AT Bus 

TABLE 5-5. INTERRUPT SEQUENCE 

2. If the interrupt has not been masked off, it is 
passed to the priority circuit. There are three 
types of priority. 

Fixed 

In fixed priority, interrupt 0 has the highest 
priority and interrupt 7 has the lowest. 

Automatic Rotation 

In automatic rotation, the last interrupt serviced 
has the lowest priority. 

Specific Rotation 

In this mode, the lowest priority interrupt can 
be set by software. The next interrupt will have 
the highest priority. For example if interrupt 4 
is set to the lowest level, the priority will be 5, 
6,7,0, 1,2,3 and 4. 

3. The interrupt controller sends an IRQ to the CPU. 

4. The CPU responds with an INTA cycle that 
freezes priority. 

5. The CPU sends another INTA, causing the in
terrupt controller to send a vector to the CPU, 
set the appropriate bit in the Interrupt Service 
Register (ISR) and clear the corresponding bit 
in the IRR, if it is in the edge triggered mode. 
As long as the bit in the ISR is set, all interrupts 
at the same level or lower are inhibited unless 
programmed for special mask mode. 
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6. An EOI is issued to end the interrupt. This 
clears the appropriate bit in the Interrupt Ser
vice Register. For the slave adapter (interrupt 
controller #2), two EOI's must be issued. 
There are three types of EOI's, Specific, Non
specific and Automatic. 

Specific 

An EOI is issued by software for a specific 
interrupt. 

Non~Specific 

A non-specific EOI is also issued by software. 
The hardware generates an EOI for the 
highest level active interrupt. 

Interrupt Address 
Controller Hex 

1 020 
1 021 
1 021 
1 021 
1 021 
1 020 
1 020 
1 020 
1 020 
1 021 
1 020,021 
2 OAO 
2 OA1 
2 OA1 
2 OA1 
2 OA1 
2 OAO 
2 OAO 
2 OAO 
2 OAO 
2 OA1 
2 OAO,OA1 

AT BUS 

Automatic 

An automatic EOI is a non-specific EOI that is 
caused by the second INTA. 

The interrupt controllers may also be operated 
in a polled mode. In this mode, the CPU is set 
to disable the interrupt input. In this case, 
software must issue a poll command. This 
takes the place of an INTA, and the software 
can then read the interrupt level to determine 
the interrupt to be serviced. 

When cascading is used and the slave has 
issued an interrupt, other interrupts from the 
slave are locked out. If it is desired to preserve 
priority in the slave (i.e., allow higher interrupts 
to occur when a lower interrupt is being ser
viced), Special Fully Nested Mode should be 
programmed in the master. After a non-specific 
EOI has been sent to the slave, the ISR should 
be checked to see whether any other interrupts 
are active. If there are no interrupts active, a 
non-specific EOI should be sent to the master. 

Function Read/write 

ICW1 Write 
ICW2 Write 
ICW3 Write 
ICW4 Write 
OCW1 Write 
OCW2 Write 
OCW3 Write 
IRR Read 
ISR Read 
Mask Read 
Interrupt Level Read 
ICW1 Write 
ICW2 Write 
ICW3 Write 
ICW4 Write 
OCW1 Write 
OCW2 Write 
OCW3 Write 
IRR Read 
ISR Read 
Mask Read 
Interrupt Level Read 

TABLE 5-6. INTERRUPT CONTROLLER FUNCTION MAP 
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5.5.2 Setup - Initialization Command Words 
(ICW) 

The interrupt controllers are set up by writing a 
series of Initialization Command Words (ICW). 
The sequence is started by writing a one to bit 4 
of ICW1. If ICW4 is to be included in the se
quence, a one must also be written to bit 0 of the 
ICW1. 

5.5.2.1 ICW1 -Initialization Command Word 1 

Port Addresses 020H, OAOH - Write only 

Bit 4 of this register must be set to 1 or it will be 
interrpreted as OCW2 or OCW3. 

7 6 5 4 3 2 1 0 

s_s L_T N ICW 
C_M 4 

Signal Default 
Name At RSTIN 
All signals .......... . .. . None 

Bit 7-5 - Not used, state is ignored 

Bit 4 - S_S, Start Sequence 

S_S Must be set to 1 

Bit 3 - L_ T, Level Trigger 

The Interrupt Controller may be programmed to 
support Level Sensitive Mode for diagnostic 
adapters which may need to test this capability. 

L_T = 0-
Edge Triggered Mode is selected. 

L_ T = 1 -
Level Triggered Mode is selected. 
EN_LVL (bit 00) in Port A872H must 
first be set to 1. 

Bit 2 - Not Used, state is ignored 

Bit 1 - N C_M, Not Cascade Mode 

N C_M = 0-
Cascade Mode selected 

N C_M = 1 -
Single Mode selected 
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Bit 0 - ICW4, Initialization Control Word 4 

ICW4 = 0-
ICW4 not included in sequence 

ICW4 = 1 -
ICW4 is included in sequence 

5.5.2.2 ICW2 - Initialization Command Word 2 

Port Addresses 021 H, OA 1 H - Write only 

7 I 6 

Signal 
Name 

15 14 1 3 

Interrupt 
Vector 

All signals .......... . 

Bits 7-3 - Interrupt Vector 

2 

Bits 2-0 - Not used, state is ignored 

1 

Default 
At RSTIN 
. None 

0 

5.5.2.3 ICW3 -Initialization Command Word 3 

Port Addresses 021 H - Write only 

This address accesses only Interrupt Controller 1. 

7 6 5 4 3 2 1 

0 0 0 0 0 12 0 
H_L 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . .. None 

Bits 7-3 - Not used, must be set to 0 

Bit 2 -12 H_L, Interrupt 2 Has Slave 

12 H_L = 0-
Interrupt 2 does not have the Slave 

12 H_L = 1 -
Interrupt 2 has the Slave 

Bits 1-0 - Not used, must be set to 0 

0 

0 
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Port Addresses OA 1 H - Write only 

This address accesses only Interrupt Controller 2. 

7 6 5 4 3 2 11 10 
0 0 0 0 0 Slave ID 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . . . . None 

Bits 7-3 - Not used, must be set to 0 

Bits 2-0 - Slave 10 

5.5.2.4 ICW4 - Initialization Command Word 4 

Port Addresses 021 H, OA 1 H - Write only 

A Slave does not have ICW4. 

7 6 5 4 3 2 1 

0 0 0 SF 0 0 AUT 
NM EOI 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . . . . None 

Bits 7-5 - Not used, must be set to 0 

Bit 4 - S F N M, Special Fully Nested Mode 

SFNM=O-
Not Special Fully Nested Mode 

SFNM=1-
Special Fully Nested Mode 

Bits 3-2 - Not used, must be set to 0 

Bit 1 - AUT_EOI, Auto End Of Interrupt 

AUT EOI = 0-
-Normal End Of Interrupt 

AUT_EOI = 1 -
Automatic End Of Interrupt 

Bit 0 - Not used, must be set to 1 

0 

1 

AT BUS 

5.5.3 Operation 

Once the interrupt controllers are set up, they may 
be programmed by Operation Control Words One 
through Three (OCW1 :3). 

5.5.3.1 OCW1 - Operation Control Word 1 

Port Address 021 H, OA 1 H - Write only 

7 6 5 4 3 2 1 

INT INT INT INT INT INT INT 
7_M 6_M 5_M 4_M 3_M 2_M l_M 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . . .. None 

Bit 7 - Interrupt 7 Mask 

Bit 6 - Interrupt 6 Mask 

Bit 5 - Interrupt 5 Mask 

Bit 4 - Interrupt 4 Mask 

Bit 3 - Interrupt 3 Mask 

Bit 2 - Interrupt 2 Mask 

Bit 1 - Interrupt 1 Mask 

Bit 0 - Interrupt 0 Mask 

0 

INT 
O_M 
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5.5.3.2 OCW2 - Operation Control Word 2 

Port Address 020H, OAOH - Write only 

7 16 15 4 3 2 I 1 Ie 
EOI_CONT 0 0 INT_LEV 

Signal 
Name 

Default 
At RSTIN 

All signals ............... None 

Bits 7-5 - EOLCONT, End Of Interrupt 

EOI_CONT 
7 6 5 

o 0 0 - Clear Rotate On 
Automatic EOI 

0 0 1 - Non-specific EOI 

0 0- Not used 

0 1 - Specific EOI 

0 o - Set Rotate on 
Automatic EOI 

0 1 - Rotate on Non-
Specific EOI 

o -Set Priority 

1 - Rotate on Specific EOI 

Bits 4, 3 - Must be set to 0 

Bits 2-0 -INT_LEV, Interrupt Level 

To enable the setting of the interrupt level 
(I NT_LEV), EOI_CONT must be set to 1 1 0 
(Set Priority). 

INT_LEV 
2 1 0 

o 0 0 - Interrupt Level 0 

t 
1 - Interrupt Level 7 

WD771 O/WD771 OLP 

5.5.3.3 OCW3 

Port Address 020H, OAOH - Write only 

7 6 I 5 4 3 2 1 I 0 

0 SMM 0 1 P_C IRR_ISR 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . . . . None 

Bit 7 - Must be set to 0 

Bits 6, 5 - SMM, Special Mask Mode 

SMM 
6 5 

o 0 Not used 

o Not used 

o Reset Special Mask Mode 

1 Set Special Mask Mode 

Bit 4 - Must be set to 0 

Bit 3 - Must be set to 1 

Bit 2 - P _C, Poll Command 

P _C = 0-
No Poll Command 

P _C = 1 -
Poll Command 

Bits 1-0 -IRR_ISR, Interrupt Request Register 
and Interrupt Service Register 

IRR_ISR 
1 0 

o 0 - Not used 

o 1 - Not used 

o - Read Interrupt Request Register 

1 - Read Interrupt Service Register 
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5.6 SYSTEM CONTROLLER 8254 TIMER 

The System Controller contains an 8254 
equivalent timer containing three independent 
counters. All the timers run off of a 1.19 MHz 
clock derived from the 14.318 MHz clock input. 
The GATEO and GATEl signals are tied high. 
The GATE2 signal is tied to register 61 H, bit O. 
The counters decrement when counting. The 
largest possible count is O. 

I/O 
ADDRESS 
040H 
041H 
042H 
043H 

TIMER 
CHANNEL 

AT BUS 

READ/ 
USE WRITE 

Timer 0 Count/Status ReadIWrite 
Timer 1 Count/Status Read/Write 
Timer 2 Count/Status Read/Write 
Control Word Write 

USE Each counter may be programmed for different 
counting modes and the count may be read back. 
To initialize a counter, the Control Word must be 
written, followed by one or two bytes of count if 
needed. Refer to Table 5-7 for the correct Control 
Word Format. Each counter may be programmed to 
count in BCD o"r binary. 

0 Time of Day (Interrupt) 
1 Refresh Request 
2 Speaker 

CONTROL WORD (FORMAT 1) -1/0 Address 043H - Counter Latch Command 

0 BCD 
1-3 Mode 000 Mode 0 

001 Mode 1 
Xl0 Mode 2 
Xll Mode 3 
100 Mode 4 
101 Mode 5 

4-5 Function 00 Counter Latch Command 
01 ReadIWrite Low Byte 
10 ReadIWrite High Byte 
11 ReadIWrite Low Byte then High Byte 

6-7 Counter 00 Counter 0 
01 Counter 1 
10 Counter 2 

CONTROL WORD (FORMAT 2) - 1/0 Address 043H - Read Back Command 

0 0 
1 Select Counter 0 
2 Select Counter 1 
3 Select Counter 2 
4 Latch Status 
5 Latch Count 
6-7 11 

TABLE 5-7. CONTROL WORD FORMAT 
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5.6.1 Setup 

Each counter may be set in one of six modes by 
writing a Control Word (format 1). The Control Word 
must specify the counter and the number of count 
bytes to be written. A new count may be written at 
any time. 

5.6.1.1 Mode 0 Interrupt on Terminal Count 

The counter starts when the count is loaded. 
When the count = 0, the counter continues count
ing from FFFFH in binary mode or 9999 in BCD 
mode. GATE = 1 enables counting. GATE = 0 
disables counting. 

OUT goes low when the counter starts. It goes 
high when the count = 0, and stays high until a 
new count or mode is written. 

If a new count is written while the counter is 
counting, it will be loaded on the next clock pulse. 

5.6.1.2 Mode 1 Hardware Retriggerable One 
Shot 

The counter starts when GATE goes from low to 
high. When the count = 0, the counter continues 
counting from FFFFH in binary mode or 9999 in 
BCD mode. 

Any time GATE goes from low to high, the counter 
is reloaded with the original count and the counter 
started. 

OUT goes low when GATE goes from low to high. 
It goes high when the count = o. If a new count is 
written while the counter is counting, it will be 
loaded the next time GATE goes from low to high. 

5.6.1.3 Mode 2 Rate Generator 

The counter starts when the count is loaded. 
When the count = 0, the counter is reloaded and 
the counter is started again. GATE = 1 enables 
counting. GATE = 0 disables counting. If GATE 
goes from low to high, the counter is reloaded. 

OUT is initially high. When the count = 1, OUT 
goes low for one clock. 
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If a new count is written while the counter is 
counting, it will be loaded the next time the count 
= 0 or when GATE goes from low to high. 

5.6.1 .4 Mode 3 Square Wave Generator 

The counter starts when the count is loaded. 
When the count = 0, the counter is reloaded and 
the counter started again. GATE = 1 enables 
counting. GATE = 0 disables counting. If GATE 
goes from low to high, the counter is reloaded. 

When the counter starts, OUT is high. When the 
count is half done, OUT goes low. If GATE goes 
low then OUT will go high. 

If a new count is written while the counter is 
counting, it will be loaded the next time the count 
= 0 or when GATE goes from low to high. 

5.6.1.5 Mode 4 Software Triggered Strobe 

The counter starts when the count is loaded. 
When the count = 0, the counter continues count
ing from FFFFH in binary mode or 9999 in BCD 
mode. GATE = 1 enables counting. GATE = 0 
disables counting. OUT is initially high. When the 
count = 0, OUT goes low for one clock. 

If a new count is written while the counter is 
counting, it will be loaded on the next clock pulse. 

5.6.1.6 Mode 5 Hardware Triggered Strobe 

The counter starts when the count is loaded. When 
the count = 0, the counter continues counting from 
FFFFH in binary mode or 9999 in BCD mode. GATE 
= 1 enables counting. GATE = 0 disables counting. 
If GATE goes from low to high, the counter is 
reloaded. OUT is high when the counter starts. 
When count = 0, OUT goes low for one clock. If a 
new count is written while the counter is counting, it 
will be loaded the next time the count = 0 or when 
GATE goes from low to high. 
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5.6.2 Reading The Counter 

There are three ways of reading the counters: 

1. The count is read directly. This mode can 
cause false readings due to the fact that the 
counter may be changing while it is read. 

2. The count may be read via a Counter Latch 
Command. (See Control Word format 1). This 
command latches the count so that it may be 
read without changing. 

3. The count may be read via a Read Back Com
mand. (See Control Word format 2). This 
command is the equivalent of multiple Counter 
Latch Commands. 

5.6.3 Reading Status 

The status of a counter may be read by issuing a 
Read Back Command with data bit 4 = o. (See 
Control Word format 2). Bits 0-5 are the same as 
the command word for the counter. Bit 6 tells 
whether the last count that was written has been 
loaded into the counter. Bit 7 reflects the state of 
the OUT pin. 

STATUS 
WORD 

0 BCD 
1-3 Mode 
4-5 Function 
6 New Count Written 
7 Out Status 

AT BUS 

5.6.4 Page 

The page register is an 8-bit by 16-byte dual
ported RAM. It is used during refresh cycles and 
to generate address bits 16 to 23 for 8-bit DMA 
transfers and address bits 17 to 23 for 16-bit DMA 
transfers. One port of the RAM is a read-only port 
for DMA or refresh cycles and the other is a 
read/write port for the 80286 CPU. 

5.6.5 Refresh Address 

This block contains an ii-bit counter that is used 
for the address during a refresh. 
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5.7 SYSTEM CONTROLLER DECODE 

ADDRESS DECODES 
9 8 7 6 543 2 1 0 

0 0 0 0 0 X X X X X DMA Controller 1 (Ch 0-3) 
0 0 0 0 1 X X X X X Interrupt Controller Master 
0 0 0 1 0 X X X X X Timer 
0 0 0 1 1 0 X X X 1 Port B (PIO) 
0 0 0 1 1 1 X X X 0 Real-Time Clock (Address) 
0 0 0 1 1 1 X X X 1 Real-Time Clock (Data) 
0 0 1 0 0 X X X X X Page Register (except 092H) 
0 0 1 0 0 1 0 0 1 0 ALT 20 GATE, Hot Reset 
0 0 1 0 1 X X X X X Interrupt Controller Slave 
0 0 1 1 0 X X X X X DMA Controller 2 (Ch 4-7) 

TABLE 5-8. DECODE ADDRESSES 

5.7.1 Page Register Decodes 

Address Decode 

0087H DMA Channel 0 
0083H DMA Channel 1 
0081H DMA Channel 2 
0082H DMA Channel 3 
008BH DMA Channel 5 
0089H DMA Channel 6 
008AH DMA Channel 7 
008FH Refresh 

TABLE 5-9. PAGE REGISTER 
DECODES 

NOTE 
Page register data appears on address 
bits A23-A 16 during refresh and 8-bit 
DMA cycles. For 16-bit DMA cycles 
(channels 5-7), the LSB of the page 
register does not appear. 
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OOO-OOF 
020-03F 
040-05F 
061-06F (odd) 
070-07E (even) 
071-07F (odd) 
080-09F 
092 
OAO-OBF 
OCO-ODF 
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5.8 NMI AND REAL TIME CLOCK 

5.8.1 Real Time Clock Address Register 

Port Address 070H-07EH even - Write only 

There is only one RTC Address Register. All even 
number addresses from 070H through 07EH ac
cess this register. 

7 6 5 4 3 2 1 0 

0 RTC RTC RTC RTC RTC RTC RTC 
NMI A6 A5 A4 A3 A2 A1 AO 

Signal Default 
Name At RSTIN 
D_NMI ................. 1 
RTC6 - RTCO .. . . . . . . . . . . . None 

Bit 7· D_NMI, Disable Non-Maskable Interrupt 

D_NMI = 0-
Non-Maskable Interrupt enabled 

D_NMI = 1 -
Non-Maskable Interrupt disabled 
(Default value) 

Bits 6·0· RTCA6 through RTCAO, Real-Time 
Clock Address 

RTCA6 through RTCAO provide the 128 ad
dresses of the Real-Time Clock area. The 
data selected by this address is available by 
reading the RTC Data Register at the odd 
numbered locations, 071 H-07FH. 

071H-07FH 

Data l 
,------,I ~ 

070H-07EH 

7FH 

128 Bytes 
Real 
Time 
Clock 

Including 

8 Bytes 
Password 

OOH 

AT BUS 

5.8.2 Real·Time Clock Data Register 

Port Address 071 H-07FH odd - Read and Write 

There is only one RTC Data Register. All odd 
number addresses from 071 H through 07FH ac
cess this register. 

Data is transferred between this register and the 
memory location selected by the RTC Address 
Register. The data bus used is selected by bit 15 
of the register at Port Address 2872H (refer to 
section 7.2). 

Real-Time Clock Data 

5.8.3 Lock Pass, Alternate A20G And Hot Reset 

Port Address 092H - Read and Write 

7 6 

Signal 
Name 

5 4 3 2 

LOCK 
PASS 

Bits 7-4,2 ............. . 
LOCK PASS ........... . 
ALT_A20G .... . 

1 

ALT 
A20G 

Default 
At RSTIN 

None 
o 
o 

HOT_RST ............. . o 
Bit 3 . LOCK_PASS 

0 

HOT_ 
RST 

LOCK_PASS is used to prevent access to 
the eight byte password located in the Real
Time Clock area. The protected addresses 
are 38H through 3FH. Before LOCK_PASS 
can be set, bit 02 of the register at Port Address 
2872H must be set to o. Once LOCK_PASS is 
set, it can only be reset by NRSTIN. 

LOCK_PASS = 0 -
The eight byte password area is acces
sible. 

LOCK PASS = 1 -
The eight byte password area is not 
accessible. 
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Bit 1 - ALT_A20G, Alternate A20 Gate 

Normally, the state of ALT _A20G is ORed 
with the external A20GT signal. If either 
ALT_A20G or A20GT is high, the A20 line is 
ungated. If both ALT-A20G and A20GT are 
low, A20 will be gated low. 

As an option, ALT_A20G may be programmed 
by the Diagnostic Register at Port Address 
9872H to automatically change state to 
match that of the Keyboard's A20GATE. 

Bit 0 - HOT_RST, Hot Reset 

A processor reset (CPU RES) is generated 
128 CPUCLKs after the HOT _RST changes 
from a 0 to 1. The CPURES is 16 clock pulses 
wide. 

5.9 PARITY ERROR AND 1/0 CHANNEL 
CHECK 

Port Address 061 H- 06FH odd 
Bits 7-4 - Read only, Bits 3-0 - Read and Write 

Odd numbered Port Addresses 061 H through 
06FH provide access to parity error and I/O Chan
nel Check of the expansion bus. 

7 6 

PE lOCK 

Signal 
Name 
PE ... 
lOCK 
OUT2 . 
REFDT 
D_IOC . 
D_PE . 
ENSPK 
TMR2G 

5 

OUT 
2 

4 3 

REF D 
DT IOC 

2 

D 
PE 

1 

ENS 
PK 

Default 
At RSTIN 

o 
o 
NA 
1 
o 
o 
o 

. 0 

0 

TMR 
2G 

WD771 O/WD771 OLP 

Bit 7 - PE, Parity Error (read only) 

PE = 0-
No Parity Error 

PE = 1 -
Parity Error 

Bit 6 - lOCK, I/O Channel Check from the 
expansion bus (read only) 

lOCK = 0-
No I/O Channel Check Error 

lOCK = 1 -
I/O Channel Check Error 

Bit 5 - OUT2, from timer channel 2 (read only) 

OUT2 represents the state of the Timer 2 
output. 

Bit 4 - REFDT, changes state on each refresh 
(read only) 

Bit 3 - D_IOC, Disable I/O Channel Check (read 
and write) 

D_IOC=O-
I/O channel check from the expansion 
bus is not disabled. 

D_IOC = 1 -
I/O channel check from the expansion 
bus is disabled. 

Bit 2 - D_PE, Disable Parity Error Check (read 
and write) 

D_PE=O-
Parity error checking not disabled. This 
may be overridden by Port Address 
register 6072H, bit 10 for systems without 
parity RAM. 

D_PE = 1 -
Parity error checking disabled 

Bit 1 - ENSPK, Enable Speaker 

ENSPK = 0-
Speaker is not enabled 

ENSPK = 1 -
Speaker is enabled 

Bit 0 - TMR2G, Gate for Timer Channel 2 

TMR2G = 0-
Timer Channel 2 gated low 

TMR2G = 1 -
Timer Channel 2 output enabled 
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6.0 MEMORY AND EMS CONTROL 
This section describes the DRAM address bus 
and the EMS memory configuration and control 
registers. 

6.1 DRAM ADDRESS AND DATA BUS 

The memory address bus is multi-functional. 
During DRAM cycles, the DRAM row and column 
addresses are present on RA 11 through RAO. 
During I/O cycles, RA 11 through RA08 (CS3-
CSO)are used to decode 16 possible Chip 
Selects. Also, during I/O cycles to devices such 
as the Keyboard Controller, RA7 through RAO be
come the Data Bus bits ED7 through EDO. 

The RAS and CAS lines are designed to drive the 
DRAM array directly without the use of external 
drivers. RA 10 through RAO are capable of driving 
350 pF, the equivalent load of two banks of one bit 
wide RAM, plus two banks of four bit wide RAM 
(48 DRAMs). 

MEMORY AND EMS CONTROL 

The WiR signal at pin 119 should be buffered 
before use. Write protection is accomplished by 
not asserting CAS to the local DRAM while 
MEMW at pin 37 is asserted. 

The on-board DRAM may be disabled so that ex
ternal cards such as EMS may provide memory. 
The DRAM may be disabled in three stages, from 
128 Kbyte to 640 Kbyte, 256 Kbyte to 640 Kbyte 
and 512 Kbyte to 640 Kbyte. 

When disabling anyon-board DRAM, the register 
at Port Address 6872H must not be programmed 
to enable the on-board lower EMS Page Frame. 

The WD7710 and WD7710lP provide support for 
DRAM banks to be independent or two-way page 
interleaved. DRAM banks that are interleaved 
must be of the same DRAM size. 
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6.2 MEMORY CONFIGURATION 

6.2.1 Memory Control 

Port Address 3872H - Read and Write 

15 14 13 112 11 10 1 09 I 08 

PG CA PG ILV 
CAS 

07 106 05 I 04 03 102 01 I 00 

SIZE SIZE SIZE SIZE 
BNK3 BNK2 BNK1 BNKO 

Signal Default 
Name At RSTIN 
PG CAS . 0 
CA-. . . . 00 
~ ... .0 
ILV . . . . . 00 
SIZE_BNK3 . 00 
SIZE_BNK2 . . . . .. 00 
SIZE_BNK1 ..... . .. 00 
SIZE_BNKO ..... . .. 00 

Bit 15 - PG_CAS, Page Mode CAS Width 

PG_CAS = 0 - Read CAS pulse width is 2.5 
CPUCLK clocks (Default value). 

PG_CAS = 1 - Read CAS pulse width is 2 
CPUCLK clocks. This is required for 
80386SX Pipeline mode. 

Bit 14 - Reserved for future use, should be set to O. 

Bits 13, 12 - CA, Cache Mode 

Enabling the Cache Mode adds an additional 
wait state to the beginning of on-board read 
cycles. On-board read cycles occur only for 
cache misses. If the RDYIN signal indicates 
that the external cache has experienced a 
zero wait state read hit, the DRAM read cycle 
is aborted. 

Pin 51 of the System Controller serves one of 
three functions, depending upon the mode 
selected by CA. Pin 51 may represent the 
RDYIN (Ready In), CKA (Alternate Clock) or 
PE (Parity Error). 

WD 771 O/WD771 OLP 

When CA is changed, a hold acknowledge 
cycle is required before the change goes into 
effect. 

CA 1312 

o 0 - Cache Mode not enabled. 
Pin 51 may be used as the 
alternate clock CKA. 
(Default value) 

o 1 - Cache Mode enabled. 

1 0 - External Memory Controller. 
Pin 51 becomes PE and is 
connected to the parity error 
line of the external memory 
controller. 

1 1 - Pin 51 may be used as the 
alternate clock CKA. When 
CAS Input Mode is enabled, 
PE on pin 111 becomes an input 
and represents an error. (See 
pin 12 description in Table 3-2 
on selecting CAS Mode.) 

Bit 11 - PG, Page Mode 

PG = 0 - Non-page mode (Default value) 
Word interleaving is employed when 
bank interleaving is enabled by I LV. 
Non-page mode is not supported in 
1 Mbit x 16 chips and 2Mbits x 16 con
figurations. 

PG = 1 - Page mode 
Page mode interleaving is performed 
when bank interleaving is enabled by ILV. 

Bits 10-08 - ILV, Interleave 

In Non-page Mode (PG = 0), word interleav
ing is employed. In Page Mode (PG = 1), 
Page Mode interleaving is used. Four-way in
terleave is only supported in Page Mode 
when four banks are installed using one of 
the following DRAM configurations: 4 
Mbits x 16; 512Kbits x 16; 1 Mbit x 16 chips; 
or 2Mbits x 16. Interleave of 64 Kbits x 16 
DRAM is not supported by any of the System 
Controllers. 

DRAM banks must be of the same size and 
assigned the same starting address when 
they are interleaved together. 

ADVANCED INFORMATION 11/25/91 7-47 



WD771 O/WD771 OLP MEMORY AND EMS CONTROL 

IlV 100908 Bits 05,04 - SIZE_BNK2, Size of Bank 2 

o 0 0 - No interleaving performed 
o 0 1 - Banks 0 and 1 are interleaved 

Banks 2 and 3 are not 
interleaved 
Banks 0 and 1 must be the 
same size 

o 0 - Banks 0 and 1 are not 
interleaved 
Banks 2 and 3 are interleaved 

o 1 - Banks 0 and 1 are interleaved 
Banks 2 and 3 are interleaved 
(Each pair must be the same 
size. Banks 0 and 1 may be 
a different size from Banks 2 
and 3.) 

1 O. 0 - Page Mode four-way interleave 

PORT 
7472 

BIT14 

0 

0 

0 

0 

1 

1 

1 

1 

PORT 3872 BANK 2 SIZE 

BITS BIT4 

0 0 64Kbits x 16 

0 1 256Kbits x 16 

1 0 1 Mbits x 16 

1 1 4Mbits x 16 

0 0 512Kbits x 16 

0 1 1 Mbits x 16 chip 

1 0 2 Mbits x 16 

1 1 Reserved 

(Banks 0, 1,2 and 3 must have Bits 03, 02 - SIZE_BNK1, Size of Bank 1 
one of the following DRAM con
figurations installed: 4 Mbits x 16; 
512 Kbits x 16; 2Mbits x 16; or 
1 Mbit x 16 chips.) 

DRAM Banks 3 through 0 

The WD7710 and WD7710lP support all DRAM 
sizes. The DRAM sizes may be mixed. 

Bits 07, 06 - SIZE_BNK3, Size of Bank 3 

PORT 
7472 PORT 3872 BANK3SIZE 

BIT 15 BIT7 BIT6 

0 0 0 64Kbits x 16 

0 0 1 256Kbits x 16 

0 1 0 1 Mbits x 16 

0 1 1 4Mbits x 16 

1 0 0 512Kbits x 16 

1 0 1 1 Mbits x 16 chip 

1 1 0 2 Mbits x 16 

1 1 1 Reserved 

PORT 
7472 PORT 3872 BANK 1 SIZE 

BIT13 BIT3 BIT2 

0 0 0 64Kbits x 16 

0 0 1 256Kbits x 16 

0 1 0 1 Mbits x 16 

0 1 1 4Mbits x 16 

1 0 0 512Kbits x 16 

1 0 1 1 Mbits x 16 chip 

1 1 0 2 Mbits x 16 

1 1 1 Reserved 

Bits 01,00 - SIZE_BNKO, Size of Bank 0 

PORT 
7472 PORT 3872 BANKO SIZE 

BIT12 BIT1 BITO 

0 0 0 64Kbits x 16 

0 0 1 256Kbits x 16 

0 1 0 1 Mbits x 16 

0 1 1 4Mbits x 16 

1 0 0 512Kbits x 16 

1 0 1 1 Mbits x 16 chip 

1 1 0 2 Mbits x 16 

1 1 1 Reserved 
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6.2.2 Memory Bank 3 Through Bank 0 
Starting Address 

Port Address 4872H - Read and Write 

15 114 1 13 1 12 1 11 1 10 1 09 1 08 
A24 A23 A22 A21 A20 A19 A18 A17 

Bank 1 start address 

07 1 06 1 05 1 04 1 03 1 02 1 01 J 00 
A24 A23 A22 A21 A20 A19 A18 A17 

Bank 0 start address 

Port Address 5072H - Read and Write 

15 114 1 13 1 121 11 I 10 I 09 1 08 
A24 A23 A22 A21 A20 A19 A18 A17 

Bank 3 start address 

07 1 06 1 05 .1 04 1 03 1 02 1 01 1 00 
A24 A23 A22 A21 A20 A19 A18 A17 

Bank 2 start address 

~D7710AVD7710LP 

The starting address of the bank must be 
programmed on boundaries corresponding to the 
bank size. Smaller banks must be placed at a 
higher starting address than larger banks. The size 
of the bank is automatically set by the type and size 
of the RAM. When banks are interleaved, in either 
page or non-page mode, the interleaved banks 
should be enabled and programmed to the same 
starting address. 

The bank size is doubled for two-way interleave and 
quadrupled for four-way interleave. For example, if 
bank 0 has 256 Kbit DRAMs and banks 2 and 3 
have 1 Mbit DRAMs, the starting address for 
banks 2 and 3 should be zero. Both banks should 
be enabled. The size of the combined banks is 4 
Mbytes, double the size of the individual banks. 
The starting address for bank 0 should then be at 
4 Mbytes. For three banks of the same size, in 
which two are interleaved, the two interleaved 
banks must be placed at a lower starting address 
than the third bank. 

RAM SIZE PAGE SIZE BANK SIZE 

64Kbits x 16 512 Bytes 128 Kbytes 

256 Kbits x 16 1024 Bytes 512 Kbytes 

1 Mbits x 16 2048 Bytes 2048 Kbytes 

4 Mbits x 16 4096 Bytes 8192 Kbytes 

512 Kbits x 16 1024 Bytes 1024 Kbytes 

1 Mbit x 16 512 Bytes 2048 Kbytes 
chips 

2 Mbits x 16 1024 Bytes 4096 Kbytes 
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6.2.3 Split Starting Address 

Port Address 5872H - Read and Write 

15 14 13 12 11 I 10 09 108 

EN EN EN EN DRAM SPLIT -BK3 BK2 BK1 BKO DRV SIZE 

07106105 1 04 103 102 01 100 

A24 A23 A22 A21 A20 A19 

Signal Default 
Name At RSTIN 
EN_BK3 ................ 0 
ENBK2 ................ 0 
EN-BK1 ................ 0 
EN-BKO ................ 0 
DRAM DRV .............. 00 
SPLIT-SIZE .............. 00 
Bits of 00 . . . . . . . . . . . . . . . None 

Bit 15 - EN_BK3, Enable Bank 3 

EN_BK3 = 0-
Bank 3 is disabled (Default value) 

EN_BK3 = 1 -
Bank 3 is enabled 

Bit 14 - EN_BK2, Enable Bank 2 

EN_BK2 = 0-
Bank 2 is disabled (Default value) 

EN_BK2 = 1 -
Bank 2 is enabled 

Bit 13 - EN_BK1, Enable Bank 1 

EN_BK1 = 0-
Bank 1 is disabled (Default value) 

EN_BK1 = 1 -
Bank 1 is enabled 

Bit 12 - EN_BKO, Enable Bank 0 

EN_BKO = 0-
Bank 0 is disabled (Default value) 

EN_BKO = 1 -
Bank 0 is enabled 

Bits 11, 10 - DRAM_DRV, DRAM Driver Strength 

The DRAM address driver strength may be 
adjusted for capacitive load. When adjusted 
properly, output overshoot and undershoot is 
minimized while still meeting worst case 

MEMORY AND EMS CONTROL 

DRAM timing. The DRAM RAS, CAS and 
address buffers also automatically compen
sate for variations in temperature, voltage 
and manufacturing process. 

DRAM_DRV 
11 10 

o 0 - Full strength DRAM address 
drive, up to 350 pF 
(Default value) 

o - Low strength DRAM address 
drive, up to 100 pF 

o - Medium strength DRAM address 
drive, up to 180 pF 

- High strength DRAM address 
drive, up to 260 pF 

Bits 09, 08 - SP SIZE, Split Size 

The split is implemented by moving the block 
of memory between OAOOOOH through 
OFFFFFH to another area. The destination 
area must start on a 512 Kbyte boundary. If 
BIOS is to be shadowed, the split size must 
be 320 Kbyte for a 64 Kbyte shadow or 256 
Kbyte for a 128 Kbyte shadow, and the RAM 
Shadow And Write Protect Register (Port 
6072H) must also be programmed. 

Figure 6-1 illustrates that the memory from 
OAOOOOH (640 Kbyte) to 100000H (1024 
Kbyte) is available for remapping. The 
remapping may start at 100000H, providing 
384 Kbyte of extended memory, or may start 
at OFOOOOH to allow BIOS shadowing, with 
320 Kbyte of extended memory. Only a 
single bank may be split. The bank to be split 
must be at least 512 Kbyte or larger. 

SPLIT SIZE 

0908 

o 0 - No split (Default value) 
o 1 - 256 Kbyte split, memory moved 

from OAOOOOH to ODFFFFH 
o - 320 Kbyte split, memory moved 

from OAOOOOH to OEFFFFH 
- 384 Kbyte split, memory moved 

from OAOOOOH to OFFFFFH 

Bits 07-02 - A24-A19, Split Starting Address 

Bits 01,00 - Not used, state is ignored 
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HEX 
ADDRESS 

150000 
140000 
13FFFF 
120000 
110000 
100000 
OFOOOO 
OEFFFF 
ODOOOO 
oeoooo 
OBFFFF 
OAOOOO 
09FFFF 
090000 
080000 

.... 

RAM 
RAM 
RAM 
RAM 

BIOS Shadow RAM 
NO RAM 
NO RAM 

BIOS Shadow RAM 
NO RAM 
NO RAM 

- AT STYLE -
256K Split with 

256K 
moved 

J 
640K 

HEX 
ADDRESS 

150000 
140000 
130000 RAM 

120000 RAM 
110000 RAM 
100000 RAM 
OFOOOO BIOS Shadow RAM 

OEOOOO BIOS Shadow RAM 

ODFFFF NO RAM 
oeoooo NO RAM 
OBOOOO NO RAM 

OAOOOO NO RAM 
09FFFF 
090000 
OBOOOO 

- PS/2 STYLE -
256K Split with 
64K main BIOS shadow 

WD771 O/WD771 OLP 

256K 
moved 

~J 
640K 

64K main BIOS shadow 
64K video BIOS shadow 64K video BIOS shadow 

HEX 
ADDRESS 

150000 
140000 
130000 
120000 
110000 
100000 
OFOOOO 
OEFFFF 
000000 
oeoooo 
OBOOOO 
OAOOOO 
09FFFF 
090000 
080000 

.... .•....•...... 

RAM 320K 

RAM moved 

~ 
RAM 
RAM 
RAM 

BIOS Shadow RAM 
NO RAM 
NO RAM 
NO RAM 
NO RAM 
NO RAM 

..... 

320K Split with 
32K main BIOS shadow 
32K video BIOS shadow 

640K 

HEX 
ADDRESS 

150000 
140000 
130000 
120000 
110000 
100000 
OFFFFF 
OEOOOO 
ODOOOO 
oeoooo 
OBOOOO 
OAOOOO 
09FFFF 
090000 
080000 

FIGURE 6-1. SPLIT SIZE 

RAM 
RAM 
RAM 
RAM 
RAM 
RAM 

NO RAM 
NO RAM 
NO RAM 
NO RAM 
NO RAM 
NO RAM 

3B4K Split with 
no shadow 
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384K 
moved 

~ 
640K 

7-51 



WD771 O/WD 771 OLP 

6.2.4 RAM Shadow And Write Protect 

Port Address 6072H - Read and Write 

15 114 13 12 11 10 09 1 08 

DIS_MEM HM WP INV PAR_ SHD 
WP- PAR- DIS 

07 06 05 I 04 03 102 01 1 00 

X VB_SIZ ROM_ BL_MOU 
MEM TYP 

Signal 
Name 

Default 
At RSTIN 

DIS_MEM ........... 00 
HM_WP . . . . . . . . . . . . . 0 
WP ............... 0 
INV PAR ............... 0 
PAR DIS ............... 0 
SHD- .................. 00 
X MEM ...... 0 
Bit 06 ..... None 
VB_SIZ ...... 00 
ROM TYP . . . . . 00 
Bl_MOUt ........... 00 

.... Featured only in the WD771 OlP 

Bit 15,14 - DIS_MEM, Disable On-board Memory 

DIS_MEM 
1514 

o 0 - On-board memory from 128 KB 
to 640 KB not disabled 

o 
(Default value). 

- On-board memory from 512 KB 
to 640 KB disabled. 

o - On-board memory from 256 KB 
to 640 KB disabled. 

- On-board memory from 128 KB 
to 640 KB disabled. 

Bit 13 - HM_WP, High Memory Write Protect 
Enable 

This bit enables the write protection for the 
memory boundary established by the register 
at Port C072H. 

HM_WP =0-
High memory write protect not enabled 
(Default value). 

HM_WP = 1 -
High memory write protect enabled. 

MEMORY AND EMS CONTROL 

Bit 12 - WP, Shadowed BIOS Write Protect 
Enable 

WP = 0-
Write protect for shadowed BIOS not 
enabled (Default value). 

WP = 1 -
Write protect for shadowed BIOS enabled. 

Bit 11 -INV_PAR, Invert Parity 

INV_PAR = 0-
Normal parity when writing to on-board 
DRAM (Default value). 

INV_PAR = 1 -
Invert parity when writing to on-board 
DRAM. 

Bit 10 - PAR_DIS, Parity Checking Disabled 

Parity checking is normally enabled or dis
abled by Port 061 H. Setting PAR_DIS over
rides the Port 061 H setting and disables 
parity checking. This ability is provided for 
systems without parity RAM. 

PAR_DIS = 0-
Parity checking as selected by Port 
061 H (Default value). 

PAR_DIS = 1 -
Parity checking disabled. 

Bits 09, 08 - SHD, Shadow BIOS 

Before the BIOS can be shadowed, the 
SPLIT_SIZE field in the Split Starting Address 
Register at Port 5872H must be programmed 
to non-zero. 

ROM at FEOOOOH through FFFFFFH, the top 
of 16 MByie address space is never 
shadowed. 

Option SHD 11 should be used when Video 
Remap Function is desired (i.e. Video BIOS 
in the lower half of EPROM shows up at 
COOOOH). 

64 Kbyte of system BIOS at OFOOOOH 
through OFFFFFH, and up to 64 Kbyte of 
video BIOS at OCOOOOH through OCFFFFH, 
may be shadowed. This type of shadowing is 
accomplished by setting SHD = 10 and then 
writing the system and video BIOS into 
OEOOOOH through OFFFFFH. When SHD is 
set to 11, the video BIOS appears at 
OCOOOOH through OCFFFFH rather than 
OEOOOOH through OEFFFFH. 
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The video shadow size at OCOOOOH -
OCFFFFH is determined by VB_SIZ, the 
video BIOS size field. 

SHD 
0908 

tOO - No BIOS shadowing, allows 
384 KB remap (Default value). 

t 

o - 64 KB system BIOS shadow, 
OFOOOOH - OFFFFFH, allows 
320 KB remap. 

1 0 - 128 KB system BIOS shadow, 
OEOOOOH - OFFFFFH, allows 
256 KB remap. 

1 1 - 64 KB system BIOS shadow, 
OFOOOO - OFFFFF and video 
BIOS shadow, allows 256 KB 
remap. 

t See note following bits 01, 00. 

Bit 07 - X_MEM, Shadow BIOS for Read/Write 
Memory 

When SHD (bits 09 and 08) equals 11, X_MEM 
provides the means of using RAM from 
E8000H through EFFFFH not being used for 
video BIOS shadowing, to be used as 
read/write memory. 

X_MEM = 0 . SHD = 11 

ROM_ TYP = 10 . VB_SIZ = 01 

HEX 
ADDR. 

140000 
130000 
120000 
110000 
100000 
OFFFFF 
OFOOOO 
OEFFFF 
OEOOOO 
ODOOOO 
OC8001 
OC8000 
OCOOOO 

... 

Extended 
RAM 

64K 
System BIOS 

32K 
Video BIOS 

256K 
remapped 

Shadowed, 
write protected 

Shadowed, 
write protected 

FIGURE 6-2. X_MEM = 0 

WD7710/WD7710LP 

X_MEM = 1 . SHD = 11 

ROM_ TYP 10· VB_SIZE = 01 

HEX 
ADDR. 

140000 
130000 
120000 
110000 
100000 
OFFFFF 
OFOOOO 
OEFFFF 
OE8000 
OE7FFF 
OC8001 
OC8000 32K 

256K 
remapped 

Shadowed, 
OCOOOO Video BIOS __ ......1 ___ ........ ....-. ........ --1 write protected 

FIGURE 6-3. X_MEM = 1 

Bit 06 - Not used, state is ignored 

Bits 05,04 - VB_SIZ, Video BIOS Size 

VB_SIZ t 
0504 

o 0 - 16 KB video BIOS 
(Default value) 

o - 32 KB video BIOS 

o - 48 KB video BIOS 

1 - 64 KB video BIOS 

t See note following bits 01,00. 

Bits 03, 02 - ROM_ TYP, ROM Type 

For ROM type 00, CSPROM is asserted 
when the address is OEOOOOH - OFFFFFH or 
FEOOOOH - FFFFFFH. 

For ROM type 01, CSPROM is asserted 
when the address is OFOOOOH - OFFFFFH or 
FFOOOOH - FFFFFFH. 

For ROM type 10, CSPROM is asserted when 
the address is OFOOOOH - OFFFFFH, FFOOOOH 
- FFFFFFH or OCOOOOH - OCXFFFH where X 
is determined by VB_SIZ. This allows either a 
128 Kbyte BIOS with a 64 Kbyte system 
BIOS and a 64 Kbyte video BIOS, or a 64 
Kbyte BIOS with a 32 Kbyte system BIOS 
and a 32 Kbyte video BIOS. The 32 Kbyte 
video BIOS portion must be in the bottom half 
of the EPROM and is accessed both at 
COOOOH - CXOOOH and FOOOOH - FXOOOH. A 
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64 Kbyte EPROM needs addresses SA15 -
SAO. A 128 Kbyte EPROM needs addresses 
SA16 - SAO. Neither EPROM needs trans
lated addresses. 

CSPROM is CS4 through CSO, decoded as 
the value of 00. 

ROM_TYP 
03 02 

a a - 128 KB system BIOS, located at 
EOOOOH - FFFFFH 

a - 64 KB system BIOS, located at 
FOOOOH - FFFFFH (Default 
value) 

t 1 a - 64 KB or 128 KB shared BIOS 
System BIOS located at FOOOOH 
- FFFFFH, video BIOS located at 
COOOOH - CXOOOH 

1 1 - Reserved 

t See note following bits 01, 00. 

Bits 01, 00 - BL_MOU, Backlight Mouse Control 
Featured only in the WD771 aLP 

Enabling the Backlight Mouse Control in
creases the CPU speed for one second if 
Auto Clock Switching is on. The AUT JST 
bit is located at Port 1072H bit 11. Enabling 
the Backlight Mouse Control also affects the 
Back/light and LCD timers in the PMC Timer 
Register at Port Address 8072H. 

BL_MOU 
01 00 

a a - No mouse control 
(Default value) 

a 1 - INT12 mouse 

a - INT4 mouse 

1 - INT3 mouse 

MEMORY AND EMS CONTROL 

tNOTE 
When SHD = 11 and X_MEM = 0, or 
SHD = 00 and ROM_ TYP = 10, the por
tion of OEOOOOH DRAM memory that is 
not mapped to OCOOOOH (as determined 
by VB_SIZ) is not accessible. Once a 
portion of OEOOOOH segment is mapped 
to OCOOOOH, all OEOOOOH accesses go 
to the expansion bus without generation 
of CSPROM. This allows AT bus plug-in 
boards and/or drivers to access the 
EOOOOH segment. 

6.2.5 High Memory Write Protect Boundary 

Port Address C072H - Read and Write 

13 12 I 11 I 1 0 09 08 

07 I 06 I 05 I 04 I 03 I 02 I 01 I 00 

A24 A23 A22 A21 A20 A19 A18 A17 

Signal Default 
Name At RSTIN 
Bits 15-08 . . . . . . . . . . . . . .. None 
A24 - A17 ............... 00 

Bits 15-08 - Not used, state is ignored 

Bits 07-00 - A24-A17, Boundary Address 

Memory above the high memory write protect 
boundary is write protected when enabled by 
the HM WP, bit 13 of the RAM Shadow And 
Write Protect Register at Port 6072H. This 
provides an additional write protect region for 
disk caching. 
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6.3 MEMORY TIMING 

The DRAM timing is determined by an internal 
delay line for DMA and Master Mode transfers. 
The RAS lead~e becomes active from the 
active level of MEMR and MEMW. The delay line 
is automatically tuned to fixed delays, using the 
14.318 MHz clock CLK14 as reference. 

When writing to the DRAM memory timing register 
at Port 4072H, the memory timing mode changes 
immediately. The code that programs this register 
should be in ROM and not shadowed in RAM. 

6.3.1 Non-page Mode DRAM Memory Timing 

Port Address 4072H - Read and Write 

15 14 113 

NP_MODE 

07 06 1 05 

NP RAS 
HLD -

Signal 
Name 
Bits 15, 07 
NP MODE 
NP-RAW 
NP:::WCAS 
NP_RCAS 
NP_RAS_HLD 
NP_PWE 
NP_WS ... 

12 11 110 

NP NP_WCAS 
RAW 

04 1 03 1 02 

NP_PWE 

Bit 15 - Not used, state is ignored 

09 108 

- NP_RCAS 

01 I 00 

NP_WS 

Default 
At RSTIN 

None 
')0 
o 
00 
00 
00 
000 
00 

Bits 14, 13 - NP _MODE, Non-Page Mode 

There are two non-page modes available, 
Mode-OO and Mode-01. Mode-OO provides 
one processor clock of row address hold time 
and is used for 1, 2 or 3 wait state memory 
cycles. Mode-01 provides a half processor 
clock of row address hold time and is used 
for 0 wait state memory cycles. Because the 
memory timing may be adjusted in incre
ments of half a processor clock, Mode-OO is 
suited for all DRAM and processor speeds. 

WD771 O/WD771 OLP 

Mode-01 provides a half processor clock row 
address hold time, which is usually sufficient 
for system speeds of 12.5 MHz and slower. 
This compressed timing allows zero wait 
state operation. 

Table 6-1 A shows typically required DRAM 
speeds and register programming values for 
various processor speeds. Because DRAM 
timing varies among manufacturers, the re
quired DRAM speed may differ from those 
listed in the table. 

NP_MODE 
1413 

o 0 - Minimum 1 wait state. 

o 1 - Minimum 0 wait state. 

PROCESSOR NP DRAM WAIT REGISTER 
SPEED MODE SPEED STATES 4072H 

12.5 MHz 01 80 ns 0 3560H 
16 MHz 01 53 ns 0 3560H 
16 MHz 00 80 ns 1 1025H 
20 MHz 00 80 ns 1 1025H 
20 MHz 00 100 ns 2 107AH 

TABLE 6-1A. TYPICAL DRAM SPEEDS 

Bit 12 - NP _RAW, Non-page disable Read After 
Write 

EMS accesses and interleave miss cycles 
(1/0 cycle to device on RAD) may add one 
additional wait state. 

NP _RAW = 0-
Memory read cycles immediately follow
ing a write cycle causes an automatic 
wait state to be added before initiating the 
read cycle. 

NP_RAW = 1 -
Read after write cycles do not have ad
ditional wait states. 

Bit 11, 10 - NP _WCAS, Non-page Write CAS 
Delay 

NP_WCAS 
11 10 

o 0 - CAS write delay 1.0 CLK2 
o 1 - CAS write delay 1.5 CLK2 
1 0 - CAS write delay 2.0 CLK2 
1 1 - CAS write delay 2.5 CLK2 
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Bit 09, 08 - NP _RCAS, Non-page Read CAS 
Delay 

NP_RCAS 
11 10 

o 0 - CAS read delay 1.0 CLK2 
o 1 - CAS read delay 1.5 CLK2 
1 0 - CAS read delay 2.0 CLK2 
1 1 - CAS read delay 2.5 CLK2 

Bit 07 - Not used, state is ignored 

Bits 06, 05 - NP _RAS_HLD, Non-page CAS to 
RAS Hold Time 

The RAS active delay is reduced by half a 
clock during writes if NP _WCAS is set to 1X, 
or during reads if NP _RCAS is set to 1X. 

NP_RAS_HLD 
0605 

o 0 - RAS active until 1.0 clock after 
CAS. 

o - RAS active until 1.5 clock after 
CAS. 

1 0 - RAS active until 2.0 clock after 
CAS. 

1 1 - RAS active until 2.5 clock after 
CAS. 

MEMORY AND EMS CONTROL 

Bits 04-02 - NP _PWE, Non-page CAS Pulse 
Width Extension 

The pulse width is reduced by half a clock 
during writes if NP _WCAS is set to X1, or 
during reads if NP _RCAS is set to 1X. 

NP_PWE 
040302 

o 0 0 - No extension (2 CLK2 normal) 

o 0 1 - Extended by 0.5 CLK2 

o 1 0 - Extended by 1.0 CLK2 

o 1 1 - Extended by 1.5 CLK2 

o 0 - Extended by 2.0 CLK2 

o 1 - Extended by 2.5 CLK2 

o - Extended by 3.0 CLK2 

1 - Extended by 3.5 CLK2 

Bits 01, 00 - NP _WS, Non-page Wait States 

NP _WS makes it possible to unconditionally 
add wait states to all DRAM cycles. Con
dional wait states may be added to read after 
write cycles, EMS accesses and interleave 
miss cycles, with NP _RAW (bit 12). 

NP_WS 
01 00 

o 0 - No wait states added 

o 1 - 1 Wait state added 

o - 2 Wait states added 

1 1 - 3 Wait states added 
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TIMING NUMBER OF CLK2'S 

MODE-DO MODE-01 

Row address to RAS 2 2 

RASwidth 3 + NPH + NPHB /2 1 + NPH + NPHB / 2 

Row address hold 1 0.5 

Column address setup (read) 1 + NPRF /2 0.5 + NPRF /2 

Column address setup (write) 1 + NPWF /2 1 + NPWF / 2 

RAS hold (read from CAS) 1 + NPHB / 2 - NPRF / 2 + NPH 0.5 - NPRF / 2 + NPH 

RAS hold (write) 1 + NPHB / 2 - NPWF / 2 + NPH 0.5 - NPWF / 2 + NPH 

CAS width (read) CD + NPCAS + NPCB / 2 - NPRF / 2 CD + NPCAS + NPCB / 2 - NPRF / 2 

CAS width (write) CD + NPCAS + NPCB / 2 - NPWF /2 CD + NPCAS + NPCB / 2 - NPWF / 2 

RAS precharge 2 x (2 + NP _WS) - RAS width 2 x (2 + NP _WS) - RAS width 

Column address hold 1 - NPCB / 2 1 - NPCB / 2 

CD 2 if NPCAS = 0 or 1 
1 if NPCAS = 2 or 3 

NPWF = Bit 10 NPRF = Bit 08 NPH = Bit 06 NPHB = Bit 05 
NPCAS = Bits 04, 03 NPCB = Bit 02 NP _WS = Bits 01, 00 

TABLE 6-1B. NON-PAGE MODE TIMING 
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6.3.2 Page Mode 

Table 6-2. identifies the type of DRAM cycle and 
number of wait states for the 80286 and 80386SX 
processors. 

PAGE MODE DRAM CYCLE WAIT 
STATES 

80286 Write page hit 0 
Write page first access t 1 
Write page miss 2 
Read page hit 0 
Read after write page hit 1 
Read page first access t 2 
Read page miss 3 

80286 Write page hit o. 
With Write page first access t 1 
Discrete Write page miss 2 
Cache Read cache hit 0 

Read cache miss, page hit 1 
Read cache miss, page first access t 3 
Read cache miss, page miss 4 

80386SX Write page hit, pipeline mode 0 
Write page hit, non-pipeline mode 1 
Write page first access, pipline mode t 1 
Write page miss, pipeline mode 2 
Write page miss, non-pipeline mode 3 
Read page hit, pipeline mode 0 
Read page hit, non-pipeline mode 1 
Read after write page hit, pipeline mode t 1 
Read page first access non-pipeline mode t 3 
Read page miss, pipeline mode 3 
Read page miss, non-pipeline mode 4 

80386SX Write page hit 0 
With Write page first access t 1 
Discrete Write page miss 2 
Cache, Read cache hit 0 
Non-pipe Read cache miss, page hit 1 

Read cache miss, page first access t 3 
Read cache miss, page miss 4 

t Equal Bank sizes, non-EMS cycle 

First access is a page mode memory cycle which immediately follows a 
refresh, DMA or master cycle. It is not necessary for the DRAMs to be 
precharged for a first access cycle, since all RAS signals have been high in 
the previous cycle. This shortens a first access page mode cycle by one wait 
state. For example, a read page miss, non-pipeline mode in 80386SX mode 
is four wait states. A read page miss, non-pipeline mode, first access in 
80386SX mode is three wait states. All installed DRAMs must be the same 
size and configuration and the memory cycle cannot be an EMS cycle for a 
first access to occur. 

TABLE 6-2. PAGE MODE WAIT STATES 
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6.3.3 Memory Address Multiplexer 

The memory address multiplexer generates the 
DRAM row and column address. The DRAM ad
dress multiplexer is designed so that the same 
type socket may be used for 64 Kbyte, 256 Kbyte, 
1 Mbyte or 4 Mbyte SIMM memory modules. 

RA11 I RA10 I RAg I RA8 I RA7 I RA6 I RA5 I RA4 I RA3 I RA2 I RA1 I RAO 

64 KBITS NON-INTERLEAVE 
ROW A13 

I 
A22 I A20 I A18 I A16 I A15 I A14 I A13 I A12 I A11 I A10 

I 
A9 

COL A13 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 

64 KBITS 2-WAY INTERLEAVE OR 256K NON-INTERLEAVE 
ROW A13 

I 
A22 I A20 I A 18 I A 16 I A 15 I A 14 I A 13 I A 12 I A 11 I A10 

I 
A17 

COL A13 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 

64 KBITS 4-WAY INTERLEAVE, 256K 2-WAY INTERLEAVE, 1 MBITS NON-INTERLEAVE 
OR 512 KBITS X 8 2-WAY INTERLEAVE 

ROW A13 I A22 I A20 I A18 I A16 I A15 I A14 I A13 I A12 I A11 I A19 I A17 
COL A13 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 

256 KBITS 4-WAY INTERLEAVE, 1 MBITS 2-WAY INTERLEAVE, 
4 MBITS NON-INTERLEAVE OR 512 KBITS X 8 4-WAY INTERLEAVE 

ROW A13 
I 

A22 
I 

A20 I A18 I A16 I A15 I A14 I A13 I A12 I A21 
I 

A19 
I 

A17 
COL A13 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 

1 MBITS 4-WAY OR 4 MBITS 2-WAY INTERLEAVE 
ROW A13 

I 
A22 

I 
A20 

I 
A18 t A16 I A15 1 A14 I A13 J A23 1 A21 

J 
A19 1 A17 

COL A13 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 

4 MBITS 4-WAY INTERLEAVE 
ROW A13 

I 
A22 

I 
A20 

I 
A18 I A 16 I A 15 I A 14 I A24 I A23 

I 
A21 

I 
A19 

I 
A17 

COL A13 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 

512K X 8 DRAM: NON-INTERLEAVE 
ROW A13 

I 
A22 

I 
A19 

I 
A18 I A16 I A15 I A14 I A13 I A12 

I 
A11 

I 
A10 

I 
A17 

COL A13 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 

1M X 16 DRAM: NON-INTERLEAVE 
ROW A13 

I 
A9 

I 
A19 

I 
A18 I A16 I A15 I A14 I A20 I A12 

I 
A11 

I 
A10 

I 
A17 

COL A13 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 

1M X 16 DRAM: 2-WAY INTERLEAVE 
ROW A13 

I 
A10 

I 
A21 

I 
A18 I A16 I A15 I A14 I A20 I A12 

I 
A11 

I 
A19 

I 
A17 

COL A13 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 

1M X 16 DRAM: 4-WAY INTERLEAVE 
ROW A13 

I 
A22 t A21 

I 
A18 1 A16 -' A15 I A14 J A20 J A12 

I 
A11 

I 
A19 

I 
A17 

COL A13 A11 A10 A9 A8 A 7 A6 A5 A4 A3 A2 A1 

TABLE 6-3. PAGE MODE DRAM ADDRESS MULTIPLEXER CONFIGURATION 
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RA11 I RA10 I RA9 I RA81 RA7 J RA61 RA5i RA4 J RA3 J RA2i RA1 l RAO 

2M X 8 DRAM: NON-INTERLEAVE 
ROW A13 

I 
A21 

I 
A19 

I 
A18 I A16 I A15 I A14 I A2D I A12 

I 
A11 

I 
AiD 

I 
Ai? 

COL A13 A11 AiD A9 A8 A? A6 A5 A4 A3 A2 Ai 

2M X 8 DRAM: 2-WAY INTERLEAVE 
ROW A13 

I 
A21 

I 
A19 1 A18 J A16 J A151 A141 A20 I A12 

I 
A11 

I 
A22 

I 
Ai? 

COL A13 A11 AiD A9 A8 A? A6 A5 A4 A3 A2 Ai 

2M X 8 DRAM: 4-WAY INTERLEAVE 
ROW A13 

I 
A21 

I 
A19 

I 
A18 

I 
A16 I A15 I A14 I A20 

I 
A12 

I 
A23 

I 
A22 

I 
Ai? 

COL A13 A11 A10 A9 A8 A? A6 A5 A4 A3 A2 Ai 

REFRESH ADDRESS 
ROW I A10 I A9 I A8 I A? I A6 I A5 I A4 I A3 I A2 I Ai I AO 

TABLE 6-3. PAGE MODE DRAM ADDRESS MULTIPLEXER (Continued) 

RA11 RA10 RA9 RA8 RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO 

ROW A13 A11 A10 A9 A8 A? A6 A5 A4 A3 A2 Ai ALL 

COL A13 A22 A20 A18 A16 A15 A14 A13 A12 A11 AiD A9 64 Kb 

COL A13 A22 A20 A18 A16 A15 A14 A13 A12 A11 AiD Ai? 256 Kb 
COL A13 A22 A20 A18 A16 A15 A14 A13 A12 A11 A19 Ai? 1 Mb 

or 512 
Kbx8 

COL A13 A22 A2D A18 A16 A15 A14 A13 A12 A21 A19 Ai? 4 Mb 

TABLE 6-4. NON-PAGE, NON-INTERLEAVE ADDRESS CONFIGURATION 

RA11 RA10 RA9 RA8 RA7 RA6 I RA5 RA4 RA3 RA2 RA1 RAO 
ROW A13 A11 A10 A9 A8 A? A6 A5 A4 A3 A2 A13 ALL 

COL A13 A22 A20 A18 A16 A15 A14 Ai? A12 A11 A10 A9 64 Kb 

COL A13 A22 A20 A18 A16 A15 A14 A19 A12 A11 AiD Ai? 256 Kb 
COL A13 A22 A2D A18 A16 A15 A14 A21 A12 A11 A19 Ai? 1 Mb 

I or 512 
Kb x8 

COL A13 A22 A2D A18 A16 A15 A14 A12 A23 A21 A19 Ai? 4 Mb 

TABLE 6-5. NON-PAGE, NON-INTERLEAVE ADDRESS CONFIGURATION 

An external latch is required to generate RA 11 for 1 M x 16 and 2M x 16 type DRAMs. It latches A 13 from 
the processor address bus with the inverted READY signal from the WD771 O. 
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6.4 EMS 

6.4.1 EMS Control And Lower EMS Boundary 

Port Address 6872H - Read and Write 

15 14 I 13 12 11 I 10 09 08 

INC PF_LOC EMS_EN 

07 06 I 05 I 04 I 03 I 02 I 01 I 00 

EN A23 A22 A21 A20 A19 A18 A17 
RES LOWER_EMS_BOUNDARY 

SIgnal 
Name 

Default 
At RSTIN 

INC ............... . . . 0 
PF_LOC .. . 
Bits 12, 09, 08 
EMS_EN 
EN_RES .. . 
A23-A17 .. . 

· 00 
· None 
· 00 
· 0 
· 0 

Bit 15 -INC, Increment EMS Pointer 

The INC bit controls whether or not the EMS 
Pointer at Port E072H is to be incremented 
after each read or write of the EMS Page 
Register at Port E872H. 

INC = 0-
The EMS pointer does not increment 
(Default value). 

INC = 1 -
EMS pointer increments after access to 
EMS Page Register. 

Bits 14-13 - PF _LOC, Upper Page Frame Location 

PF _LOC determines the starting location of a 
block eight frames. See Table 6-6 for the 
upper page frame assignments. 

PF_LOC 
1413 

o 0 - Upper page frame starts at 
C4000H (Default value) 

o 1 - Upper page frame starts at 
C8000H 

o - Upper page frame starts at 
CCOOOH 

- Upper page frame starts at 
DOOOOH 

WD771 O/WD771 OLP 

Bit 12 - Not used, state is ignored 

Bits 11, 10 - EMS_EN, EMS Enable 

EMS EN determines whether all EMS 
frames are to be enabled, only the upper 
page frames or no page frames. Tables 6-6 
and 6-7 show the upper and lower page 
frame assignments. 

EMS_EN 
11 10 

o 0 - Disable EMS (Default value) 

o 1 - Enable EMS Register 
programming without having to 
enable a Page Frame. This is 
useful for initializing the lower 
Page Frame. 

1 0 - Enable upper Page Frame 
assignments and EMS register 
programming. 

1 1 - Enable upper and lower Page 
Frame assignments and EMS 
register programming. 

Bits 09,08 - Not used, state is ignored 

Bits 07 - EN_RES, Enable Lower Boundary 

EN_RES determines whether A23 through A17 
(bits 06 through 00 of this register) are to be 
used as the lower EMS boundary or ignored. 

When the LOWER_EMS_BOUNDARY is 
enabled, the memory above the boundary is 
removed from the extended memory and 
reserved for EMS. 

EN_RES = 0-
Ignore LOWER_EMS_BOUNDARY 
(Default value) 

EN_RES = 1 -
Enable LOWER_EMS_BOUNDARY 

Bits 06-00 - A23-A 17, 
LOWER_EMS_BOUNDARY 

The 10wer_EMS_boundary provides address 
bits A23 through A 17 and determines the 
starting address. 

This address must be set to 128 Kbyte below 
the actual start address. For example, to 
start EMS at the 1 Mbyte boundary, this field 
should be set to 07H. 
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6.4.2 EMS Page Register Pointer 

Port Address E072H -Bits 15-06 Read only, 
Bits 05-00 Read and Write 

15\14 1 13 112 1 11 1 10 1 09 1 08 

16 15 15 

07 1 06 05 

OLT 
8 7 

OLT 
13 12 11 10 

I 04 I 03 I 02 I 01 
POINTER 

9 

1
00 

Signal Default 
Name At RSTIN 
orr .................. ~O 
POINTER ............... 0 

EMS EMS 
REG PF_LOC= 00 REG PF_LOC = 01 
NUM NUM 

32 EOOOO-E3FFF 33 E4000-E7FFF 
39 DCOOO-DFFFF 32 EOOOO-E3FFF 
38 DBOOO-DBFFF 39 DCOOO-DFFFF 
37 D4000-D7FFF 38 D8000-DBFFF 
36 DOOOO-D3FFF 37 D4000-D7FFF 
35 CCOOO-CFFFF 36 DOOOO-D3FFF 
34 C8000-CBFFF 35 CCOOO-CFFFF 
33 C4000-C7FFF 34 C8000-CBFFF 

MEMORY AND EMS CONTROL 

The EMS Page Register Pointer is used as an 
indirect address register. It is loaded with the 
EMS Page Register Number, ranging from 00 to 
39 decimal. If the INC bit is set in Port 6872H, the 
EMS Page Register Pointer is incremented after 
each read or write of the EMS Page Register at 
Port E872H. Tables 6-6 and 6-7 shows the EMS 
Page Register Pointer value and the page frame 
assignments. 

Bits 15-06 - DLT, Delay Line Test 

In the Delay Line Test Mode, these bits repre
sent the state of internal Delay Line signals. 

The Delay Line Test is initiated by bit 8 (TDL) 
in the Test Enable Register at Port Address 
A872H. 

Bits 05-00 - POINTER, EMS Page Register 
Number 

Decimal number, 00 through 39. When 
programming this field, the hex equivalent 00 
through 27H should be used. 

EMS EMS 
REG PF_LOC = 10 REG PF_LOC = 11 
NUM NUM 

34 E8000-EBFFF 35 ECOOO-EFFFF 
33 E4000-E7FFF 34 E8000-EBFFF 
32 EOOOO-E3FFF 33 E4000-E7FFF 
39 DCOOO-DFFFF 32 EOOOO-E3FFF 
38 D8000-DBFFF 39 DCOOO-DFFFF 
37 D4000-D7FFF 38 D8000-DBFFF 
36 DOOOO-D3FFF 37 D4000-D7FFF 
35 CCOOO-CFFFF 36 DOOOO-D3FFF 

EMS registers 32 through 39 (decimal) can be individually enabled or disabled by the EN (bit 15) of 
the EMS Page Register. See Port E872H description. 

TABLE 6-6. UPPER PAGE FRAME ASSIGNMENTS 
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EMS EMS 
REG HEX DEC REG HEX DEC 
NUM NUM 

23 5COOO-5FFFF 368K-384K 7 9COOO-9FFFF 624K-640K 
22 58000-5BFFF 352K-368K 6 98000-9BFFF 608K-624K 
21 54000-57FFF 336K-352K 5 94000-97FFF 592K-608K 
20 50000-53FFF 320K-336K 4 90000-93FFF 576K-592K 
19 4COOO-4FFFF 304K-320K 3 8COOO-8FFFF 560K-576K 
18 48000-4BFFF 288K-304K 2 88000-8BFFF 544K-560K 
17 44000-47FFF 272K-288K 1 84000-87FFF 528K-544K 
16 40000-43FFF 256K-272K 0 80000-83FFF 512K-528K 
15 3COOO-3FFFF 240K-256K 31 7COOO-7FFFF 496K-512K 
14 38000-3BFFF 224K-240K 30 78000-7BFFF 480K-496K 
13 34000-37FFF 208K-224K 29 74000-77FFF 464K-480K 
12 30000-33FFF 192K-208K 28 70000-73FFF 448K-464K 
11 ·2COOO-2FFFF 176K-192K 27 6COOO-6FFFF 4320-448K 
10 28000-2BFFF 160K-176K 26 68000-6BFFF 416K-432K 
9 24000-27FFF 144K-160K 25 64000-67FFF 400K-416K 
8 20000-23FFF 128K-144K 24 60000-63FFF 384K-400K 

EMS registers 0 through 31 (decimal) are enabled or disabled as a block. If the EMS_EN 
field of Port 6872H is 11, the EMS registers 0 through 31 are enabled and the EN (bit 15) 
of the EMS Page Register is treated as a one. See Port E872H description. 

TABLE 6-7. LOWER PAGE FRAME ASSIGNMENTS 
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6.4.3 EMS Page Register 

Port Address E872H - Bits 14-12 Read only, 
Bits 15, 11-00 Read 
and Write 

There are 40 EMS Page Registers accessible 
through Port E872H. Only EMS registers 32 
through 39 are initialized to zero. EMS registers 0 
through 31 are not initialized. The EMS Page 
Register Pointer at Port E072H provides the offset 
location for Port E872H. 

15 14 13 12 11 1 10 1 09 1 08 
EN 0 0 0 P11 P10 pg P8 

07 1 06 1 05 1 04 1 03 1 02 1 01 1 00 
P7 P6 P5 P4 P3 P2 P1 PO 

Signal Default 
Name At RSTIN 
EN .................. 0 
Bits 14-12 ............... 0 
P11-PO ................ 0 

Bit 15 - EN, Enable EMS Page Register 

EMS Page Registers 32 through 39 can be 
individually enabled or disabled by the EN bit. 
EMS Page Registers 0 through 31 are 
enabled or disabled as a block by the setting 
of the EMS_EN field in the EMS Control 
Register at Port 6872H. When EMS_EN 
equals 11, the EN bit in this register is treated 
as a one for the lower Page Frame. 

EN=O -
This EMS Page Register is disabled 

EN = 1 -
This EMS Page Register is enabled 

MEMORY AND EMS CONTROL 

Bits 14-12 - Read only, not used by the System 
Controller 

Bits 11-00 - P11 through POO, EMS Page 
Number 

EMS page numbers 8 through 39 and 64 
through 2047 are supported for on-board 
memory, equal to 31.5 MBytes of EMS 
memory. The memory address is generated 
by reading the EMS page number from the 
System Controller and multiplying it by 16 
Kbytes, then adding the lower 14 bits of the 
processor address to the product. This results 
in EMS page numbers zero through seven 
being mapped to the lower 128 Kbytes of 
memory and On-board extended memory 
being able to be accessed in real mode via 
the EMS logic. 

EMS page numbers 2048 through 2303, 
equal to 4 MBytes, are used for external EMS 
memory, providing a method of accessing 
plug-in RAM or ROM cards. If P11 is 1 when 
an external EMS access occurs, EMS page 
number bits P7 through PO are output on 
RAO-7/EDO-7 and the EMS chip select is 
asserted. The RAM/ROM card should access 
data on ~xpansion data bus, using 
MEMR, MEMW, MEMCS16 and IOCHRDY 
to make the transfer. 

NOTE 
When using external EMS memory with 
P11 = 1, EN (bit 15) must be O. 
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7.0 CACHE CONTROLLER 
The Cache Controller provides an effective way to 
increase the memory bandwidth by storing the 
most frequently used data in the internal Cache 
DATA RAM. The WD771 0 provides both software 
and hardware mechanisms to assure coherency 
of the data between CPU, DMA and Bus Master 
cycles. During DMAIMaster write cycles, the con
troller will compare the system address and the 
tag contents. If the address matches, the data will 
be written into the data RAM. The cache can also 
be flushed by writing to the flush register. 

7.1 CACHE ARCHITECTURE 

The cache controller contains of eight functional 
blocks. 

• Processor Interface 

• TAG RAM 

• DATA RAM 

• SNOOP Interface 

• Non-cacheable Control 

o Diagnostic Control Logic 

• LRU 

• Flush 

Figure 7-1 shows a block diagram of the cache. 

7.1.1 Processor Interface 

The processor interface supports the 80386SX in 
both pipeline and non-pipeline mode. It keeps 
track of the 80386SX processor states a 
generates READY for read hit cycles. It ignores 
all the 1/0 and co-processor cycles. 

7.1.2 TAG RAM 

BIST (Built-In-Self-Test)logic is included in the 
TAG RAM to reduce test time. 

The internal TAG RAM is organized as two sets of 
256 x 21 self-timed synchronous static RAM. 
Twelve bits are used to store A 12:23 from the 
processor; 8 bits are used to store the demul
tiplexed A1:3 as line valid, and 1 bit is used as 
block valid. The block valid bit can be cleared by 
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FIGURE 7-1. CACHE CONTROLLER 
FUNCTIONAL DIAGRAM 

the FLUSH function which flushes the cache con
tents and causes block miss for all the sub
sequent cycles. 

A4 through A 11 from the 80386SX selects one of 
the entries from each set. The output from the 
TAG RAM is compared against the address 
(A 12:23,A 1 :A3) from the processor. If the ad
dress is the same and the corresponding line 
valid and block valid bits are set, a cache hit cycle 
is activated. If an address match occurs when the 
block valid bit is set, and the line valid is clear, it is 
a line miss. On the other hand, if the address 
does not compare or the block valid bit is clear, it 
is a block miss cycle. 
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DO:15 2K ENTRIES DO:15 

DATA SET 0 DATA SET 1 
FIGURE 7-2. TAG RAM AND DATA RAM STRUCTURE 

During the read block miss cycle, the address is 
written into the TAG RAM, the block valid bit is 
set, and the corresponding line valid bit is set. 

During the read line miss cycle, the corresponding 
line valid bit is set, and all other bits are not al
tered. 

Address Line Block 
Compare Valid Valid 

X X 0 Block Miss 

0 X 1 Block Miss 

1 0 1 Line Miss 

1 1 1 Hit 

During a memory write cycle, the contents of the 
TAG RAM is not affected. The Block size of the 
TAG RAM is eight lines and each line is 2 bytes. 
The TAG RAM enters low power mode during Full 
Power Down to conserve power. 

7.1.3 Data RAM 

The internal DATA RAM is organized as 2 sets of 
2K x 16. During a read hit cycle, the data is 
provided by one of the sets of DATA RAM to the 
processor. During a read miss cycle, the data is 

provided by the DRAM to the processor and is 
written into the DATA RAM. If the read cycle is a 
page hit, it will be a one wait state cycle. If it is a 
page miss, it will be a four wait states cycle. See 
Section 12.4, Cache Controller Timing. 

During a write hit cycle, the data from the proces
sor is written into the DATA RAM to maintain data 
coherency. In a write miss cycle, either block miss 
or line miss, no action is taken and DATA RAM 
contents are not affected. See Section 12.4, 
Cache Controller Timing. 

The DATA RAM enters low power mode during 
Full Power Down to conserve power. BIST logic is 
included in the DATA RAM to reduce test time. 

7.1.4 Snoop Interface 

The Snoop interface maintains the data coheren
cy when DMA or Master cycles take place. When 
a DMA or Bus Master write cycle occurs, the 
Snoop logic will update the data in the DATA RAM 
if the address from DMA or the Bus Master is the 
same as the corresponding TAG address(Hit 
cycle). If no match is indicated (Miss cycle), the 
DATA RAM will not be updated. See Section 12.4, 
Cache Controller Timing. 
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7.1.5 Non-cacheable Control 

Two user definable and twelve standard non
cacheable regions are provided. Ten of the twelve 
standard regions are 16KB increments from 
CBOOOH - EFFFFH. These regions can be used 
as EMS memory or for DOS 5.0 Upper Memory 
Blocks and can be enabled or disabled individual
ly. The other two standard non-cacheable regions 
are the video BIOS area (COOOO-CXFFF or 
EOOOO-EFFFF) and the system BIOS area 
(FOOOO-FFFFF). The Non-cacheable control logic 
allows cacheing of these regions to be enabled or 
disabled individually. 

The two user definable non-cacheable regions 
can also be enabled individually. The non-cache
able regions are set by the upper and lower limit 
registers. These regions are assigned on 4Kbyte 
boundaries anywhere in the 16MB physical ad
dress space of the B0386SX. 

The typical applications of these user defined 
noncacheable areas are the memory between 
512KB and 640KB, and the memory accessed on 
the AT bus. When powered up, the WD7910 as
sumes all the memory from OKB to 640KB and 1 M 
to 16MB are cacheable. It is necessary to have 
the BIOS to program the noncacheable region 
registers. 

7.1.6 Diagnostic Control Logic 

The function of the diagnostic control logic, when 
enabled, is to map the internal TAG RAM and 
LRU RAM to address 20000H and DATA RAM to 
address 40000H. In this mode, memory acces
ses to these address ranges are diverted to the 
internal TAG RAM and DATA RAM. This permits 
the system BIOS to test the internal DATA RAM 
and TAG RAM. 

During Diagnostic Access, the 21-bit TAG RAM 
(D20:0) and the 2-bit LRU RAM (L 1 :0) are con
catenated to 23 bits and mapped into the Address 
Space by using A 1 to determine whether the data 
presented is TAG RAM bits D20-D9 (A1 Low) or 
TAG RAM bits {L 1 :0,D8:0} (A 1 high). Since the 
LRU RAM has 128 entries (See Section 3.1.7) 
whereas the TAG RAM has 256 entries, so ad
dress A4 has no effect on the selection of the LRU 
RAM. 
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7.1.7 LRU 

The LRU section has 128 entries and each entry 
has 2 bits. Addresses 11:5 are used to select one 
of the entries and Address 4 is used to select one 
of the two bits. In the event of a read miss, either 
group can be updated with new data. The LRU 
bit of the corresponding entry flags the candidate 
for replacement. Once the replacement is done, 
LRU bit of the corresponding entry is changed 
and pointed to the other set. In the event of read 
hit, the LRU bit of the corresponding entry points 
to the other set. During a write hit cycle, the cor
responding LRU bit is changed and pointed to the 
other set. The LRU bit is not changed for write 
miss cycles. All the entries are reset to zero by 
NRESIN. 

7.1.B Flush 

Flush is used to clear all the block valid bits in the 
TAG RAM and to clear all the LRU bits. This 
force the cache controller to rebuild the cache 
contents and force all the subsequent fetch to the 
DRAM. This is used after an EMS page change. 

7.2 CACHE CONTROL REGISTER 

Port Address C472 Read / Write 

15 14 13 12 11 10 09 08 
c c c C MFR C_M HI ME HI ME 

ENBL SSB DIAG SV-B M9 M8 

07 06 05 04 03 02 01 00 
HI ME HI ME HI ME HI ME HI ME HI ME HI ME HI ME 

M? M6 M5 M4 M3 M2 Ml MO 

Bit 15 - C_ENBL, Cache Enable 

This bit is used to enable the cache control
ler. Before writing to this bit, the memory 
controller must be programmed to support 
the cache mode. This can be done by writing 
(01) to bit 13 and 12 of register 3872. When 
this bit is changed, a hold acknowledge cycle 
is required before the change goes into ef
fect. 

C_ENBL= 1 Cache Enable 
C_ENBL= 0 Cache Disable (Default) 
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Bit 14 - C_SSB, Cache Shadowed System BIOS 
at FOOOOH through FFFFFH 

When the System BIOS is shadowed, it can 
also be cached to increase the system BIOS 
performance. When this bit is changed, a 
hold acknowledge cycle is required before 
the change goes into effect. 

C_SSB = 1 Enable caching of shadow RAM. 
When Custom mode is enabled, the address 
from OFOOOOH - OFOFFFH is not cached. 

C_SSB = 0 Disable caching of shadow RAM 
(Default) 

Bit 13 - C_DIAG, Cache Diagnostic Mode 

Enabling the cache and this bit puts the 
cache into diagnostic mode as described in 
section 7.1.6. When this bit is changed, a 
hold acknowledge cycle is required before 
the change goes into effect. 

C_DIAG = 1 Cache is in diagnostic mode 

C_DIAG = 0 Standard cache mode (Default) 

Bit 12 - C_SVB, Cache Shadowed Video BIOS at 
EOOOOH through EFFFFH or COOOOH through 
CXXXXH 

When the Video BIOS is shadowed, it can 
also be cached to increase the Video BIOS 
performance When this bit is changed, a hold 
acknowledge cycle is required before the 
change goes into effect. 

C_SVB = 1 Enable Cacheing Video BIOS 

C_SVB = 0 Disable Cacheing Video BIOS 
(Default) 

Bit 11 - C_MFR, Manufacturing Test Bit 

Bit 10 - C, Cache Mode 

C = 1 2-way set associative 
C = 0 Direct-mapped (Default) 

Bits 9:0 - HI-MEM, High memory region caching 
control. Setting these bits enables the caching of 
the HI-MEM region. Default after reset is O. 

BIT 9 ECOOOH - EFFFFH 
BIT 8 E8000H - EBFFFH 
BIT 7 E4000H - E7FFFH 
BIT 6 EOOOOH - E3FFFH 
BIT 5 DCOOOH - DFFFFH 
BIT 4 D8000H - DBFFFH 
BIT 3 D4000H - D7FFFH 
BIT 2 DOOOOH - D3FFFH 

CACHE CONTROLLER 

BIT 1 CCOOOH - CFFFFH 
BIT 0 C8000H - CBFFFH 

Bits 9:0 = 1, Enable caching 
Bits 9:0 = 0, Disable caching 

7.2.1 Noncacheable Region 1 Upper 
Boundary 

Port Address BC72. Read/Write 

15 14 13 12 11 10 09 08 
A23 A22 A21 A20 A19 A18 A17 A16 I 

07 06 05 04 03 02 01 00 
A15 A14 A13 A12 S INT INT S 

REF DIS ST- 10 
RDY 

This register determines the upper address 
boundary of the user defineable noncacheable 
region 1. Default after reset is zero. 

Bits 15:4, = A23: 12 of the upper address bound
ary 

Bit 3, Slow Refresh 

When this bit is set, the DRAM refresh rate is 
slowed down to 120l1s. This bit does not af
fect the refresh toggle bit in Port 61. 

Bit 3 = 1, Enable Slow Refresh 

Bit 3 = 0, Disable Slow Refresh (Default) 

Bit 2, Interrupt Disable 

When this bit is set, the interrupt from the 
interrupt controller is disabled. The com
mand will not take effect immediately if the 
interrupt request signal from the interrupt 
controller is active. The command will take 
effect immediately if the interrupt request sig
nal is inactive. This allows control of the in
terrupt regardless of the Operating system 
privilege level. 

Bit 2 = 1, Disable the hardware interrupt from 
the interrupt Controller 

Bit 2 = 0, Enable hardware interrupt. 

Bit 1, Interrupt Disable Status (Read Only) 

This enables reading of Interrupt Status 
regardless of Operating System privilege 
level. 
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Bit 1 = 1, Indicates the Interrupt Disable com
mand is pending 

Bit 1= 0, Indicates the Interrupt Disable com
mand is processed 

Bit 0, SNOOP with IOCHRDYactive 

During periods when the CPU Clock is slower 
than the AT BUS clock (slowed for power 
savings), the Snoop Logic may be unable to 
properly track the memory cycle during DMA 
or BUS Master Cycles. Setting this bit 
enables the WD7710 to use the IOCHRDY 
signal to lengthen the cycle. 

Bit 0 = 1, Enable IOCHRDY for DMAIMaster 
cycle 

Bit 0 = 0, Disable IOCHRDY for DMAIMaster 
cycle (Default) 

7.2.2 Noncacheable Region 1 Lower 
Boundary 

Port Address B472. Read/Write 

07 06 05 04 03 02 01 00 
A15 A14 A13 A12 S X S BIST 

DMA W8 BIST S 
CLK- -

This register determines the lower address 
boundary of the user defineable noncacheable 
region 1. Noncacheable region 1 is disabled 
when the upper boundary is set below the lower 
boundary. Default after reset is zero. 

WD7710/WD7710LP 

Bits 15:4, A23: 12 of the lower address bound
ary. 

Bit 3, Stop DMA Clock 

Setting this bit causes the DMA clock tostop 
while there is no DMA activity. Upon any 
DMA request (DROn), the DMA clock starts 
up again and continues to run until 16 DMA 
clocks after the end of the DMA Acknowledge 
(DACKn). 

Bit 3 = 1, Enable Stop DMA Clock 

Bit 3 = 0, Disable Stop DMA Clock (Default) 

Bit 2, Extra Wait State for Page Mode 

If this bit is active, itadds an extra wait state 
to all the memory cycles. With this featury 
system manufacturer can use slower DRAM 
for WD771 0 system without loss of huge per
formance and achieve saving since the 
majority of the memory access are directly to 
the internal cache. 

Bits 1, Start BIST 

Setting bit 1 forces the BIST to check the 
TAG RAM and DATA RAM. The result can be 
checked by reading BIT o. Bit 0 is a read only 
register. 

Bit 0, BIST Status 

Bit 0 = 1 , RAM error. 

Bit 0 = 0, No error found. 
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7.2.3 Noncacheable Region 2 Lower 
Boundary 

Port Address CC72 ReadlWrite 

07 06 05 04 03 02 01 
A15 A14 A13 A12 

00 
NR 
2C 

This IS used to determine the lower address 
boundary of the user defineable noncacheable 
region 2. Any address above or equal to this ad
dress is considered non-cacheable. Default after 
reset is zero. 

Bits 15:4, A23: 12 of the lower address bound
ary 

Bits 3:1, Test Register 

For Factory use only. 

Bit 0, Non-cacheable Region 2 

Bit 0 = 1, enables non-cacheable Region 2 
Bit 0 = 0, disables non-cacheable Region 2 
(default) 

CACHE CONTROLLER 

7.2.4 Flush 

Port Address F872H Write Only 

114 113 109 108 

07 106 105 104 103 102 101 100 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . . .. None 

Writing to this 110 port with any data will clear all 
the valid bits in the TAG RAM. This is ordinarily 
used to clear the cache when there is a change to 
the EMS page register and also causes the 
WD771 0 to output Chip Select number 13H. 
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8.0 PORT CHIP SELECT AND WD771 OlP REFRESH 
This section describes refresh control logic 
peculiar to the WD7710lP and used by the power 
down feature. This section also describes the 
registers used to control the following functions: 

• Port chip select and control 

• High speed hard disk access 

• AT hard disk IDE mode 

• 8/16 bit 80287 bus timing 

• Real-Time Clock bus location 

• Access to the CMOS RAM password 

Table 8-1 identifies the ports, their Chip Select 
number, 110 address and function. 

8.1 REFRESH CONTROL, SERIAL AND 
PARALLEL CHIP SELECTS 

Port Address 2072H - Read and Write 

15 14 13 12 11 10 I 09 

M v CBR - CBR_ SCSI PAR 
REF REF REF SR 

07 I 06 I 05 04 03 I 02 I 01 

SER_A SER_ SER_B 
AL 

Signal Default 
Name At RSTIN 
M_REF t ............... 0 
V_REFt ................ 0 
CBR_REFt .............. 0 
CBR_SR ................ 0 
SCSI .................. 0 
PAR .................. 00 
PAR_l ................. 0 
SER A ................ 000 
SER::)l . . . . . . 0 
SER_B ................ 000 
SER_Bl ................ 0 

t Featured only in the WD771 OlP 

08 

PAR -
L 

00 

SER -
BL 

Bit 15 - M_REF, Memory Refresh Power Down 
Mode 
Featured only in the WD771 OlP 

The refresh period may be lengthened for 
extended refresh DRAM while maintaining 
bus compatibility. When slow refresh is 
selected, main on-board memory is refreshed 
at one eighth the normal rate. In the Full 
Power Down mode, selected by the FPD bit 
in the register at Port 1872H, and M_REF = 
1, the on-board DRAM is refreshed with 
every eighth NPDREF. NPDREF is a 64 
KHz input signal supplied by the WD76C20. 

M_REF = 0-
Normal refresh period for main on
board memory (Default value). 

M_REF = 1 -
Slow refresh main on-board memory. 

Bit 14 - V_REF, Video Refresh Power Down Mode 
Featured only in the WD771 OlP 

The refresh period may be lengthened for 
extended refresh DRAM while maintaining 
bus compatibility. When slow refresh is 
selected, main on-board memory is refreshed 
at one eighth the normal rate. In the Full 
Power Down mode, selected by the FPD bit 
in the register at Port 1872H, and V_REF = 1, 
the on-board DRAM is refreshed with every 
eighth NPDREF. NPDREF is a 64 KHz input 
signal supplied by the WD76C20. 

V_REF=O-
Normal refresh period for video memory 
(Default value) 

V_REF = 1 -
Slow refresh video memory 

Bit 13 - CBR_REF, CAS Before RAS Refresh 
For On-board DRAM 
Featured only in the WD771 OlP 

Most standard DRAMs support this type of 
CAS before RAS refresh, while special 
DRAMs do not. 

CBR_REF = 0-
Normal refresh for on-board DRAM 
(Default value) 

CBR_REF = 1 -
CAS before RAS refresh 
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Bit 12 - CBR_SR, CAS Before RAS Self Refresh 

CAS before RAS self refresh is supported only by 
special DRAMs. 

CBR_SR = 0-
No CAS before RAS self refresh 
(Default value) 

CBR_SR = 1 -
CAS before RAS self refresh of DRAM 
is supported during suspend and resume, 
where CAS is held low continuously while 
in suspend. 

Bit 11 - SCSI, Small Computer System 
Interface Chip Select 

The SCSI is selected by chip select number 
12. See Table 8-1. 

SCSI = 0-
SCSI chip select disabled 
(Default value) 

SCSI = 1 -
SCSI chip select at I/O port 353XH 

Bits 10, 09 - PAR, Parallel Port Chip Select 

The parallel port is selected by chip select 
number OFH and may be located at I/O ad
dress 278H through 27FH, 378H through 
37FH, or 3BCH through 3BFH. Bits 10 and 
09 may disable the chip select or locate it at 
one of three areas. See Table 8-1. 

PAR 
1009 

o 0 - PAR chip select disabled 
(Default value) 

o - PAR chip select at I/O port 
3BCH - 3BFH 

o - PAR chip select at I/O port 
378H - 37FH 

- PAR chip select at I/O port 
278H - 27FH 

Bit 08 - PAR_L, Parallel Port Bus Location 

PAR_L = 0-
Parallel port is located on the 
RAO-7/EDO-7 bus. This is typical when 
the WD76C30 is used. 

PAR_L = 1 -
Parallel port is located on the expansion 
data bus. 
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Bits 07,06,05 - SER_A, Serial Port A Chip Select 

The serial port A is selected by chip select 
number OEH and may be located at I/O ad
dress 2E8H through 2EFH, 2F8H through 
2FFH, 3E8H through 3EFH or 3F8H through 
3FFH. Bits 07, 06, and 05 may disable the 
chip select or locate it at one of the four 
areas. See Table 8-1. 

It is possible to select the same I/O port 
address for serial port A and serial port B. 
Selecting the same address for both ports 
results in an unpredictable response and 
should not be done. 

SER_A 
070605 

0 0 o - Serial port A chip select 
disabled (Default value) 

0 0 1 - Serial port A chip select at I/O 
port 3F8H - 3FFH 

0 o - Serial port A chip select at I/O 
port 2F8H - 2FFH 

0 1 - Serial port A chip select at I/O 
port 3E8H - 3EFH 

0 o - Serial port A chip select at I/O 
port 2E8H - 2EFH 

Bit 04 - SER_AL, Serial A Port Bus Location 

SER_AL = 0-
Serial port A is located on the 
RAO-7/EDO-7 bus. This is typical when 
the WD76C30 is used. 

SER_AL = 1 -
Serial port A is located on the expan
sion data bus. 

Bits 03, 02, 01 - SER_B Serial Port B Chip Select 

The serial port B is selected by chip select 
number 10 and may be located at I/O address 
2E8H through 2EFH, 2F8H through 2FFH, 
3E8H through 3EFH or 3F8H through 3FFH. 
Bits 03, 02 and 01 may disable the chip 
select or locate it at one of the four areas. 
See Table 8-1 . 

It is possible to select the same I/O port 
address for serial port B and serial port A. 
Selecting the same address for both ports 
results in an unpredictable response and 
should not be done. 
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0 0 o -Serial port B chip select 
disabled (Default value) 

0 0 1 - Serial port B chip select at I/O 
port 3F8H - 3FFH 

0 o - Serial port B chip select at I/O 
port 2F8H - 2FFH 

0 1 - Serial port B chip select at I/O 
port 3E8H - 3EFH 

0 o - Serial port B chip select at I/O 
port 2E8H - 2EFH 

Bit 00 - SER_BL, Serial B Port Bus Location 

SER_BL = 0-
Serial port B is located on the 
RAO-7/EDO-7 bus. This is typical when 
the WD76C30 is used. 

SER_BL = 1 -
Serial port B is located on the expansion 
data bus 

8.2 RTC, PVGA, 80287 TIMING, AND DISK 
CHIP SELECTS 

Port Address 2872H - Read and Write 

Bits 12 through 07 and Port Address 3072H con
trol the use and location of the Programmable 
Chip Select. 

15 14 

RTC FST -
L VGA-

07 06 

PRG HS 
L HO-

Signal 
Name 
RTC_L 
FST_VGA 
FST_SCSI 
EN_PCS 
U_MSK1 
L_MSK1 
PRG L 

13 12 11 

FST EN U 
SCSI PCS1 MSK1 

05 04 03 

PIS HS 
287-

10 I 09 I 08 

02 

LK 
PSW 

L_MSK1 

01 

OS 
HO-

Default 
At RSTIN 

o 
o 

· 0 
· 0 
· 00 
· 00 

00 

OS 
FLP 

. . . . . . . . . . . . . . . . 0 

WD7710/WD7710LP 

HS HO ................ 000 
PIS .................. 000 
HS 287 ................ 0 
LK PSW ................ 0 
OS HO . .. . 0 
OS FLP . . . . . . . . . . . . . . 0 

Bit 15 - RTC_L, Real-Time Clock 

The Real-Time Clock is normally on the 
RAO-7/EDO-7 bus but may be placed on the 
expansion data bus. 

RTC_L=O-
Real-Time Clock is on the RAO-7/EDO-7 
bus (Default value). 

RTC_L = 1 -
Real-Time Clock is on the expansion 
data bus. This is the required setting 
when the WD76C20 is used. 

Bit 14 - FST_VGA, Fast VGA Video 

The performance of Western Digital Imaging 
PVGA display controllers may be enhanced 
by reducing wait states for access to video 
I/O. This feature should only be used with 
Western Digital Imaging PVGA 1 A, 
WD90C90, WD90C30, WD90C20, WD90C11 
and WD90C10 devices. I/O cycles to eight
bit ports 3COH - 1 H, 3C4H - 5H and 3CEH -
FH are made with one wait state cycles. 

FST_VGA = 0-
Normal PVGA control (Default value) 

FST_VGA = 1 -
One wait state I/O cycle to PVGA 

Bit 13 - FST_SCSI, Fast SCSI 

The performance of the WD33C93 SCSI Con
toller is enhanced by performing eight-bit ac
cesses with one wait state rather than four 
wait states. 

FST_SCSI = 0-
Four Wait States (Default value) 

FST _SCSI = 1 -
One Wait State 

Bit 12 - EN_PCS1, Enable Programmable Chip 
Select 1 

The Programmable Chip Select logic is selected 
with chip select 11 and may be disabled or 
enabled. See Table 8-1. 
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EN_PCS = 0-
Disable Programmable Chip Select 
(Default value) 

EN_PCS = 1 -
Enable Programmable Chip Select 

Bit 11· U_MSK1, Upper Address Bits Masked 

U_MSKI determines whether or not the upper 
address bits A 15 through A 10 are to be used 
as designated in the Programmable Chip 
Select Address Register at Port 3072H. 

U_MSKI = 0-
A 15 through A 10 are ignored 
(Default value). 

U_MSKI = 1 -
A 15 through A 10 are included in the 
address. 

Bits 10, 09, 08· L_MSK1, Lower Address Bits 
Masked 

L_MSK1 determines whether the lower four 
address bits A03 through AOO are to be used 
as designated in the Programmable Chip 
Select Address Register at Port 3072H. 

L_MSK1 
100908 

o 0 0 - A09 through AOO are included 
in the address (Default value). 

o 0 1 - AOO is ignored. 

o 0 - AOO, A01 are ignored. 

o 1 1 - AOO, A01, A02 are ignored. 

o 0 - AOO, A02, A03 are ignored, 
A01 is not ignored, ver. A-F. 
AOO, A01, A02 A03 are ignored, 
WD76C1 OA and newer. 

Bit 07· PRG_L, Programmable Chip Select Bus 
Location 

PRG_L= 0-
Programmable Chip Select is on the 
RAO-7/EDO-7 bus (Default value). 

PRG_L = 1 -
Programmable Chip Select is on the 
expansion bus. 
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Bit 06 • HS_HO, High Speed Hard Disk Data 
Transfer Rate 

Enabling the high speed data transfers 
results in hard disk, 16-bit data transfers to 
be performed at a compressed timing rate 
rather than at the compatible bus rate. When 
operating in the high speed mode, the first 
data transfer is made at the compatible bus 
rate. Subsequent accesses to the hard disk 
port are made at high speed, with IOCS16 
ignored and the WD76C20 hard disk chip 
select remaining stable. 

NOTE 
This feature requires the use of the 
WD76C20 and should only be used with 
Western Digital IDE drives WD-AC280, 
WD-AC140, WD-AC160, WD-AC2120, 
WD-AP4200, WD-AB130 and WD
AH260. 

HS_HD = 0-
Compatible bus timing enabled 
(Default value). 

HS_HD = 1 -
High speed hard disk accesses enabled. 

Bit 05 - Not used, the state is ignored 

Bit 04 • PIS, Primary Or Secondary Disk 

The PIS bit is only used to select the floppy 
disk chip select address in the IDE mode. 
See Table 8-1, chip select numbers 08H 
through OBH. 

PIS = 0-
Primary hard disk and Floppy address 
selected (Default value). 

PIS = 1 -
Secondary hard disk and Floppy add
ress selected. 

Bit 03· HS_287, Co-processor 80287 High 
Speed Timing 

Normal 1/0 read and write access to the 
80287 is made with eight bit bus timing. Set
ting HS_287 results in 16-bit bus timing. 

HS_287 = 0-
Normal 80287 timing (Default value). 

HS_287 = 1 -
Fast 80287 timing. 
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Bit 02 - LK_PSW, Prevent Locking Password 

Port 092H bit 3 (Lock_Pass) is used to 
prevent access to the CMOS RAM password 
area located at 38H through 3FH. Setting 
LK_PSW before attempting to set Lock_Pass, 
inhibits the setting of Lock_Pass. In this 
instance, it is possible to access the CMOS 
RAM password area. If Lock_Pass is set 
before LK_PSW, LK_PSW will have no effect. 

LK_PSW = a-
Port 092H bit 3, Lock_Pass can be set 
(Default value). 

LK_PSW = 1 -
Port 092H bit 3, Lock_Pass can not be 
set. 

Bit 01 - DS_HD, Hard Disk Chip Select OCH, ODH 

DS_HD = 0.-
Hard disk chip select is enabled 
(Default value). 

DS_HD = 1 -
Hard disk chip select is not generated. 

Bit 00 - DS_FLP, Floppy Disk Chip Select 08H, 
09H, OAH, OBH 

DSJLP = 0-
Floppy disk chip select is enabled 
(Default value). 

DS_FLP = 1 -
Floppy disk chip select is not generated. 

WD7710IWD7710LP 

8.3 PROGRAMMABLE CHIP SELECT 
ADDRESS 

Port Address 3072H - Read and Write 

15 14 13 12 11 10 09 
A15 A14 A13 A12 A11 A10 A09 

07 06 05 04 03 02 01 

AO? A06 A05 A04 A03 A02 A01 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . . . . None 

08 
Aoa 

00 
AOO 
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8.4 1/0 PORT ADDRESSES 

Table 8-1 lists the liD addresses and chip selects 
generated for each fixed port type. Address bits 
A 15 through A 10 are ignored for the liD addres
ses listed with three digits. The ports are listed in 
the sequence of the chip select value. 

PORT CHIP SELECT AND WD7710LP REFRESH 

1/0 ADDRESS CHIP SELECT 
PORT (HEX) NUMBER FUNCTION 

(HEX) 

ROM Chip Select N/A 00 Chip select for BIOS ROM 

Keyboard Control 060 - 06E even 01 Chip select for 8042 

80287 OOEO - OOFF 02 Chip select for numeric processor 

Power Control 7072 03 PMC Write Strobe 0 

Reserved 04 Reserved 

Real-time Clock 070 05 RTCALE 

Real-time Clock 071 06 RTC Write Strobe 

Real-time Clock 071 07 RTC Read Strobe 

Floppy Operation 3F2 08 Primary address 
Chip Select 372 Secondary address 

Floppy Chip Select 3F4,3F5 09 Primary address 
374,375 Secondary address 

Floppy Control Chip 3F7 OA Primary address 
Select 377 Secondary address 

(Floppy enabled, HD disabled) 

Floppy and HD 3F7 OB Primary address 
Control Chip Select 377 Secondary address 

(Floppy enabled, HD enabled) 

Hard Disk Chip 1 FO, OC Primary address 
Select 1 F1 - 1 F7 

170, Secondary address 
171 -177 

Hard Disk Chip 3F6 OD Primary Address 
Select 3F7t 

376 Secondary address 
377 t 

Serial Port A Chip 2E8 - 2EF OE tt 
Select 2F8 - 2FF 

3E8 - 3EF 
3F8 - 3FF 

Parallel Port 0 Chip 278 - 27F OF 
Select 378 - 37F 

3BC - 3BF 

TABLE 8-1.1/0 PORT ADDRESSES AND CHIP SELECT ASSIGNMENTS 
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1/0 ADDRESS CHIP SELECT 
PORT (HEX) NUMBER FUNCTION 

(HEX) 

Serial Port B Chip 2E8 - 2EF 10 tt 
Select 2F8 - 2FF 

3E8-3EF 
3F8 - 3FF 

Program Chip PROG 1 11 
Select 1 

SCSI 3530 - 353X 12 

Cache Flush F872 13 

EMS 14 External EMS 
F072 15 48 MHz Clock Disabled 
F472 16 48 MHz Clock Enabled 

Power Control 7872 17 PMC Write Strobe 1 

Floppy Chip Select 3FO - 3F1 18 Primary address 
370 - 371 Secondary address 

Floppy Chip Select 3F3 19 Primary address 
373 Secondary address 

Program Chip PROG2 1A 
Select2 

Program Chip PROG3 1B 
Select 3 

Reserved 1E Reserved 

Reserved 1F Reserved 

t IDE Hard disk enabled, floppy disabled 

tt The Chip Select Number is the decoded value of CS4 - CSO. If the Programmed Chip Select 
corresponds to any other decode, the Programmed Chip Select is suppressed. If Serial Port A and B 
are programmed for the same address, Serial Port B Chip Select is suppressed. 

TABLE 8-1.1/0 PORT ADDRESSES (Continued) 
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9.0 POWER MANAGEMENT CONTROL 
The WD7710lP supports all PMC inputs, output 
and interrupt functions. 

9.1 SYSTEM ACTIVITY MONITOR (SAM) 

The System Activity Monitor (SAM) found in the 
WD7710lP is a hardware solution to monitoring 
system activity. SAM was conceived to solve the 
problems associated with system activity detec
tion in various operating environments such as 
DOS, Windows, OS/2 and VCPI. 

With the WD7710lP a software approach was 
employed to determine system activity. This 
software approach was accomplished using a 
watchdog timer. As a part of the watchdog timer 
service, the sources of activity are checked and a 
determination is then made on the state of system 
activity. This approach does not consider the 
state of the system activity between watchdog 
timer interrupts. However, with SAM, the system 
activity state is continuously monitored through 
hardware, thus providing a more universal ap
proch to activity detection. 

With the help of SAM it is now possible to: 

o Provide a trigger when a pre-programmed 
period of system inactivity time elapses. 

o Enable/disable the sources that con
stitute system activity. 

o Select either coarse or fine timeout 
values for system inactivity period. 

System Activity 
System activity denotes periods of time in which 
the system performs useful tasks. The sources 
Of System Activity are: 

o Unmasked pending interrupts. 

o Unmasked interrupts in service. 

o Access to hard disk data port. 

o I/O Access to programmable chip select 
port. 

o DMA transfers. 

o Coprocessor cycles. 

o A programmable PCU input. 

o NMI. 

POWER MANAGEMENT CONTROL 

SAM allows for excluding the following inter
rupt sources from contributing to system ac
tivity: 

o IRQ 0, used by DOS to keep track of the 
system time. 

o IRQ7, used for spurious interrupts and 
parallel port interrupts. 

o IRQ 8, used by Windows, OS/2 and 
other multitasking environments to keep 
the scheduler running. 

o A progammable interrupt level used as a 
power management interrupt. 

SAM also takes into account programs such as 
MOUSE.COM which, in an attempt to locate a 
mouse on a communication port, generates inter
rupts on interrupt levels 3 and 4, and leaves them 
pending. To overcome this problem, SAM allows 
only the unmasked pending interrupts on 3 and 4 
to constitute system activity. 

Using SAM for System Power Management: 

a) System Timeout Capability 

SAM can be programmed to determine 
coarse periods of inactivity, with the minimum 
period as one minute, four seconds, up to a 
maximum period of 16 minutes. It is also pos
sible to extend the maximum limit to any 
value by reading the Activity Before bit 
(ACTBE F) in the Activity Monitor Control 
Register at Port Address B072H. 

On reaching the programmed period, SAM 
generates a local Attention signal. Typically, 
the local Attention is tied to a power 
management interrupt. In response to local 
Attention, the power management interrupt 
handler makes it possible to prepare the sys
tem for a Suspend operation. 

b) Responding to a Suspend Request 

SAM can be programmed to determine a 
clean breakpoint for suspending the system 
upon receiving the Suspend request. At the 
time the Suspend request is received, it is 
possible that the system is busy performing 
an indivisible operation, and it is necessary to 
wait for the system to finish this indivisible 
operation before initiating suspend. In order 
to do this, control to the CPU must be. relin-
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quished for just enough time for the CPU to 
complete the operation. This is referred as 
Suspend arbitration. 

In addition to performing Suspend arbitration, 
SAM is also responsible for determining the 
earliest opportunity to initiate the Suspend 
sequence. For instance, if a Suspend re
quest is caused by a low battery condition, it 
is imperative that the system be placed in the 
suspend state as soon as possible. Here the 
fine granularity of SAM may be used to deter
mine brief periods of inactivity from as low as 
7.8 milliseconds to as high as 117.2 mil
liseconds, and establish a clean breakpoint 
for Suspending the system. 

Advantages of SAM: 

1. SAM is a reliable and consistent ap
proach to detecting system activity. 

2. SAM is hardware based making it truly 
non-obtrusive. 

3. SAM is independent of the operating 
environment and the execution mode 
of the processor. 

4. SAM can perform in two modes: 

• Detection of system activity for extended 
periods of time, for the purposes of sys
tem timeout. 

• Detection of brief periods of inactivity for 
initiating Suspend. 

5. Programmability allows for the control 
of sources of system activity and set
ting up coarse and fine timeout 
values. 

6. SAM generates a signal called local 
Attention (lCl __ ATN) on reaching 
programmed periods of timeout. This 
signal is generally tied to an unused 
I RO level to invoke the Power 
Management program. 

7. SAM also carries information on DMA 
activity state. This is used for deter
mining whether it is appropriate to 
place the processor in the Sleep 
Mode. 

9.2 

WD771 O/WD771 OLP 

8. SAM makes it possible to read the 
state of the interrupt controllers and, if 
needed, reprogram them on Resume. 
This is provided to handle the 
spurious interrupts that are generated 
by devices at powerup time on 
Resume. 

NOTE 
SAM cannot be used for determining 
when the processor should be placed in 
the Sleep Mode. This determination is in
timately tied to the operating environ
ment and is handled by Western Digital's 
Power Management drivers DOSIVCPI, 
Windows and OS/2. 

PROCESSOR POWER DOWN MODE 

The Processor Power Down Mode is initiated by 
setting bit 13 of the register at Port Address 
1872H to one. The CPU RES signal is asserted, 
then tristated. An internal 200K pullup resistor 
holds the CPU RES active. The Processor Power 
Down (PMC # 5) signal from the PMC Control 
Register is used to control the power converter 
from the processor. The WD7710lP holds 
CPUClK, READY, HOLD, INTRO and NMI low to 
the processor. 

The same conditions used to restart a stopped 
clock also initiate the Power Up Mode. The 
Power Up Mode is entered by an unmasked 
DRO, unmasked IRO interrupt or a PMC input 
change, resulting in an unmasked NMI to Port 
9072H. A Processor Power Good signal is then 
input on the PMCIN pin. After 1 ms., PMC 
Processor Power Good signal is checked for a 
logic 1 state. At this time, CPU RES is driven high 
and the CPUClK, READY, HOLD, INTRO and 
NMI signals are driven to their correct states. 
CPU RES remains asserted for 64 additional 
CPUClKs. 

The PMC unit is composed of two external chips, 
74HCT273 octal latch used for the eight PMC 
outputs from data bus EDO - ED7 and a 
74HCT151 8:1 multiplexer used for the PMCIN 
signal. The PMC output latches are cleared at 
power up (see Figure 5-1). 

The keyboard processor may access the 
WD7710lP's internal registers by way of the PMC 
logic. The keyboard processor starts a local ac-
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cess by asserting lCl_REQ, which causes 
PMCIN 2 to be asserted and written in the PMC 
input register at Port 8872H (see Figure 5-1 and 
Table 9-2). The W07710lP arbitrates with 
refresh, OMA and master for a hold cycle from the 
processor. When the processor returns a hold ac
knowledge (HLDA), the W07710lP asserts 
lCl_ACK (PMC output 3 from Port 7072H) on the 
EOO - E07 data bus. The keyboard processor 
then passes the opcode/address byte to the 
W07710lP on the data bus and drops the 
lCl_REQ. The W07710lP responds by de-as
serting lCl_ACK. 

If the opcode specified a register write, data high 
(015 through 008) and data low (007 through 
000), bytes are passed to the W07710lP. If the 
opcode specified an I/O read, the data high and 
data low bytes are sent from the W0771 OlP to the 
keyboard processor. 

POWER MANAGEMENT CONTROL 

All special operation registers within the 
W07710lP may be accessed in this manner 
without first unlocking the register. See section 
2.8.2, Port Address F073H, for lock/Unlock 
Register. This method allows the keyboard 
processor to control speed switching and other 
parameters without host processor intervention. 

Figure 9-1 shows the handshake procedure, 
followed by the keyboard controller and the 
W07710lP. 

Figures 9-2 and 9-3 represents the powerdown 
and powerup sequence and control. 
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3 5 

lOCAL REO ---1 
2 

lOCAL ACK _____ ..J L 
4 6A 7A 

lOR ---1 U LJ L.J 
66 76 

lOW --.Jr------------...,U .... ------wLJr---

8042 Requests local data transfer 

2 WD7710lP returns lOCAl_ACK after receiving HlDA from the host processor 

3 8042 loads address and OPCODE into data register, then drops lOCAL_REa 

4 WD7710lP reads address and OPCODE 

5 8042 Reloads data register with high byte, then asserts lOCAL_REa 

6A WD7710lP Reads high byte 

7A WD7710lP Read low byte, writes to internal register 

FOR READ CYCLE OF WD7710lP INTERNAL REGISTER: 

66 WD7710lP Writes high byte to 8042 

76 WD7710lP writes low byte to 8042 

OP_CODE FORMAT 

7 6 5 4 3 

IDIRIRsvl 
A A A 

1 5 1 4 1 3 

2 

A A 
1 2 1 1 

DIR - Read register (generates lOW to 8042) 

DIR 0 - Write register (generates lOR to 8042) 

0 

A 
1 0 

FIGURE 9-1. REGISTER ACCESS BY KEYBOARD CONTROLLER 
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9.3 PMC OUTPUT CONTROL REGISTERS 

Port Address 7072H - Bits 07-00 are Read only 

15 l 14 1 13 1 .12 1 11 1 10 1 09 1 08 

07 1 06 1 05 1 04 1 03 1 02 1 01 1 00 

OUT OUT OUT OUT OUT OUT OUT OUT 
76543210 

Signal Default 
Name RSTIN 
All signals .. . . . . . . . . . . . . . None 

PMC Output Control Bits 7:0 

Featured only in the WD771 OlP 

PMC PMC OUTPUT SIGNAL 
PORT7072H 

OH CPU Clock Driver Enable 

1H LCD Enable 

2H Backlight Enabled 

3H lCl_ACK 

4H lCl_ATN 

5H Processor powerdown 

6H GateA20 

7H Full Powerdown 

POWER MANAGEMENT CONTROL 

Port Address 7872H - Bits 07-00 are Read and 
Write 

15 114 113 112 111 1 10 1 09 108 

071 06 1 05 1 04 1 03 1 02 1 01 1 00 

OUT OUT OUT OUT OUT OUT OUT OUT 
FED C B A 98 

Signal Default 
Name RSTIN 
All signals . . . . . . . . . . . . . .. None 

PMC Output Control Bits 15:08 

Featured only in the WD771 OlP 

PMC PMC OUTPUT SIGNAL 
PORT 7872H 

8H User Defined 

9H User Defined 

AH User Defined 

BH User Defined 

CH User Defined 

DH User Defined 

EH User Defined 

FH User Defined 

TABLE 9-1. PMC OUTPUT SIGNALS 
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9.4 PMC TIMERS 

Port Address 8072H - Read and Write 

When no keyboard or Mouse interrupts have 
occurred for the time specified by BL_TIMEOUT or 
LCD_TIMEOUT, PMC Output 1 or 2 is written to 
the PMC OUTPUT CONTROL 7:0 register at 
Port Address 7072H (see Table 9-1) to disable the 
LCD or Backlight. The timer is reset and the 
Backlight and LCD control re-enabled at the 
refresh cycle following a Keyboard or Mouse inter
rupt. The Mouse Interrupts are programmed by 
bits 01 and 00 (BL_MOU) in the RAM Shadow 
And Write Protect Register at Port Address 
6072H. The same timer is used for the Backlight 
and LCD timeout. 

The timeout delay may be programmed in incre
ments of five seconds, to a maximum of 1,270 
seconds, or 21 minutes and 10 seconds. 

15 114 113 I 12 111 I 10 I 09 I 08 

071 06 I 05 I 04 I 03 I 02 I 01 I 00 

Signal 
Name 

LCD_TIMEOUT 

Default 
RSTIN 

BL_TIMEOUT t 
LCD_TIMEOUT t 

....... 0 
......... 0 

t Featured only in the WD7710LP 

Bits 15-08 - BL_TIMEOUT, Backlight Time Out 

OOH - Backlight always disabled 
01 H - Enabled for 5 seconds 
02H - Enabled for 10 seconds 

t 
FEH - enabled for 254 x 5 seconds 
FFH - Backlight enabled 

WD771 O/WD771 OLP 

Bits 07-00 - LCD_TIMEOUT, LCD Time Out 

OOH - LCD always disabled 
01 H - Enabled for 5 seconds 
02H - Enabled for 10 seconds 

t 
FEH - enabled for 254 x 5 seconds 
FFH - LCD enabled 

9.5 PMC INPUTS 

Port Address 8872H - Read and Write 

15 14 13 I 12 I 11 I 10 I 09 I 08 

PMC EN AF AF AF AF AF AF 
UPO LCL 7 6 5 4 3 2 

07 I 06 I 05 I 04 I 03 I 02 I 01 I 00 

IN IN 
7 6 

IN 
5 

Signal 
Name 
PMC_UPD 
EN_LCL t 
AF7-AF2 t 
IN7-INO .. 

IN 
4 

IN 
3 

IN 
2 

t Featured only in the WD7710LP 

IN 
1 

Default 
At RSTIN 

o 
o 
o 
None 

Bit 15 - PMC_UPD, Enable PrvlC Update 

PMC_UPD = 0-
No update cycles occur. 

PMC_UPD = 1 -

IN 
o 

A change of state of PMC outputs 7 
through 0 (Port Address 7072H) or the 
internal A20 GATE, causes an update 
cycle of the PMC 7:0 output latch. 
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Bit 14 - EN_LCL, Enable local Request - Fea- 9.6 PMC INTERRUPT ENABLE 
tured only in the WD771 alP Port Address C872H - Read and Write 

EN_lCl enables the PMCIN 2 to initiate a local 
access of the WD7710lP internal registers 
from the keyboard controller. 

EN_lCl= 0-
PMCIN 2 is user defined. 

EN_lCl= 1 -
PMCIN 2 is lOCAl_REQ. 

Bits 13·08 - AF7-AF2, local Attention Flags 
Featured only in the WD771 OlP 

local attention flags AF7 through AF2 are set 
to indicate which PMC input(s) have caused 
lCl_ATN in PMC Interrupt Enable Register 
at Port ·C872H to be asserted. To clear the 
flag and corresponding IN bit in the PMC In
puts Register, it is necessary to clear the cor
responding EA bit in PMC Interrupt Enable 
Register. If both an EA bit and EI bit in the 
PMC Interrupt Enable Register are set, both 
must be reset to clear the corresponding IN 
status and AF flag. 

AF7 - AF2 = 0-
This PMC input did not cause lCl_ATN 
to be asserted. 

AF7 - AF2 = 1 -
This PMC input caused lCl_ATN to be 
asserted. 

Bits 07-00 - 1N7-INO, PMC Inputs 7-0 

The Activity Monitor Mask Register at Port Ad
dress D872H may be used to select one of the 
PMC inputs IN7 through IN2 as a source of 
activity for power management purposes. 

IN7 through INa are status flags which pro
vide information about the corresponding 
PMC input IN7 through INa. IN1 and INO rep
resent the current state of the input, while IN7 
through IN2 represent either the current state 
or a latched transition. An IN7 through IN2 
status is unlatched when both the cor
responding EI and EA bits in the PMC Inter
rupt Enable Register at Port C872H are reset. 
It becomes a latched status when either the 
corresponding EI or EA bit is set. See Table 
9-2. 

15 114 1 13 1 12 111 110 09 08 

EI7 EI6 EI5 EI4 EI3 EI2 
Non-maskable Interrupt Enable 

07 1 06 1 05 1 04 1 03 102 01 00 

EA7 EA6 EA5 EA4 EA3 EA2 
Local Attention Enable 

Signal Default 
Name At RSTIN 
E17-E12 t . . . . . . . . . . . . . . . 0 
EA7-EA2 t .............. 0 

t Featured only in the WD7710LP 

Bits 15-10 - EI7-EI2, Non-maskable Interrupt 
Enable 7 through 2 - Featured only in the 
WD7710lP 

EI7 through EI2 enable the generation of an 
NMI when the corresponding PMC inputs 
INJ through IN_2 in Port 8872H change 
state. For example, when EI7 is a 1 and 
IN_7 changes from a a to 1 an NMI will be 
generated. 

E17-E12 = 0 -
Non-maskable Interrupt not enabled 

E17-E12 = 1 -
Non-maskable Interrupt is enabled 

Bits 09, 08 - Not used, state is ignored 

Bits 07-02 - EA7-EA2, local Attention Enable 
Featured only in the WD771 alP 

EA7 through EA2 enable the assertion of 
lCl_ATN by the corresponding INJ through 
IN_2. lCl_ATN is PMC output number 4. 

EA7-EA2 = 0-
lCl_ATN is not enabled 

EA7-EA2 = 1 -
lCl_ATN is enabled 

Bits 01, 00 - Not used, state is ignored 
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9.7 NMI STATUS 

Port Address 9072H - Read and Write 

15 14 13 12 11 10 09 

0 0 0 0 0 0 0 

07 I 06 l 051 04 1 03 102 01 

IF? IF6 IF5 IF4 IF3 
Non-maskable Interrupt Flags 

Signal 
Name 
IF7-IF2 t .......... . 
t Featured only in the WD7710LP 

Bits 15-08 - Not used, must be 0 

PMC INPUT 

IF2 0 

Default 
At RSTIN 

. . 0-0 

08 

0 

00 

0 

NUMBER1 PMC INPUT NAME 

OOH TURBO 

01H PROC_PWR_GOOD 

02H LCL_REQ or 
User Defined 

03H User Defined 

04H User Defined 

05H User Defined 

06H User Defined 

07H User Defined 
1 Port Address 8872H, section 9.5 
2 Port Address 9072H, section 9.7 

Port Address 8872H, section 9.5 

WD7710/WD771 OLP 

Bits 07-02 - IF7-IF2, Non-maskable Interrupt 
Flags 7 through 2 - Featured only in the 
WD7710LP 

NMI interrupt flags IF7 through IF2 are set to 
indicate which PMC input(s), if any, have 
caused NMI to be asserted. To reset the flag 
and corresponding IN status bit in the PMC 
Input Register at Port 8872H, it is necessary 
to reset the corresponding bit in the PMC In
terrupt Enable Register at Port C872H. If 
both an EA bit and EI bit in the PMC Interrupt 
Enable Register are set, both must be reset 
to ciear the corresponding IN status and IF 
flag. 

Bits 01, 00 - Not used, must be 0 

SETS FLAG 
INTERRUPT ON NUMBER2 

IF2 or AF2 
Transistion 

Transistion IF3 or AF3 

Transistion IF4 or AF4 

Transistion IF5 or AF5 

Transistion IF6 or AF6 

Active Edge IF7 or AF7 

TABLE 9-2. PMCIN INPUTS 
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9.8 SERIAL/PARALLEL SHADOW 
REGISTER 

Port Address D072H - Read only 

The Shadow Register is particularly useful in lap
top applications by allowing the suspend/resume 
software to restore correct status to on-board 
serial and parallel devices. 

15 114 13 J 12 11 J10 I 09 I 08 

SP_A SP_B PP_2 

07 I 06 I 05 I 04 I 03 I 02 I 01 I 00 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . . . . None 

Bits 15, 14 - SP _A, Serial Port A Register 2 

This field represents bits 7 and 6 of Serial 
Port A Register 2. 

Bits 13, 12 - SP _B, Serial Port 8 Register 2 

This field represents bits 7 and 6 of Serial 
Port 8 Register 2. 

Bits 11-08 - PP _2, Parallel Port Register 2 

This field represents bits 3-0 of Parallel Port 
Register 2 

Bits 07-00 - PP _0, Parallel Port Register 0 

This field represents bits 7-0 of Parallel Port 
Register O. 

POWER MANAGEMENT CONTROL 

9.9 INTERRUPT CONTROLLER SHADOW 
REGISTER 

Port Address D472H - Read only 

When performing a resume operation, it may be 
advantageous to reset and reinitialize the interrupt 
controllers in the WD7710. Since many of the 
interrupt control registers are write only, it is im
possible to determine the state of the interrupt 
controllers at suspend time. This register makes 
it possible to determine the state of selected sig
nals internal to the master and slave interrupt con
trollers. With this information, when the interrupt 
control registers are reinitialized during resume, 
they can be returned to the state in which they 
were before suspend. 

ICW2, ICW4, OCW2 and OCW3 referred to in this 
text is further defined in sections 5.5.2.2, 5.5.2.4, 
5.5.3.2 and 5.5.3.3. 

15 14 113 12 11 10 09 08 

AMT DEV TM7 TS7 SF AUT_ RA 
OUT NM EOI EO! 

07 I 06 I 05 04 
1 03 1 02 01 00 

PLM2PLM1 PLMO PLS2 PLS1 PLSO SMM SMM 
Priority Level Master Priority Level Slave M S 

Signal Default 
Name At RSTIN 
Bits 15, 12-00 . . . . . . . . . . . .. None 
Bits 14, 13 .............. 00 

Bit 15 - AMTOUT, Activity Monitor Timeout 

AMTOUT represents the current state of the 
timeout comparator in the activity monitor. It 
is for test purposes only 

Bit 14, 13 - DEV, Device 

DEV identifies the device as WD7910 or 
WD771 0 and is used in conjunction with VER 
at Port Address 9872H and SVER at Port Ad
dress A872H. DEV, VER and SVER are 
defined in Table 10.1. 
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Bit 12 - TM7, Master Interrupt Vector Bit 7 

TM7 represents bit 7 of the Interrupt Vector in 
the Master Interrupt Controller as set by 
ICW2. Bits 6 through 3 of the Interrupt Vector 
may be read from 06 through 03 by a Poll 
Command to the Master Interrupt Controller. 
The Poll Command is implemented by P _C = 
1 (bit 2 of OCW3). 

Bit 11 - TS7, Slave Interrupt Vector Bit 7 

TS7 represents bit 7 of the Interrupt Vector in 
the Slave Interrupt Controller as set by ICW2. 
Bits 6 through 3 of the Interrupt Vector may 
be read from 06 through 03 by a Poll Com
mand to the Slave Interrupt Controller. The 
Poll Command is implemented by P _ C = 1 
(bit 2 of OCW3). 

Bit 10 - SFNM, Special Fully Nested Mode 

SFNM represents the state of ICW4 - bit 4 
in the Master Interrupt Controller. The 
W07710 does not require SFNM for the 
slave interrupt controller and ignores its state. 

Bit 09 - AUT_EOI, Auto End Of Interrupt 

AUT _EOI represents the state of ICW4 - bit 1 
in the Master Interrupt Controller. The 
W07710 does not require AUT _EOI for the 
slave interrupt controller and ignores its state. 

Bit 08 - RA_EOI, Rotate Auto End Of Interrupt 

RA_EOI indicates whether or not Rotate On 
Automatic End Of Interrupt has been selected 
in the Master Interrupt Controller by 
EOI_CONT (bits 7 through 5 of OCW2). The 
W0771 0 does not require Rotate On End Of 
Interrupt for the slave interrupt controller and 
ignores its state. 

RA_EOI = 0-
Rotate On Auto End Of Interrupt has 
not been selected. 

RA_EOI = 1-
Rotate On Auto End Of Interrupt has 
been selected. 

Bits 07-05 - PLM2-PLMO, Priority Level Master 

PLM2-PLMO represent the bottom priority 
level programmed into the Master Interrupt 
Controller by INT_LEV (OCW2 bits 2 through 
0). 

WD7710/WD7710LP 

Bits 04-02 - PLS2-PLSO, Priority Level Slave 

PLS2-P LSO represent the bottom priority 
level programmed into the Slave Interrupt 
Controller by INT _LEV (OCW2 bits 2 through 
0). 

Bit 01 - SMMM, Special Mask Mode Master 

SMMM indicates whether Special Mask 
Mode has been set in the Master Interrupt 
Controller by a write to SMM in OCW3. 

SMMM = 0-
Special Mask Mode is not enabled. 

SMMM = 1 -
Special Mask Mode is enabled. 

Bit 00 - SMMS, Special Mask Mode Slave 

SMMS indicates whether Special Mask Mode 
has been set in the Slave Interrupt Controller 
by a write to SMM in OCW3. 

SMMS = 0-
Special Mask Mode is not enabled. 

SMMS = 1 -
Special Mask Mode is enabled. 

9.10 PORT 70 SHADOW REGISTER 

Port Address E472 

15 14 13 12 11 10 09 08 
ClK REF INTR NOD TOO RSVD RSVD RSVD 
32K DET MA UN 

07 06 05 04 03 02 01 00 
NMI RTC RTC RTC RTC RTC RTC RTC 
MSK IR6 IR5 IR4 IR3 IR2 IR1 IRO 

This register provides read-only information 
on the status of interrupts and OMA which is 
useful for determining when the processor 
may be put to sleep. Two bits are also 
provided for generating software delays 
without incurring the operating system traps 
that would result from accessing I/O port 
0061 in virtual 86 mode. This register also 
contains a shadow of the real time clock ad
dress register, a write only I/O port. It is 
necessary to access the real-time clock 
CMOS RAM during Suspend/Resume opera
tions. This shadow of Port 0070 allows it to 
be restored to the same state it was in at 
suspend time. 
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This register can be read without first unlock
ing the WD7710. This is important since the 
CLK32K, REFDET, and TODUN bits may 
need to be read frequently. 

Bit 15 - CLK32K 

This read-only bit is a divide by 2 of the 
PDREF input. It can be read to provide a 
stable timing reference, not subject to 
reprogramming of the refresh rate. CLK32K 
has a 30.5 microsecond period with a 50% 
duty cycle. 

Bit 14 - REFDET 

This read-only bit is a copy of the REFDET 
bit available from I/O Port 0061, Bit 4. 

Bit 13 -INTR 

This read-only bit gives the state of the INTR 
output pin to the CPU. 

BH12-NODMA,NoDMA 

This read-only bit is set whenever it has been 
at least 30.5 microseconds since the last 
DMA or bus master cycle occurred. 

Bit 11 - TODUN, Time of Day Update Needed 
(R/W) 

This is a general purpose storage bit which 
can be written and read but has no effect on 
internal logic. Its purpose is to allow an 8MI 
handler to signal the operating system that 
the time of day has been corrupted. This bit is 
checked by the Timer 0 Interrupt Handler. 
Note that although this bit is readable without 
unlocking the WD771 0, it cannot be written 
unless the WD771 0 is unlocked. 

Bits 10:8 - RSVD 

These read-only bits are reserved for future 
use. They currently are read back as a o. 

Bit 7 - NMIMSK, NMI Mask 

This read-only bit gives the state of the NMI 
mask bit as it was set the last time I/O port 
0070 was written. 

Bits 6:0 - RTCIR6-0 

These read-only bits give the state of the real 
time clock address register as it was set the 
last time 110 port 0070 was written. 
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9.11 ACTIVITY MONITOR CONTROL 
REGISTER 

Port Address B072H - Bits 15, 13-11, 08-00 Read 
and Write Bits 14,10,09 Read only 

For an overview of the Activity Monitor Register, 
see the general description of the Activity Monitor 
Mask Register in section 9.12. 

15 14 13 12 11 10 09 08 

IRR CB12 AM ACT IND ACT ACT AM 
AE TM LCH ET AFT BEF EN 

07 106 105 104 03 102 I 01 100 

Coarse 1imeout Count 
AMC7 AMC6 AMCS AMC4 

Signal 
Name 

IRRAE 
CB12 . 
AMTM 
ACTLCH 
INDET . 
ACTAFT 
ACTBEF 
AMEN ..... 
AMC7-AMCO . 

Fine Timeout Count 
AMC3 AMC2 AMC1 AMCO 

Default 
At RSTIN 

o 
None 
o 
None 
None 
None 
None 
o 
0-0 

Bit 15 - IRRAE, Interrupt Request Register 
Activity Enable 

IRRAE controls whether or not the IRR (Inter
rupt Request Register) bits from the Interrupt 
Controller at Port Address 020H, OAOH may 
be a source of activity (refer to section 5.5). 

IRRAE = 0-
No IRR bits can be used as an activity 
source. 

IRRAE = 1 -
IRR bits can be a source of activity. 
IRR8, IRR7 and IRRO may still be 
masked by Port Address D872H. 

Bit 14 - CB12, Counter Bit 12 

For factory use only. 

The activity monitor circuitry contains a 17 -bit 
timeout counter for generating long timeouts. 
For test purposes, CB12 represents the 
twelfth bit of that counter. 
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Bit 13 - AMTM, Activity Monitor Test Mode 

AMTM = 0-
Activity Monitor functions normally. 

AMTM = 1 -
Activity Monitor is in Test Mode. Activity 
Monitor State Machine is clocked faster 
than normal and nine stages of the 17-
bit timeout counter are bypassed. 

Bit 12 - ACTLCH, Activity Latch 

This latch is always enabled, regardless of 
other enable bit settings. Writing a 1 to 
ACTLCH has no effect. 

ACTLCH = 0-
The Activity Latch is reset by writing 0 
to ACTLCH. 

ACTLCH = 1 -
Activity by an unmasked source has oc
curred. 

Bit 11 -INDET, Inactivity Detect 

Writing a 1 to INDET has no effect. 

INDET = 0-
Writing 0 to INDET, or placing the Activity 
Monitor in the idle state by writing 0 to 
AMEN (bit 8), resets INDET, ACTAFT 
and ACTBEF. 

INDET = 1 -
System is idle and the Activity Monitor 
has requested the local attention output 
be set. This occurs when there has 
been no unmasked activity, allowing the 
predetermined timeout (bits 07-00) to 
be reached. 

NOTE 
PMCIN transitions may also cause the 
local attention (LCL_ATN PMC 4) output 
to be set. 

Bit 10 - ACTAFT, Activity After INDET 

ACTAFT is a read only bit and its state is 
ignored during writes. 

ACTAFT = 0-
Writing 0 to INDET, or placing the Ac
tivity Monitor in the idle state by writing 
o to AMEN (bit 8), resets INDET, ACT
AFT and ACTBEF. 

ACTAFT = 1 -
Activity has occurred after INDET had 
been set. This would happen when ac-
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tivity occurs during the time it takes to 
reach the interrupt service routine invoked 
by the local attention output request. 

Bit 09 - ACTBEF, Activity Before INDET 

ACTBEF is a read only bit and its state is 
ignored during writes. 

ACTBEF = 0-
Writing 0 to INDET, or placing the Activity 
Monitor in the idle state by writing 0 to 
AMEN (bit 8), resets INDET, ACTAFT 
and ACTBEF. 

ACTBEF = 1 -
Activity did occur and reset the timeout 
counter before INDET was set. This is 
important if consecutive timeout periods 
are being counted in a service routine 
to obtain a system timeout period other 
than that available using AMC7-AMCO 
(bits 07-00). It would be necessary for 
the routine to clear the software counter 
if ACTBEF were set, since there would 
have been no activity only for the period 
of time programmed in AMC7-AMCO. 

Bit 08 - AMEN, Activity Monitor Enable 

This is the master enable for the Activity 
Monitor. 

AMEN = 0-
Writing 0 to AMEN places the Activity 
Monitor in the idle state. 

AMEN = 1 -
Writing 1 to AMEN causes the Activity 
Monitor to start clocking the timeout 
counter. Each time an unmasked 
source of activity is detected, the 
counter is cleared. If no unmasked 
source of activity is detected before the 
timeout counter reaches the value 
programmed by ACM7 through ACMO, 
INDET and the local attention output 
are set. The timeout counter is then 
cleared and a new timeout sequence 
begins. 

Bits 07-04 - AMC7-AMC4, Activity Monitor 
Counter Coarse 

AMC7 -AMC4 establish the timeout values 
from 64 seconds to 16 minutes in 64-second 
increments. These bits must only be written 
when the Activity Monitor is disabled (AMEN 
= 0). They may be read at any time. 
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AMC7 AMC6 AMC5 AMC4 

0 0 0 0 o seconds 

0 0 0 1 1 min.,4s 

0 0 1 0 2 min., 8s 

0 0 1 1 3 min., 12s 

0 1 0 0 4 min., 16s 

0 1 0 1 5 min., 20s 

0 1 1 0 6 min., 24s 

0 1 1 1 7 min., 28s 

1 0 0 0 8 min., 32s 

1 0 0 1 9 min., 36s 

1 0 1 0 10 min., 40s 

1 0 1 1 11 min., 44s 

1 1 0 0 12 min., 48s 

1 1 0 1 13 min., 52s 

1 1 1 0 14 min., 56s 

1 1 1 1 16 min., Os 

Bits 03-00 - AMC3-AMCO, Activity Monitor 
Counter Fine 

AMC3-AMCO establish the timeout values 
from 7.8 milliseconds to 117.2 milliseconds in 
7.8 millisecond increments. Tolerance on 
time delays is -0, +3.9 milliseconds. These 
bits must only be written when the Activity 
Monitor is disabled (AMEN = 0). They may 
be read at any time. 

AMC3 AMC2 AMC1 AM CO 

0 0 0 0 Oms 

0 0 0 1 7.8 ms 

0 0 1 0 15.6 ms 

0 0 1 1 23.4 ms 

0 1 0 0 31.3 ms 

0 1 0 1 39.1 ms 

0 1 1 0 46.9 ms 

0 1 1 1 54.7 ms 

1 0 0 0 62.5 ms 

1 0 0 1 70.3 ms 

1 0 1 0 78.1 ms 

1 0 1 1 85.9 ms 

1 1 0 0 93.8 ms 

1 1 0 1 101.6 ms 

1 1 1 0 109.4 ms 

1 1 1 1 117.2 ms 
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NOTE 
The fine timeout delay (AMC3 through 
AMCO) is added to the coarse timeout 
delay (AMC7 through AMC4) to obtain 
the total timeout delay. 

9.12 ACTIVITY MONITOR MASK REGISTER 

Port Address D872H - Read and Write 

The activity monitor provides a hardware solution 
for determining inactivity in a system. Knowing 
when a system is inactive is key to performing 
such power reduction activities as suspend. When 
the Activity Monitor is enabled by the Activity 
Monitor Control Register at Port Address B072H, 
the Activity Monitor clocks a counter and invokes a 
service routine using local attention when the 
counter reaches a programmed timeout value. 
However, while the counter is being clocked, the 
Activity Monitor continuously monitors for any of 
several events that would indicate that the system 
is active. If any of these events occur, the counter 
is reset and the timeout starts over. Thus the ser
vice routine is only invoked when the system has 
been inactive for a programmed period of time. 

To provide a high degree of flexibility in determin
ing what is active and what is not, many sources 
are routed to the Activity Monitor. These include 
the IRR (Interrupt Request Register) and ISR (In 
Service Register) bits from the Interrupt Controller, 
the PMC inputs, NMI output, DMA (or AT Master) 
cycles and I/O accesses to either the numeric 
coprocessor, hard disk data port or programmable 
chip select. All of these sources are considered 
activity unless masked. 

The interrupt input masks are controlled in the 
lower byte. All ISR and IRR bits are detected as 
activity except those specifically masked. Note, 
however, that ISR2 and IRR2 are not examined 
since they are cascade interrupts only. Also, IRR3 
and IRR4 are qualified by the Mask Register in the 
Interrupt Controller before being passed to the Ac
tivity Monitor. The master mask for all IRR bits is 
the IRRAE bit in the register at Port Address 
B072H. 
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15 14 13 /12 /11 10 09 08 

PCS PMC PMC PMC PMC NMI HDD COP 
M ILS IS2 IS1 ISO M M M 

07 I 06 05 104 103 02 I 01 I 00 

IMS1 IMSO IRRB IRR? IRRO ISRB ISR? ISRO 
M M M M M M 

Signal Default 
Name RSTIN 
All signals ............... 0 

Bit 15 - PCSM, Programmable Chip Select Mask 

PCSM = 0-
Read or write I/O accesses to the ports 
defined by the programmable chip select 
in the WD7710lP are considered ac
tivity. 

PCSM = 1 -
Read or write I/O accesses to the ports 
defined by the programmable chip select 
in the WD7710lP are ignored. 

Bit 14 - PMCILS, Power Management Control 
I nput level Select 

PMCllS determines which logic level on the 
selected PMC input is to be considered ac
tive. (See bits 13-11, PMCIS2-0.) 

PMCllS = 0-
PMCIN is active low. 

PMCllS = 1 -
PMCIN is active high. 

Bits 13-11 - PMCIS2·PMCISO, Power Manage
ment Control Input Select 

One of the PMC inputs IN7 through IN2 at 
Port Address 8872H may be selected for 
detection as a source of activity. 

NOTE 
The EI and EA bits at Port Address 
C872H, corresponding to the selected IN 
signal, should be cleared to prevent the 
IN signal from being latched internally. 

PMCIS 2 1 0 
o 0 0 - PMC input 2 selected 
o 0 1 - PMC input 3 selected 
o 1 0 - PMC input 4 selected 
o 1 1 - PMC input 5 selected 
1 0 0 - PMC input 6 selected 

o 1 - PMC input 7 selected 
1 0 - Reserved 
1 1 - Disabled, no PMC 

inputs checked 

Bit 10· NMIM, Non-maskable Interrupt Mask 

NMIM = 0-
The NMI output is used as a source of 
activity. 

NMIM = 1 -
The NMI output is ignored. 

Bit 9 • HDDM, Hard Disk Data Port Mask 

HDDM = 0-
If the hard disk chip select has been 
enabled by bit 01 at Port Address 
2872H, I/O read and write operations to 
the 16-bit hard disk data port are al
lowed as a source of activity. 

HDDM = 1 -
The hard disk data port I/O is ignored. 

Bit 8 • COPM, Coprocessor Mask 

COPM = 0-
I/O cycles to the coprocessor are 
treated as a source of activity. For an 
80286 system, this is I/O address range 
00F8H through OOFFH. For an 
80386SX s~em, this is when A23 is 
high and M/IO is low. 

COPM = 1 -
I/O to the coprocessor is ignored. 

Bits 07,06 ·IMS1·0, Interrupt Mask Select 

The local attention generated by the Activity 
Monitor will be routed to an available interrupt 
input to invoke a service routine. That inter
rupt is not to be detected as a source of ac
tivity. IMS1 through 0 provide a selection of 
four possible inputs to be used for this func
tion and masks the corresponding IRR and 
ISR bits as sources of activity. 

IMS 1 0 
o 0 - IR05 masked 
o 1 - IR01 0 masked 
1 0 - IR011 masked 
1 1 - IR015 masked 

Bit 05 - IRR8M, Interrupt Request Register 8 Mask 

IRR8M = O-
Real-Time Clock Interrupt (IRR8) may 
be detected as a source of activity. Bit 
15 in the Activity Monitor Control Register 
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at Port Address B072H must also be 
set. 

IRRSM = 1 -
Real-Time Clock Interrupt (IRRS) is ig
nored. 

NOTE 
See Test Enable Register (A872), Sec
tion 11.3 for information about IRQ9 
enable control. 

Bit 04 - IRR7M, Interrupt Request Register 7 Mask 

IRR7M = 0-
Parallel Port or Spurious Interrupt 
(IRR7) may be detected as a source of 
activity. Bit 15 in the Activity Monitor 
Control Register at Port Address B072H 
must also be set. 

IRR7M = 1 -
Parallel Port or Spurious Interrupt 
(IRR7) is ignored. 

Bit 03 - IRROM, Interrupt Request Register 0 Mask 

IRROM = 0-
Time Of Day Interrupt (IRRO) may be 
detected as a source of activity. Bit 15 in the 
Activity Monitor Control Register at Port Ad
dress B072H must also be set. 

IRROM = 1 -
Time Of Day Interrupt (IRRO) is ignored. 

Bit 02 -ISR8M, Interrupt Service Register S Mask 

ISRSM = O-
Real-Time Clock Interrupt (ISRS) may 
be detected as a source of activity. 

ISRSM = 1 -
Real-Time Clock Interrupt (ISRS) is ig
nored. 

Bit 01 -ISA7M, Interrupt Service Register 7 Mask 

ISR7M = 0-
Parallel Port or Spurious Interrupt 
(ISR7) may be detected as a source of 
activity. 

ISR7M = 1 -
Parallel Port or Spurious Interrupt 
(ISR7) is ignored. 

Bit 00 -ISROM, Interrupt Service Register 0 Mask 

POWER MANAGEMENT CONTROL 

ISROM = 0-
Time of Day Interrupt (ISRO) may be 
detected as a source of activity. 

ISROM = 1 -
Time Of Day Interrupt (ISRO) is ignored. 

9.13 3V Suspend Shadow Registers 

The 3V suspend mode provides maximum power 
savings for the system. The contents of the 
DRAM, chip set registers, CPU registers and 
video RAM are all written to the hard disk and 
then all voltages are shut down, including the 
power supply. The only logic left on in this mode is 
the real-time clock and a 3V suspend controller. 
The real-time clock and the 3V suspend controller 
run off of the real-time clock battery. When the 
resume request is sampled by the suspend con
troller, the suspend controller enables the power 
supply and resumes the system. 

To maintain compatibility with the IBM AT, the 
timer and DMA registers cannot be read back. To 
overcome this, these registers are shadowed and 
read back through other registers. (See descrip
tions for registers 3C72, 4472 and 4C72.) 

9.13.1 DMA Shadow Register 1 

Port Address 3C72H (R) 

15 14 13 12 11 10 
AD AUTO TRA_ TRA_ TRA_ TRA 
DEC TYP TYP MOD MOD 

07 06 05 04 03 02 
TRA_ TRA_ TRA_ TRA_ AD_ AUTO 
TYP TYP MOD MOD DEC 

09 08 
AD_ AUTO 
DEC 

01 00 
TRA_ TRA_ 
TYP TYP 

Bit 15, the AD_DEC bit of register OB for DMA 
channel 2. 

Bit 14, the AUTO bit of register OB for DMA chan
nel2. 

Bits 13:12, the TRA_ TYP bits of registers OB for 
DMA channel 1. 

Bits 11 :10, the TRA_MOD bits of register OB for 
DMA channel 1. 
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Bit 9, the AD_DEC bit of register DB for DMA 
channel 1. 

Bit 8, the AUTO bit of register DB for DMA chan
nel1. 

Bits 7:6, the TRA_ TYP bits of register DB for 
DMA channel 1. 

Bits 5:4, the TRA_MOD bits of register DB for 
DMA channel O. 

Bit 3, the AD_DEC bit or register DB for DMA 
channelO. 

Bit 2, the AUTO bit of register DB for DMA chan
nelO. 
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Bit 3:2, the TRA_TYP bits of register DB for chan
nel3. 

Bits 1 :0, the TRA_MOD bits of register DB for 
channel 2. 

9.13.3 DMA Shadow Register 3 

Port Address 4C72H (Read only for bits 14:0) 

15 14 13 12 11 10 09 08 
SCB EX RO_ CO_ TRA_ TRA_ 

WR PRI DIS MOD MOD 

07 06 05 04 03 02 01 00 
AD AUTO TRA TRA_ TRA_ TRA_ AD_ AUTO 
DEC TYP TYP MOD MOD DEC 

Bits 1 :0, the TRA_ TYP bits of register DB for Bit 15, Shadow Control BIT (SCB) 
DMA channel O. 

9.13.2 DMA Shadow Register 2 

Port Address 4472H (R) 

15 14 13 12 11 10 
TRA_ TRA_ TRA TRA AD AUTO 
TYP TYP MOD MOD DEC 

07 06 05 04 03 02 
TRA TRA AD_ AUTO TRA TRA 
MOD MOD DEC TYP- TYP-

09 
TRA_ 
TYP 

01 
TRA 
MOD 

08 
TRA 
TYP-

00 
TRA 
MOD 

Bit 14, Reserved 

Bit 13, When SCB is low, this bit represents the 
EX_WR bit of register 08. When SCB is high, this 
bit represents the EX_ WR bit of register of 
register 000. 

Bit 12, When SCB is low, this bit represents the 
RO_PRI bit of register 08. When SCB is high, this 
bit represents the RO_PRI bit of register 000. 

Bit 11, Reserved. 

Bits 15:14, the TR_TYP bits of register 006 for Bit 10, When SCB is low, this bit represents the 
channel 6. CO_DIS bit of register 08. When SCB is high, this 

bit represents the CO_DIS bit of register 000. 
Bits 13:12, the TRA_MOD bits of register 006 for 
channel 5. Bits 9:8, These bits represent the TRA_MOD bits 

of register 006 for channel 7. 
Bit 11, the AD_DEC bit of register 006 for chan-
nel5. Bit 7, AD_DEC bit of register 006 for channel 7. 

Bit 10, the AUTO bit of register 006 for channel 5. Bit 6, AUTO bit of register 006 for channel 7. 

Bits 9:8, the TRA_TYP bits of register 006 for Bits 5:4, the TRA_TYP bits of register 006 for 
channel 5. channel 7. 

Bits 7:6, the TRA_MOD bits of register DB for Bits 3:2, the TRA_MOD bits of register 006 for 
channel 3. channel 6. 

Bit 5, the AD_DEC bit of register DB for channel Bit 1, the AD_DEC bit of register 006 for channel 
3. 6. 

Bit 4, the AUTO bit of register DB for channel 3. Bit 0, the AUTO bit of register 006 for channel 6 
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9.13.4 DMA Base Address and Count Register 

When the SCB is high, the DMA base aaddress 
and base count can be read back from register 0 
to 7. When SCB is low, register 0 to 7 represents 
the current address and current count. 
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9.13.5 Timer Count 

When SCB is high, the timer base count can be 
read back from register 40:43. When SCB is low, 
the register 40:43 represents the timer current 
count. 
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9.14 SAVE AND RESUME 

When the WD771 OlP is in the Save And Resume Mode, it typically draws less than 500 flA, Figures 9-2 
and 9-3 illustrate the steps that the WD771 OlP goes through during power down and power up, 
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10.0 DIAGNOSTIC MODE 
Simultaneously asserting MASTER, MEMR and 10.1 DIAGNOSTIC REGISTER 
MEMW while RSTIN is asserted, causes all out- Port Address 9872H - Read and Write 
put pins to become tristated. The outputs remain 
tristated if RSTIN is de-asserted while MASTER, 
MEMR and MEMW are asserted. The outputs be
come active drivers when RSTIN is asserted and 
any of the MASTER, MEMR or MEMW are not 
asserted. The output tristate mode allows an in
circuit board tester to drive the WD7710's output 
pins. 

I/O Pin Mapping Mode 

The I/O Pin Mapping Mode provides the in-circuit 
tester for evaluating the connectivity of the 
WD7710 to the printed circuit board. Simul
taneously asserting MASTER, MEMR, MEMW 
when A 1 is high, A2 is low, and RSTIN is as
serted, causes the WD771 0 to switch to I/O Map
~ode. The WD7710 stays in this mode if 
RSTIN is deasserted while MASTER, MEMR, and 
MEMW are asserted. 

Full Tristate Mode 

Simultaneously asserting MASTER, MEMR, and 
MEMW with A 1 low and A2 high while RSTIN is 
asserted, causes all the output pins of the 
WD7710 to tristate and disablesall the pullup and 
pulldown register. The WD771 0 stays in this mode 
if RSTIN is deasserted while MASTER, MEMR 
and MEMW are asserted. The outputs become 
active drivers when RSTIN is asserted with any of 
the MASTER, MEMR or MEMW is deasserted. 
This allows the tester to test for leakage current of 
the device. 

Pullup and Pulldown Test Mode 

Simultaneously asserting MASTER, MEMR, 
MEMW with A 1 and A2 high while RSTIN is as
serted, causes all the output pins of the WD7710 
to become tristated and enables all the pullup and 
pulldown resistors. The WD7710 stays in this 
mode if RSTIN is deasserted while MASTER, 
MEMR and MEMW are asserted. The outputs be
come active drivers when RSTIN is asserted with 
any of the MASTER, MEMR or MEMW is deas
serted. This allows the tester to test the pullup 
and pulldown resistors of the device. 

15 114 1 13 12 11 10 09 08 

RSVD ClK - REF AUT_ ClK 
TST MAS- A20 SW 

07 06 05 I 04 I 03 I 02 I 01 I 00 

sx DS DrAG 

Signal Default 
Name RSTIN 
VER .................. VER # 
ClK TST ............... 0 
RE(~MAS .............. 0 
AUT A20 ............... 0 
Bit 09 ................. None 
ClK SW ............... 0 
SX - .................. None 
DS .................. 0 
DIAG ................. 0-0 

Bit 12 - CLK_ TST, Clock Test 

Diagnostics for factory use only. 

Bit 11 - REF_MAS, Bus Master Refresh 

Additional external logic may be required to 
support the bus master initiated refresh. 

REF_MAS = 0-
Does not support bus master initiated 
refresh (Default value). 

REF_MAS = 1 -
Supports bus master initiated refresh. 

Bit 10 - AUT_A20, Automatic Gate A20 

Normally, the Alternate Gate A20 signal from 
Port 092H is OR'ed with the 8042 Gate A20. 

When the AUT _A20 bit is set, the Alternate 
Gate A20 control bit automatically changes 
state to match the keyboard's Gate A20. Bit 
1 (ALT_A20G) of Port 092H is set or reset 
according to the way 8042 is programmed. 
When the keyboard data port is read using 
the D1 keyboard controller command, the 
state of the Gate A20 status bit is replaced by 
that of AUT_A20. 
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The state of the A20 gating signal is available 
on PMC output 6 by reading Port 7072H (see 
Table 9-1). 

AUT_A20 '" 0-
Normal Alternate Gate A20 (Default 
value). 

AUT_A20", 1 -
Automatic Gate A20 

Bit 09 - Not used, state is ignored. 

Bit 08 - CLK_SW, Clock Switch 

The short clock switch reset pulse width is 1 
!1s plus 16 CPUCLKs. The 80486 processor 
requires a 1 ms clock switch. 

CLK_SW '" 0-
Short clock switch reset width (Default 
value) 

CLK_SW", 1 -
1 ms clock switch reset width 

DIAG FUNCTION 

00000 Normal Speaker 

00001 Speaker Disabled 

00010 Reserved 

00011 Reserved 

00100 Reserved 

00101 Reserved 

00110 Reserved 

00111 Reserved 

01000 Reserved 

01001 Reserved 

01010 Reserved 

01011 Reserved 

01100 Reserved 

01101 Reserved 

01110 Reserved 

01111 Reserved 

WD7710/WD7710LP 

Bit 07 - SX, 80386SX Processor 

At power up the System Controller samples 
the type of processor in the system. 

SX '" 0-
80286 processor was detected. 

SX", 1 -
80386SX processor was detected. 

Bit 06 - OS, Diagnostic Signal 

OS represents the state of the diagnostic sig
nal selected by DIAG (bits 05 through 00). 

Bits 05-00 - DIAG, Diagnostic Function 

DIAG selects the diagnostic function to be 
performed. The OS bit represents the state 
of the signal selected. Table 10-1. lists the 
tests available. 

DIAG '" 00000 - Diagnostic output disabled, 
speaker normal. 

DIAG '" 00001 - Diagnostic output disabled, 
speaker disabled. 

DIAG FUNCTION 

10000 Reserved 

10001 Reserved 

10010 Reserved 

10011 Reserved 

10100 Reserved 

10101 Reserved 

10110 Reserved 

10111 Reserved 

11000 Reserved 

11001 Reserved 

11010 Reserved 

11011 Reserved 

11100 Reserved 

11101 Reserved 

11110 Reserved 

11111 Reserved 

TABLE 10-1. DIAGNOSTIC TESTS 
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10.2 DELAY LINE DIAGNOSTIC REGISTER 

Port Address A072H - Read and Write 

114 113 112 08 

07 06 05 I 04 I 03 I 02 I 01 I 00 

LAT DL DELAY 

Signal Default 
Name RSTIN 
Bits 15-08 . . . . . . . . . . . . . . . None 
LAT .................. 0 
DL ................... 0 
DELAY ................ None 

Bit 07 - LAT, Latch Output Strength 

The delay line count value (bits 05-00) is 
used to control the output buffer strength. 
The output buffer strength is normally ad
justed every time the delay count changes. 
LAT may be used to lock the buffer strength 
at its present value. 

LAT = 0-
The output buffer strength is adjusted 
when the delay count changes. 

LAT = 1 -
The output buffer strength is locked at 
its present value. 

Bit 06 - DL, Delay Freeze 

The internal self tuning delay line normally is 
updated by one delay element during every 
refresh cycle. For test purposes, the delay 
may be forced to stop generating calibration 
cycles. When delay line updates are frozen, 
the tester may write different delay line 
counter values in bits 05-00. 

DL = 0-
Normal delay line operation (Default 
value) 

DL = 1 -
Freeze delay line 

DIAGNOSTIC MODE 

Bits 05-00 - DELAY, Delay Counter Value 

The delay line counter value is used to con
trol the output buffer strength. 

This register may be written to when DL is set 
to one. 

10.3 TEST ENABLE REGISTER 

Port Address A872H - Bits 15-10 Read only 
Bits 09-00 Read and Write 

The test function bits 07-03 are for factory use only. 

15 114 1 13 1 12 11 10 09 08 

SVER BF40 BC40 IR09 TDL 
EN 

07 06 05 04 03 02 01 00 

OLD BFC BIST BFC BIST EN DISFA EN 
IHLD 3 3 40 40 PLD LVe 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . . .. 0-0 

Bits 15-12 - SVER, Secondary Version Number. 

See VER at Port Address 9872H. 

PORT ADDRESS PORT ADDRESS 
D472H DEVICE - A872H SECONDARY 

Bits 14, 13 VERSION - Bits 15-12 
14 13 Device 15 14 13 12 Rev 

0 0 WD76C10 0 0 0 0 A 
0 1 WD7710/7910 0 0 0 1 B 
1 0 Reserved 0 0 1 0 C 

1 1 Reserved - - - - -

1 1 1 1 P 

Bit 11 - BF40, EMS Register Self Test Status 

Bit 10 - BC40, EMS Register Self Test Status 
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Bit 09 - IRQ9EN = 0, Masks IRR9 and ISR9 so 
that the System Activity Monitor does not detect 
these signals. This prevents vertical retrace from 
being a source of activity for SAM. 

IRQ9EN = 0, 
Masking of IRR9 and ISR9 enabled 

IRQ9EN = 1, 
Masking disabled 

Bit 08 - TDL, Test Delay Line. 

Bit 07 - OLD_IHLD, 

OLD_IHLD = 0 -
SX test not enabled 

OLD_IHLD = 1 -
SX test enabled 

Bit 06 - BFC3, 

BFC3 = 0-
DMA register file test 

BFC3 = 1 -
DMA register file test 

Bit 05 - BIST3, 

BIST3 = 0-
DMA register file test 

BIST3 = 1 -
DMA register file test 

Bit 04 - BFC40, 

BFC40 = 0 -EMS mapping RAM 

BFC40 = 1 -EMS mapping RAM 

Bit 03 - BIST40, 

BIST40 = O-
EMS mapping RAM 

BIST40 = 1 -
EMS mapping RAM 

Bit 02 - EN_PLD, Enable Pulldown 

EN_PLD = 0-
Pulldown resistors are not enabled. 

EN_PLD = 1 -
40K to 100K internal pulldown resistors 
will be enabled during processor power 
down or full power down on processor 
address lines A23 through AOO, and on 
processor data lines D15 through DOO. 

WD7710/WD7710LP 

Bit 01 - DISFA, Disable First Access 

DISFA= 0-
First access Page Mode cycles are not 
disabled. 

DISFA= 1 -
First access Page Mode cycles are dis
abled. Page Miss cycles occur instead. 

Bit 00 - EN_LVL, Enable Level 

The Interrupt Controller may be programmed 
to support Level Sensitive Mode for diagnos
tic adapters which may need to test this 
capability. 

EN_LVL = 0-
Level Sensitive Interrupt Mode in the 
8259 Interrupt Controller is not sup
ported. L_ T (bit 3) at Port 020H has no 
effect. 

EN_LVL = 1 -
Level Sensitive Interrupt Mode in the 
8259 Interrupt Controller is supported. 
L_ T (BIT 3) at Port 020H now controls 
the selection of edge-sensed or level
sensed interrupts. 

10.4 TEST STATUS REGISTER 

Port Address DC72H - Read only 

For factory use only. 

15 114 113 12 111 110 1 09 1 08 

Delay Line Status 
CAL MED SLOW DLT6 DLT5 DLT4 DLT3 

07 1 06 05 1 04 1 03 J 02 1 01 

DLT1 DLTO 

Signal 
Name 
All signals 

BF34 BF33 BF32 BF31 BF30 

Default 
RSTIN 

.... None 

DLT2 

00 

BC 
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Bit 15 - CAL, Calibration 

CAL = 0-
Internal delay line has not completed 
initial calibration. 

CAL = 1 -
Internal delay line has completed initial 
calibration. 

Bits 14, 13 - MED, SLOW, Medium and Slow 

These bits provide information regarding the 
output buffer strength. 

MEDIUM SLOW 

0 0 Output buffers are set 
to low strength (fast 
WD771 0/771 OlP). 

0 1 Invalid 

1 0 Output buffers are set 
to medium strength 
(medium speed 
WD771 0/771 OlP). 

1 1 Output buffers are set 
to full strength (slow 
WD771 0/771 OlP). 

DIAGNOSTIC MODE 

Bits 12-06 - DLT6-DLTO, 

These bits provide information about internal 
nodes and are for test purposes only. Their 
state is dependent upon the test mode 
selected and the speed of the 
WD771 0/771 OlP. 

Bits 05-01 - BF34-BF30, 

These bits provide information about internal 
nodes and are for test purposes only. Their 
state is dependent upon the test mode 
selected and the speed of the 
WD771 0/771 OlP. 

Bit 00 - BC 

This bit provides information about internal 
nodes and are for test purposes only. Its 
state is dependent upon the test mode 
selected and the speed of the 
WD771 0/771 OlP. 
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11.0 DC ELECTRICAL SPECIFICATIONS 
11.1 MAXIMUM RATINGS 

Vcc - Vss ::; 7.0 Volts Supply Voltage (Vcc) with respect to Vss (ground) 

Voltage on any pin with respect to Vss (ground) 

Operating Temperature 

Storage Temperature 

Power Dissipation 

Vss -0.3 Volts to Vdd +0.3 Volts 

OOC (32°F) to 70°C (15SoF) 

-40°C (-40°F) to 125°C (257°F) 

600mW 

NOTE 
Maximum limits indicate where permanent device damage 
occurs. Continuous operation at these limits is not intended 
and should be limited to those conditions specified in the DC 
Operating Characteristics. 

11.2 DC OPERATING CHARACTERISTICS 

TA = OOC (32°F) to 700e (15SoF) 
Vcc = +5V ±.25V (5%) for WD791 0 and WD791 OlP 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

ilL Input Leakage ±10 IlA Vin = .4 to Vcc 

10Z Tristate And Open Drain ±10 IlA Vout = .4 to Vcc 
Output Leakage 

VIH Input High Voltage 2.0 V 

VIL Input Low Voltage .8 V 

VIHC CPUCLK Input High 3.6 V 

VIL CPUCLK Input Low .6 V 

ICC Supply Current 200 mA Inputs at 2.0V 
150 mA Inputs at 5.0V 

Outputs Open, 
CPUCLK = 32 MHz 

ICCSS Typical Supply Current, .5 mA Typical, 
Power Down Mode For CPUCLK Off, 
WD7910LP CLK14 = 32 KHz 

TABLE 11-1. DC OPERATING CHARACTERISTICS 
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FOR PINS WITH INTERNAL PULLUPS: 
MASTER, lOCK, IOCS16, MEMCS16, =ZE=R=O"""W=S, IOCHROY, ROYIN, POREF 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

ilL Input Pullup Current -30 -110 ~A Not suspend and resume mode 

TABLE 11-1. DC OPERATING CHARACTERISTICS cont. 

M/IO,PEACK,NPERR,NPSUSy,so,ST,NPRS~CPURES,OPH,OPL 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

ilL Input Pull up Current -30 -110 ~A Not processor down or 
suspend mode 

TABLE 11-1. DC OPERATING CHARACTERISTICS cont. 

PMCIN, IOCHROY, ZEROWS, IOCS16, MEMCS16, MASTER, POREF, REFRESH, SHE, lOR, lOW, MEMR, 
MEMW 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

ilL Input Pull up Current -30 -110 ~A Not suspend mode 

TABLE 11-1. DC OPERATING CHARACTERISTICS cont. 

CASL3, CASL2, CASH3, sOTiA" 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

--
ilL Input Pull up Current -30 -110 ~A RESET IN = 0 

TABLE 11-1. DC OPERATING CHARACTERISTICS cont. 

FOR PINS WITH INTERNAL PULLDOWNS: 
A23-AO,015-00 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

ilL Input Pulldown Current -30 -110 ~A Processor power down or 
suspend mode 

TABLE 11-1. DC OPERATING CHARACTERISTICS cont. 
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FOR OUTPUTS: 
DACK2-0, DACKEN.....Q15-DO, READY, CPURES, HOLD, INTRa, A23-AQ.. NMIL-DPH, DPL, RA10-RAllo 
RA7/ED7-RAO/EDO, BHE, RAS3-RASO, CASL3-CSLO, CASH3-CASHO, W/R, DT/R, DEN1, DENO, SDT/R, 
SDEN, CSEN, LOMEG 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

VOH Output High Voltage Vee -.8 V lOUT = -100 f1A 

VOH Output High Voltage 2.4 V lOUT = -2 rnA 

VOL Output Low Voltage .4 V lOUT = 2 rnA 

TABLE 11-1. DC OPERATING CHARACTERISTICS cant. 

FOR OUTPUTS: 
MXCTL2-0 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

VOH Output High Voltage Vee - .8 V lOUT = -200 f1A 

VOH Output High Voltage 2.4 V lOUT = -4 rnA 

VOL Output Low Voltage .4 V IOUT=4 rnA 

TABLE 11-1. DC OPERATING CHARACTERISTICS cant. 

FOR OUTPUTS: 
lOR, lOW, MEMR, MEMW, AEN, SYSCLK, BALE, LA20, SAO 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

VOH Output High Voltage 2.4 V lOUT =-3 rnA 

VOL Output Low Voltage .5 V lOUT = 24 rnA 

TABLE 11-1. DC OPERATING CHARACTERISTICS cant. 

FOR OUTPUT: 
REFRESH 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

VOL Output Low Voltage .5 V lOUT = 24 rnA 

TABLE 11-1. DC OPERATING CHARACTERISTICS cant. 
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12.0 AC OPERATING CHARACTERISTICS 
The AC Operating Characteristics are divided into 
three major categories: Memory liming Section 
12.1, AT Bus Timing Section 12.2, Processor 
Timing Section 12.3, and Cache Controller Timing 
(Section 12.4). 

Table 12-1 lists the timing tables and figures, and 
their section location. 

TABLE FIGURE TITLE SECTION 
NUMBER NUMBER 

12-3 80286 - Page Mode Memory Timing 12.1.1 
12-1 80286 - Page Mode First Access ReadlWrite 12.1.1 
t 
12-6 80286 - Page Mode Read Hit Followed By Write Hit 12.1.1 

12-4 80286 - Non-Page Mode 00 Memory Timing 12.1.2 
12-7 80286 - Non-Page Mode 00 1 Wait State Write 12.1.2 
12-8 80286 - Non-Page Mode 00 1 Wait State Read 12.1.2 
12-9 80286 - Non-Page Mode 00 2 Wait States Read After Write 12.1.2 

12-5 80286 - Non-Page Mode 01 Memory Timing 12.1.3 
12-10 80286 - Non-Page Mode 01 0 Wait State Write 12.1.3 
12-11 80286 - Non-Page Mode 01 0 Wait State Read 12.1.3 

12-6 80386SX - Page Mode Memory Timing 12.1.4 
12-12 80386SX - Page Mode, First Access ReadlWrite 12.1.4 
t 
12-17 80386SX - Page Mode, Write Miss Following A Write 12.1.4 

12-7 80386SX - Non-Page Mode 00 And Mode 01 12.1.5 
12-18 80386SX - Non-Page Mode 00 1 Wait State Read 12.1.5 
t 
12-21 80386SX - Non-Page Mode 00 1 Wait State Read 12.1.5 

12-8 CPU Initiated AT Bus Cycles 12.2.1 
12-22 AT Bus I/O Or Memory Read: 8-Bit, Default Timing 12.2.1 
t 
12-31 AT Bus I/O Or Memory Write: 16-Bit, Default Timing 12.2.1 

12-9 Entering The AT Bus 12.2.2 
12-32 80286 CPU - Asysnchronous CPUCLK To SYSCLK, 12.2.2 

BREQ Delay = 1/2 Clock 
t 
12-37 80386SX CPU - Synchronous CPUCLK To SYSCLK 12.2.2 

12-10 Exiting The AT Bus 12.2.3 
12-38 Synchronous AT Bus Cycle Completion, 12.2.3 

AT Bus Clock = 1/2 CPUCLK 
t 
12-41 Asynchronous AT Bus Cycle Completion, 12.2.3 

BAK_DEL = 0 Or +0.5 AT Bus Cycles 
12-11 DMA Entering And Exiting The AT Bus 12.2.4 

12-42 Basic DMA Cycle, Default Timing 12.2.4 
12-43 DMA Cycle, 8-Bit I/O To On-board Memory 12.2.4 
12-44 DMA Cycle, On-board Memory To 8-Bit I/O 12.2.4 

12-12 AT Bus Master Cycle 12.2.5 
12-45 AT Bus Master, Bus Acquisition/Release 12.2.5 
12-46 AT Bus Master, Write To On-board Memory 12.2.5 
12-47 AT Bus Master, Read From On-board Memory 12.2.5 

12-13 AT Bus Refresh Cycle, Default Timing 12.2.5 
12-48 AT Bus Refresh Cycle, Default Timing 12.2.5 

TABLE 12-1. TIMING FIGURE/TABLE NUMBERS 
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TABLE FIGURE TITLE SECTION 
NUMBER NUMBER 

12-14 80286 CPU TIMING 12.3 
12-49 80286 - CPU RES AND NPRST DURING POWER UP 12.3 
t 
12-54 80286 - MISCELLANEOUS TIMING 12.3 

12-15 80386SX CPU TIMING 12.3 
12-55 80386SX - CPU RES AND NPRST DURING POWER UP 12.3 
t 
12-62 80386SX - OUTPUT DELAY TIMING 12.3 

TABLE 12-1. TIMING FIGUREITABLE NUMBERS cont. 

SIGNAL LOAD SIGNAL LOAD SIGNAL LOAD 

-
CPU RES 50 pF NPRST 50 pF 50 pF BHE 
WiA. 50 pF ALE 50 pF DEN1, DENO 50 pF 
SDEN 50 pF DTiA. 50 pF SOT/A. 50pF 
MXCTL2 - 0 50 pF DACKEN 50 pF CSEN 50 pF 
LOMEG 50 pF SPKR 50 pF READY 50 pF 
HOLD 50 pF INTRQ 50 pF NMI 50 pF 
BUSYCPU 50 pF EPEREQ 50 pF A23 - AO 60 pF 
CPUCLK 70 pF SYSCLK 75 pF CASH3-0 75 pF 
CASL3 - 0 75 pF 015 - DO 100 pF DPH 100 pF 
DPL 100 pF RAS3 - RASO 150 pF lOW 200 pF 
lOR 200 pF MEMW 200 pF MEMR 200 pF 
LA20 200 pF SAO 200 pF AEN 200 pF 
BALE 200 pF REFRESH 200 pF RA10 - RAO 350 pF 

TABLE 12-2. SIGNAL LOADING 
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12.1 MEMORY TIMING 

Sections 12.1.1 through 12.1.5 present the 
memory timing for Page Mode and Non-Page 
Mode, for the 80286 and 80386SX processors. 

Categories are grouped as follows: 

80286 
Page Mode 
Non-Page Mode 00 
Non-Page Mode 01 

80386SX 
Page Mode 
Non-Page Mode 00 and 01 

12.1.1 80286 Page Mode Timing 

SYMBOL CHARACTERISTIC 

AC OPERATING CHARACTERISTICS 

Mnemonics used in the timing diagrams and 
tables are defined as: 

TC Command Cycle 
TW Wait State Cycle 
TS Status Cycle _ 
WNRDRAM - Write Not Read DRAM (W/R 

pin 119). 

MAX MAX 
12.5 MHz 20 MHz 

T220 Processor address to RAM address valid, Page Hit 32 30 
T221 CPUCLK fall to CAS fall, 2.5 CLK CAS 36 34 
T222 CPUCLK rise to CAS rise 29 27 
T223 CPUCLK rise to CAS fall, 2.0 CLK CAS 30 26 
T224 Processor data to parity valid 25 22 
T225 CPUCLK fall to RAM address valid, Page Miss 39 36 
T226 CPUCLK fall to WNRDRAM rise 34 31 
T227 CPUCLK rise to RAS fall, first access 28 26 
T228 CPUCLK fall to column address valid 44 41 
T229 CPUCLK fall to WNRDRAM fall 34 31 

-
T232 CPUCLK fall to RAS rise, Page Miss 29 27 
T233 CPUCLK rise to RAS fall, Page Miss 28 26 
T234 CPUCLK rise to READY rise 24 22 
T235 CPUCLK rise to READY fall 24 22 

TABLE 12-3. 80286 - PAGE MODE MEMORY TIMING 
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A2~-AO, 
MilO -:x V AL~I D ~ : X'------':--'--: -----':_--'------'--'--__ _ 

RA10-RA8, 
RAD7-RADO 

T22S -J ~ I T22s-J ~ I I I I 

j: DR~M ROW ¥---+-?_RA----+-M: C----+-?----+-L : _ 

ITk27~L I I III 
~m I I 'I I I I I I 

I I ~. __ ~I __ ~I __ ~I~I ~I ________ ~ 

CASLm 
CASHm 

WNRDRAM 

I I Tk2~ I I I L T222 
II 1 f-II'I-
I I I I I I I 

I 

T226 --I !.- I T229---l I-

------'I i :: L--I __ 

I I I 
READY I~I --------~II I 
(WRITE CYCLE) __ -----'. '--__ --'-I 

I 
READY J 
(READ CYCLE) 

FIGURE 12-1. 80286 - PAGE MODE FIRST ACCESS READIWRITE 
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A23-AO, : X I: VALID MilO 

RA10-RA8, 
I T220~1 L I I I I 

< 'INVALID X I COL I I RAD7-RADO 
I I I I LI I 

LT222 I I T2
1
23-1 -I 

CASLm ' I 
CASHm I I I 1 I 

I I I I 
READY, 

~ II II I 
WRITE HIT 

I I I 

READY, i : I :1 READ HIT 

FIGURE 12-2. 80286 - PAGE MODE READ CYCLE AND PAGE HIT 

WRITE READ 

CPUCLK (2X) 

A2~AO, 

: 
X: ~ALlD; (R~) X MilO 

T228_ W-
RA10-RA8, 

: ~O~ (WR)~ : COL (RD): RAD7-RADO 

T~ 23------.1 ~ ~ I.- T222 
CASLm 

I I I I I CASHm 
I T22W ~ 

WNRDRAM I II 
T23~ ~ I 

~ T235 ~ T234 ---+J ---+J 

READY I 
FIGURE 12-3. 80286 - PAGE MODE READ AFTER WRITE 
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CPUCLK (2X) 

A2'J-AO, \) 
MilO ---.1\ 

RA1O-RAB, 
RAD7-RADO 

RAS"m 

QASLrn 
CASHm 

WNRDRAM 

READY 
(WRITE CYCLE) 

READY 
(READ CYCLE) 

VAtID: X'-----+--: INVA-+-Ll~ ------1:1--+-: -1---1-: : _ 

T2,25 4 Y [T228 4 ~ [ 1 1 

1 ~ 1 DRAfY1 ROW Xr----'----'--:::I C-=OL--'-[--'I--

T232~ ~ :T23~ ~ ::: 

------'I 1 1'------_-------+---1-1 --J-I -l-I _ 
1 T22:W ~ U ~ T222 

: 1 : r 
T226---.:, ~ T229 _I I-

----------'1f---------iIL---_ 

J 

J 

FIGURE 12-4. 80286 - PAGE MODE, PAGE MISS READIWRITE 
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A2a-AO, J( V!LlD : X INVtLlD : : MilO 

T225 --I ~ :T228 --I ~ I I 
RA10-RAB, 

~ DRAM ROW X I .COL I I RAD7-RADO 
I 
~ 

I I I 
T232--1 ~ T233 --I I I I 

FlAS"m 
I I I I I 

I I I 
~T222 T223~ ~ r 

CASLm 
I r CASHm I 

T229 --I ~ 
WNRDRAM I 
READY 

FIGURE 12-5. 80286 - PAGE MODE, WRITE MISS AFTER WRITE 
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CPUCLK 

.+-. -- READ --_ •• -- WRITE -->". 

I I I 

I I I \~I I 
~7roAO, ----:x VA~I~ I l0LA VA~ID 

T220 ~ U I I I ~---'--------
k= 

~~b~--~1~0 -:J: D~AM :COL: X,--+-: __ -+ __ _ COL 

CASLm 
CASHm 

D15-DO 

T221 --I W- T~22 ---.j L T221-.1 1-

I I: :1 I---r------j 

I I I~-----
I 1 ......... ~ PROCESSOR DATA 

1 1 T224~ L 

I 
1 
1 
1 
1 

--I 

DPH,DPL 1 1 . (fxl-I -P-A-R-IT-Y-TO-D-RAM 

1 --.J h235 
T234---o1 r- 1 

READY _----'nL--------'nL--_ 
FIGURE 12-6. 80286 - PAGE MODE READ HIT AND WRITE HIT 
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12.1.2 80286 Non-Page Mode 00 Timing 

SYMBOL CHARACTERISTIC MAX MAX 
12.5 MHz 20 MHz 

T234 See Table 13-3 
T235 See Table 13-3 

-
T252 CPUCLK fall to CAS rise 33 30 

-
T255 CPUCLK fall to RAS fall 35 32 

T270 CPUCLK fall to ROW address 46 42 
T271 CPUCLK fall to CAS fall 37 34 

T273 CPUCLK fall to WNRDRAM fall 33 31 
T274 CPUCLK fall to WNRDRAM rise 33 31 

T275 Data holding tristate. <D 12 12 
T276 Clock fall to parity valid 30 27 
T277 CPUCLK fall to RAS rise 30 28 
T278 CPUCLK fall to COLUMN address valid 41 38 
T279 Processor address to ROW address 32 30 

<D Tristate times are not tested. Timing specifications are derived from simulation. 

TABLE 12-4. 80286 - NON-PAGE MODE 00 MEMORY TIMING 
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CPUCLK 

A23-AO, 
MilO 

READY 

ALE 

D15-DO 

~/ I I I I 
~ __ V----;A._LI Q-,----,----1X IfVfLlP 

II II II I II I I II 
I I I I I I 

T234,-1 ~ I ~ Ll T235 

I II I :' II 
I I I I '+-1 ---

~--~rl~:~:~I~--
< iii : i 

T276i S- I I 
DPH, DPL .. j ...... tx~ VALID ~ 

T270~ L T~78~ L I J LT~70 
----\ ) I' I I Uf----tl--

RA 1 0-RA8, ~ DRAM ROW X COL '/\ ROW 

RAD7-RADO T274 j L i T~73 ~ L 

II I I IL 
----'---'I . I I 1 

T255 --J L T277 -->J L I 
I : If---t-: ----

WNRDRAM 

T271-.1 L ---l L T252 

I 

FIGURE 12-7. 80286 - NON-PAGE MODE 00,1 WAIT STATE WRITE 
(4072H = 0001) 
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7-114 

CPUClK 

A23-AO, 
MilO 

READY 

ALE 

015-00 

OPH,OPl 

RA10-RA8, 
RA07-RAOO 

WNRORAM 

CAS 

, 
T C T W . 

Jl 
X 'vALID' Y INVAL'lO 1 1 

-r--+-I -t--I -+-1 ----f( \ 1 1 1 1 
1 1 I 1 1 1 1 1 
1 I· 1 1 1 1 1 

T234 H 4- IT235 H 4- 1 

1----+-: ----,I: : : 1 : : 

~----~~~~:~~:--4:--~: 
1 1 1 1 1 1 ~ LT275 

:H:H:HH~ of AM : ~ ~OTE 1 

: IHH:~ orM i ~ 
T279 --, L T278 ~ L I -----I L T270 

~ ROW X ;COl X' ROW 
~--+I---' I 

1 1 1 1 
1 1 1 1 

T255 -->j L T277 --, L 1 
1 i II---'j'-----

T271 ---.J L ---.J L T252 

"------I -II 
NOTE 1: Data held by W0771 OIW0771 OlP 

AGURE 12·8. 80286· NON·PAGE MODE 00, 1 WAIT STATE READ 
(4072H = 0001) 
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CPUClK 

A23-AO, 
MilO 

READY 

ALE 

D15-DO 

DPH,DPl 

RA10-RA8, 
RAD7-RADO 

WNRDRAM 

RAS 

CAS 

T S T W 

~ INVALID X 'vALID X INVALID I 
I I I I I I I I 

------,-1 -j I I I I I I I 
I I I I I I I 
I I T234 ,4 4-- T235 4 4-

------,11 I I II i i II 
I I I I I I '-r-I--r-
I I n I I I 

-----rl--+I-- I I I I ~ L T275 

-----+1--'--1 ----II I I I I 
DRIVEN BY P~OCE9S0R > I ( DRAM I ~ .... 

. I NOTE 1 

VALID : : j .... : ..... ~ D~AM ~ ... 
T279 -I L I T278 -J L I ---J L 1-270 

<~-CO----'l xzt : ROf X : CO< X : ROW 

T273~ L I I I I 
-----11: ::: 

T255 --->j L T277 --->j L I 

I I 1--1 '---I -

T271 ~ L ~ LT252 

~--~-------' ~ 

NOTE 1: Data held by WD771 01WD771 OlP 

FIGURE 12-9. 80286 - NON-PAGE MODE MODE 00, 2 WAIT STATES READ AFTER WRITE 
(4072H = 0001) 
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12.1.3 80286 Non·Page Mode 01 Timing 

SYMBOL CHARACTERISTIC MAX MAX 
12.5 MHz 20 MHz 

T224 See Table 12-3 

T234 See Table 12-3 
T235 See Table 12-3 

T252 See Table 12-4 
T253 CPUCLK fall to WNRDRAM fall 34 31 
T254 CPUCLK fall to WNRDRAM rise 34 31 
T255 See Table 12-4 

-
T257 CPUCLK rise to RAS rise 35 32 
T258 CPUCLK rise to COLUMN address valid 44 40 

T276 See Table 12-4 

TABLE 12·5. 80286· NON·PAGE MODE 01 MEMORY TIMING 
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CPUCLK 

A23-AO, 
MilO 

so 

READY 

ALE 

D15-DO 

T C 

=x VA~ID: X I~VALID 
I I I I II I 
I I I . I 
I T234~ I_I I I 
I I I I II I I I 
I I I I I 
I I I ~ I+-T235 

I I I [I I I 
I T224 ---.j I r---- I I I 
I I I I I 
10< I: I I I 
I I I I I I 

) 
I T276 I I r---- I I I 

DPH, DPL I ex I VALID I 
IL I II I IlL 

T250 ~) T258 ,~ '~I I-' T250 

RA 1 0-RA8, ----'" ROW I X 90L I X ROW 
RAD7 -RADO I I I I 

T254 -I L T253 -I I-
I I I. I 

__ ---;-I----.J I I 1"----_ WNRDRAM 

T255 ~ I- I ~ LL T257 
: I H-j : ____ _ 

RAS 

CAS 

T251 ~ L--J 
I I[ I 

r---- T252 

FIGURE 12-10. 80286 - NON-PAGE MODE 01, 0 WAIT STATE WRITE 
(4072H = 3560H) 
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CPUCLK 

A23-AO, 
MIlO 

READY 

ALE 

D15-00 

DPH,DPL 

T C 

=!<,-__ V_ALI-i ID-+-: _--+------'X 17VALID 

I I I I II I 
I I I . I 
I T234ULI I I 
I I I I II I I I 
I I I I I 
I I I ~ ,T235 

I I II I II I I 
I I I 

..... : ............ ~::< : : > 
....... : ..... :::<:: > 

I I I I I I 
IL I_ILl IlL 

T250 ---'\ J ROWT258 I I )-1 _+-1 _--+1--,,\ ) T250 
RA 1 0-RA8, ---.A I X COL I A ROW 
RAD7-RADO I I I I 

WNRDRAM 

7-118 

I I I I 
I I I I 

T255 ~ L I ~ ~T257 
II : I : 

T251 r- T252 

I 
FIGURE 12-11. 80286 - NON-PAGE MODE 01, 0 WAIT STATE READ 

(4072H = 3560H) 
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12.1.4 80386SX Page Mode Timing 

SYMBOL CHARACTERISTIC MAX MAX MAX 
12.5 MHz 20 MHz 25 MHz 

T200 Processor ADDRESS to RAM address valid, Page Hit 34 27 
T201 CPUCLK rise to CAS fall, 2.5 CLK CAS 31 25 
T202 CPUCLK fall to CAS rise 24 21 -
T203 CPUCLK fall to CAS fall, 2.0 CLK CAS 27 22 
T204 Processor data to parity valid 25 20 
T205 CPUCLK rise to RAM address valid, Page Miss 48 43 
T206 CPUCLK rise to WNRDRAM rise 31 28 
T207 CPUCLK fall to RAS fall, first access 27 21 
T208 CPUCLK rise to COLUMN address valid 49 33 
T209 CPUCLK rise to WNRDRAM fall 31 28 

-
T212 CPUCLK rise to RAS rise, Page Miss 27 24 
T213 CPUCLK fall to RAS fall. Page Miss 27 24 
T214 CPUCLK rise to READY fall 19 18 
T215 CPUCLK rise to READY rise 19 18 

TABLE 12-6. 80386SX - PAGE MODE MEMORY TIMING 
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WD771 O/WD771 OLP 

CPUCLK (2X) 

A2l-AO, I I I 

MilO ---:x VAL,ID X IINVALIDI 

T205~ L I T208 ___ 1 L I 

RA10-RA8, ~ DR~M ROW~ X : RAD7-RADO 

I T207~ L I 
I I 

I 

I 
RASm 

I I 

I I I 

CASLm 
I IT203 ~ 

CASHm I 
T206 -J 

WNRDRAM 

READY ~ 
(WRITE CYCLE) 

READY J 
(READ CYCLE) 

I 

L I 

I 

I 

I 

I 

I 

AC OPERATING CHARACTERISTICS 

I I 

I I 

I I 

: COL: : 
I I 

I I 

I I 

I I I 
LT202 r- r 
I I I 

T2b9~ ~ 
I 

I 

FIGURE 12-12. 80386SX - PAGE MODE, FIRST ACCESS READIWRITE 
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CPUCLK (2X) 

A23-AO, 
MilO 

RA1O-RAB, 
RAD7-RADO 

RASm 

CASLm 
CASHm 

WNRDRAM 

READY 

--:x VA~ID : X: : INVALID: :: :: 
T205 -.I W I T208 -.I L : Y: DRAr ROW : X,.-------t-: -t---: COL--+----+--: :--

T212 --I L T213 --I L I I 

--~~I ~:--~~I ~: __ ~:~I~I __ 

I I T203 -.j r- -H L T202 

-~I~---'-I ---'1 I r 
T206 -J L II T209 ~ I--

1 i : ,---[ __ 
I I 

(WRITE CYCLE) J 

J 

I I 

READY 
(READ CYCLE) 

FIGURE 12-13. 80386SX - PAGE MODE, PAGE MISS READIWRITE 
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CPUCLK (2X) 

A23-AO, : X : VALID INV~LlD MilO 

T220 ~ L I 

RA10-RA8, ~ INVALID 'X CO~ : 
1 

RAD7-RADO < I 
I I T2k3 --I 1-1 --I I- T222 

CASLm I I 1 I 
'I I I 

CASHm I I I I 
READY, il : I II I 
WRITE HIT I 

I I I 
READY, Il II II READ HIT 

FIGURE 12-14. 80386SX - PAGE MODE, RAD CYCLE FOLLOWED BY A PAGE HIT 

WRITE READ 

CPUClK (2X) 

A2~-AO, 

: 
X: ~ALI~ (~D) X MilO 

RA10-RA8, 
: 

T228i W-
Cal (RD): qo~ (WRi>< i RAD7-RADO 

T22:W L I 1 - k- T222 1 
CASlm I 

I 
I I 

I 
I 

CASHm I I 1 1 
I T229.-.i ~ I 

WNRDRAM I II 1 

T234--J ~ -J k- T235 -J k- T234 
I 

READY I 
FIGURE 12-15. 80386SX - PAGE MODE, READ AFTER WRITE 
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CPUCLK 

A23-AO, 
MilO 

RA10-RAS, 
RAD7-RADO 

CASLm 
CASHm 

015-00 

DPH,DPL 

1+-1' -- READ --_'1<1'--- WRITE 

T200=j diD * VALID 2 X 
~-~I ~-r--

COL 

T201 ----+J I-- I-- T202 

I 
T~04j PR:ESSOR DATA 

1,---,-------...... ~ / X PARITY TO DRAM 

T214 ->I L ----+j ~ T215 

I I I 
FIGURE 12-16. 80386SX - PAGE MODE, READ HIT FOLLOWED BY A WRITE HIT 

CPUCLK (2X) 

A23-AO, 
: INVALID: M/iO 

T20S .-.. I--
RA1O-RAe, 

DRAr ROW : X COL: RAD7-RADO 

T212 ----I I T213 ----I I-- I 
RASm 

I I I I 
I I T203 ~ r-- u I-- T202 

CASLm 
I I I I I I I CASHm 

T206 -.-J L I T209 =:I r--
WNRDRAM I I 

I 
I I 

READY J I 

FIGURE 12-17. 80386SX - PAGE MODE, WRITE MISS CYCLE FOLLOWING A WRITE CYCLE 
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12.1.5 80386SX Non-Page Mode 00 and Mode 
01 Timing 

SYMBOL CHARACTERISTIC 

T204 See Table 12-6 

T214 See Table 12-6 
T215 See Table 12-6 

T240 CPUCLK rise to ROW address valid 
T241 CPUCLK fall to CAS fall 
T242 CPUCLK rise to CAS rise 
T243 CPUCLK rise to WNRDRAM fall 
T244 CPUCLK rise to WNRDRAM rise 
T245 CPUCLK rise to RAS fall 
T246 CPUCLK rise to RAS rise 
T247 CPUCLK fall to RAS rise 
T248 CPUCLK fall to COLUMN address valid 
T249 CPUCLK rise to CAS fall 

T260 CPUCLK rise to COLUMN address 

MAX MAX 
12.5 MHz 20 MHz 

42 
27 
28 
28 
28 
25 
25 
29 
44 
29 

43 

TABLE 12-7. 80386SX - NON-PAGE MODE 00 & 01 MEMORY TIMING 
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MAX 
25 MHz 

42 
27 
24 
28 
28 
23 
23 
29 
44 
29 

41 



AC OPERATING CHARACTERISTICS WD771 O/WD771 OLP 

CPUClK 

ClK 

~ A23-AO, 
M/iO 

ADS# 
I : 

1 1 I 1 I 1 1 
1 1 1 1 1 

T21~ 1-1 1 1 =1 I-T214 1 :i READY I I I I I I I I I 

-n I I I I n 1 1 
ALE 

1 1 1 1 I I 
I I I I I I I 

D15-DO ·CLX I 1 I 1 ~ > 1 
T204 -J IJ- I I I I 1 1 

DPH,DPl ··ex tALID ; 
: :~ 

VALID 
: > 

I 
1 I 

T~60~ 1-1 -l 1-:240 I 
RA10-RAS, ROW X C<;>l X 1 ROW X COL X IRO""i 
RAD7-RADO 

1 1 1 I 
WNRDRAM I 1 I 1 

RAS 

CAS 

1 I 1 I 1-
T245-, I- T2

1
46-, 1-1 

I 1 I 1 
T249-1 I- -I I-T242 

FIGURE 12-18. 80386SX - NON-PAGE MODE 00, 1 WAIT STATE READ (PIPELINE) 
(4072H = 0001) 
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CPUClK 

ClK 

~ A23-AO, 
M/iO 

I : 
I 

I I I ADS# 

I I I 
T215i ~I I =1 ~F14 I 

READY I I I I I I I I I 

-H I I I H I 
ALE I I I I 

I I I I I I I 
D15-DO .CL!, I I I >C1J< I ) 

T204~ iJ- I I I I I I 
DPH, DPl Q( VALID 

: :>CR VALID 
: ) I I I I 

T2,60 -i ~I -oj ~T240 I 
RA10-RAB, ROW I X COL X ROW I X COL X ROW 
RAD7-RADO 

T244 .I~ I T243 -II- I I 
WNRDRAM II I I I U IL 

I I I I I 
T245~ ~ T2

1
46 ---->i ~ I 

RAS I I I I 
T249 ---I ~ ---I ~ T242 

CAS 

FIGURE 12-19. 80386SX - NON-PAGE MODE 00,1 WAIT STATE WRITE (PIPELINE) 
(4072H = 0001) 
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AC OPERATING CHARACTERISTICS WD77101WD7710LP 

CPUClK 

ClK 

A23-AO, 
MilO 

ADS# 

READY 

ALE 

D15-DO 

DPH,DPl 

< 

I 

T 2P 

I 

! 
l / I I 

VALID ~ ~Al:ID 
I I I I I 

I 
III~ If----

I
---

I I I I I 
T2

1
15-, L I H Li- T21,4 I 
I I I I I II I I I 
I I I I I I I 

: n: : : n'-------
I I I I I I 

X INVALID 

1-( I I I X 
I I I I II~----

: j( : IVALIDI : X VALID 

T240 -.J L T248 W L I Y L T240 

=~6~--~~~0 ~ R01 X : Cal: X ROW X 
I I I I 

Cal )( 

WNRDRAM I I I: 

RAS 

CAS 

I I I I 
T245 ---1 L I ---1 ~ T247 

I I rI I I I '----------' 
T241->j L ~ L T242 

I I 
FIGURE 12-20. 80386SX - NON-PAGE MODE 01, 0 WAIT STATE READ (PIPELINE) 

(4072H = 3560H) 
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CPUClK 

ClK 

A23-AO, 
MilO 

ADS# 

READY 

ALE 

015-00 

< V~LlD:: X I V~LI:D 
I I I I I I 

I I I I I I I 

X INVALID 

T2~5 L I I L! T2114 I 
I I 1 I ~ 1:1 I 1,-------, 
I I. I II I I '----__ 
I I I I I I I 

: n: : : 11'----
·m :: : w--I~~~I II 

DPH,DPL idal i VA~ID i~,----_VA_l_ID ___ ---,) 
T240 --'j ~ T248~ ~ I P L T240 

=~6~-~~~o < ROW !< COL ~ ROW X 
T244 -: ~ : q L T243 

COL ';C 

WNRDRAM _~II I I I Ur--------. 
RAS 

CAS 

7-128 

IL I III T245 _ I -- I+- T247 

1 I I: 

T241~ L-J LT242 

1 1 

FIGURE 12-21. 80386SX - NON-PAGE MODE 01, 0 WAIT STATE READ (PIPELINE) 
(4072H = 3560H) 
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AC OPERATING CHARACTERISTICS 

12.2 AT BUS TIMING 

The AT Bus timing is divided into six major 
categories: 

1. CPU initiated AT Bus cycles. 
2. Entering the AT Bus. 
3. Exiting the AT Bus. 
4. DMA cycles. 

12.2.1 CPU Initiated AT Bus Cycles 

SYMBOL CHARACTERISTIC MIN 

TOO SYSCLK Cycle Time 100 

T01 SYSCLK fall to BALE rise 

T02 SYSCLK rise to BALE fall 

T03 SYSCLK fall to MEMR fall 

T04 SYSCLK rise to MEMR rise 

T05 SYSCLK fall to lOR fall 
-

T06 SYSCLK rise to lOR rise 

T07 SYSCLK rise to DENO fall 
--

T08 SYSCLK rise to DENO rise 

T09 SYSCLK rise to DEN1 fall 
--

T10 SYSCLK rise to DEN1 rise 

T11 SYSCLK fall to DTR fall 

T12 SYSCLK rise to DTR rise 

--
T13 SYSCLK fall to SDEN fall 

--
T14 SYSCLK rise to SDEN rise 

T15 SYSCLK fall to SDTR rise 

T16 SYSCLK rise to SDTR fall 

T17 MEMCS16 setup time to 25 
SYSCLKrise 

T18 MEMCS16 hold time from 0 
SYSCLK rise 
--

T19 IOCS16 setup time to 23 
SYSCLKfall 
--

T20 IOCS16 hold time from 0 
SYSCLKfall 

WD7710IWD7710LP 

5. AT Bus Master cycles. 
6. AT Bus refresh cycle 

Some figures in this section are included only to 
show the sequence of the signals during certain 
operations. In these figures, no timing parameters 
are provided. 

MAX UNITS TEST 
CONDITIONS 

ns 

12 ns 

9 ns 

9 ns 8-bit cycle 

6 ns 

10 ns 

7 ns 

7 ns Read Cycle 

11 ns Read Cycle 

7 ns Read Cycle 

9 ns Read Cycle 

19 ns Delay is number given plus 
(TOO x 0.25) 

14 ns Delay is number given plus 
(TOO x 0.25) 

10 ns 

8 ns 

14 ns Delay is number given plus 
(TOO x 0.25) 

11 ns Delay is number given plus 
(TOO x 0.25) 

ns 

ns 

ns 

ns 8-bit cycle 

TABLE 12-S. CPU INITIATED AT BUS CYCLES 
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SYMBOL CHARACTERISTIC MIN MAX UNITS TEST 
CONDITIONS 

T21 IOCHRDY selup time 10 22 ns 
SYSCLK rise 

T22 IOCHRDY hold lime from 0 ns 
SYSCLK rise 

T23 ZEROWS selup lime 10 24 ns 
SYSCLKfall 

T24 ZEROWS hold lime from 0 ns 
SYSCLKfall 

T25 AT Bus dala selup lime 10 22 ns Total setup time is number given 
SYSCLK rise plus delay through AT Bus data 

buffers. 

T26 AT Bus dala hold time from 0 ns 
SYSCLK rise 

--
T27 SYSCLK fall 10 MEMW fall 9 ns 

--
T28 SYSCLK rise 10 MEMW rise 5 ns 

T29 SYSCLK fall to lOW fall 10 ns 

T30 SYSCLK rise 10 lOW rise 8 ns 

T31 SYSCLK fall 10 DENO fall 10 ns Wrilecycle 
--

T32 SYSCLK fall 10 DENO rise 9 ns Write cycle 

T33 SYSCLK fall to DEN1 fall 10 ns Write cycle 
--

T34 SYSCLK fall 10 DEN1 rise 9 ns Wrile cycle 
--

T35 SYSCLK fall 10 SDEN rise 11 ns 

T36 SYSCLK fall 10 SAO rise 16 ns Word to byte conversion cycle 

T37 SYSCLK rise 10 MEMR fall 6 ns 16-bil cycle 
---

T38 IOCS16 hold lime from 0 ns 16-bil cycle 
SYSCLK rise 

T39 SYSCLK high time -4 0 ns (TOO + 2) plus number given 

TABLE 12-8. CPU INITIATED BUS CYCLES cont. 
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AC OPERATING CHARACTERISTICS WD771 O/WD7710LP 

AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

BALE 

MEMR, 

DENO, 

DTR 

SDEN 
NOTE 1 

SDTR 

MEMCS16 
NOTE 2 

IOCS16 
NOTE 3 

10CHRDY 

ZEROWS 

SDO - SD7 

Ts Tc Tw I Tw I Tw I Tw I Ti Ti 

SD8-SD15 ------------illllllllllllllllll~~~~~-----------
NOTE 4 

LA17-~2311------------~UD-------------W0C0C0C0C0C0C0I 
NOTE 5 

SAO - SA19 
NOTE 5 

NOTE 1: SDEN is asserted only when SAO is high. 

NOTE 2: MEMCS16 is sampled only during memory cycles. 

NOTE 3: IOCS16 is sampled only during I/O cycles. 

NOTE 4: SD8 -15 are driven by the data swapper only when SAO is high (SDEN asserted). 

NOTE 5: Timing for LA 17 - 23 and SAO - 19 is dependent on register settings and may be 

asynchronous. Minimum valid windows are shown for reference. 

FIGURE 12-22. AT BUS I/O OR MEMORY READ: a-BIT, DEFAULT TIMING 

ADVANCED INFORMATION 11/25/91 7-131 
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AT BUS 

CLOCK 
INTERNAL 

SYSCLK 

BALE 

MEMR, lOR 

OENO, OEN1 

OTR 

SOEN 
NOTE 1 

SOTR 

MEMCS16 
NOTE 2 

IOCS16 
NOTE 3 

10CHROY 
NOTE 6 

ZEROWS 

SOD -S07 

SOB - S015 
NOTE 4 

LA17 - LA23 
NOTE 5 

SAO - SA19 
NOTE 5 

Ts Tc Tw Tw 

I I ~I __ ~ ____ ~~ 

: ,---I -t-: ~--+--+--+-' 
II I 
I I· 
I I ~I ---+----+_~ 

I I 

I I 

------------1I ••••••••••••••• i.· .i·.· .. i •••••••••••••••••••••••••••••••••• 1 DATA FROM 
SWAPPER 

NOTE 1: SOEN is asserted only when SAO is high. 

NOTE 2: MEMCS16 is sampled only during memory cycles. 

NOTE 3: IOCS16 is sampled only during I/O cycles. 

Ti Ti 

NOTE 4: SOB - 15 are driven by the data swap per only when SAO is high (SOEN asserted). 

NOTE 5: Timing for LA 17 - 23 and SAO - 19 is dependent on register settings and may be 
asynchronous. Minimum valid windows are shown for reference. 

NOTE 6: IOCHROY overrides ZEROWS only during the first cycle of a word to byte conversion. 

FIGURE 12-23. AT BUS 1/0 OR MEMORY READ: B-BIT, ZEROWS ASSERTED 
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AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

BALE 

MEMR, lOR 

~ I Th I ~ I ~ I ~ I ~.I ~ I n 

I 
-OE-NO, -OE-N1----~~1 ~I ~ ____ ~ ____________ ~~~ ____ ~ 

OTR rl:-b--~--------~~---+~~ 
SO EN 
NOTE 1 

SOTR 

MEMCS16 
NOTE 2 

IOCS16 
NOTE 3 

lOCH ROY 

ZEROWS 

SOO-S07 

I 

_--'----'I : 

S08-S015 ------------111111111111111111 IIIIIII~~~~-----
NOTE 4 

LA17 - LA23 
NOTE 5 ='---------------------------------------'" 

~~~ ~ SA 19 1= ••••• = •• • ••• •· •• = •. •• ••• ·· •• "-1 ____________________ V_A_Ll_O ________________ .£III=ll.=l!=lt:j 

NOTE 1: Si5EN is asserted only when SAO is high. 

NOTE 2: MEMCS16 is sampled only during memory cycles. 

NOTE 3: IOCS16 is sampled only during I/O cycles. 
NOTE 4: S08 - 15 are driven by data swapper only when SAO is high {SOEN asserted}. 
NOTE 5: Timing for LA17 - 23 and SAO -19 is dependent on register settings and may be 

asynchronous. Minimum valid windows are shown for reference. 

FIGURE 12-24. AT BUS I/O OR MEMORY READ: 8-BIT, EXTRA WAIT STATE ADDED 
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AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

BALE 

Ts Tc Tw I Tw I Tw I Tw I Ti Ti 

~~~rn ~m~ 
MEMW, low---t-----t---hl 1 I f-I ---tl-'---------

~T31,T33 '-------,-------,--r-----" --I ~T32,T34 

OENO, OEN1----'-i1-1 --1'---+'---+------+--+--------'1 

OTR 

SOTR 

MEMCS16 
NOTE 1 

IOCS16 
NOTE 2 

IOCHROY 

ZEROWS 

SOD - S07 
NOTE 3 

HI--~_1-~--_1------~-r-----~--------

HI--~~-~--~------~-L-----__ -------

--------j""'ICLI ______ OA_T_A_FR_O_M_B_U_F_FE_R ____ ~----

SOB - S015 -------jl""' •••• •· ••• "'-I ______ O_R_I_V_E_N_B_V_B_U_F_F_E_R ____ ~----

LA17-LA23wnc=============~~~============~==========1I1I1II NOTE 4 1& 

SAO - SA19 
NOTE 4 

NOTE 1: MEMCS16 is sampled only during memory cycles, 

NOTE 2: IOCS16 is sampled only during I/O cycles, 

NOTE 3: The small period of unknown data on SDO - 7 when DENO is asserted is dependent on register 
settings and may be asynchronous, Minimum valid time is shown for reference, 

NOTE 4: Timing for LA 17 - 23 and SAO - 19 is dependent on register settings and may be asynchronous, 
Minimum valid windows are shown for reference, 

FIGURE 12-25. AT BUS I/O OR MEMORY WRITE: a-BIT, EVEN BYTE, DEFAULT TIMING 
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AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

BALE 

T5 Tc ~ I ~ I ~ I ~ I TI I TI I 
IUU1J1JL 

1 1 1 

1 1 1 

MEMW, low·---r�-,-----,�r-l'-� _-,--____ ---,-_-,---_----'1 '-1 -rl----

~I~_+I--_+-------+-+----_rll OEN1 
1 1 

OTR, -O-EN-O HI 1 1 • 

+1 r- T35 

SOEN --~~-hll rl ---

1'-. --~--------~_r------~ 

SOTR 1 LO ______ -. __ ,-____ -, __________ -, __ ,-________________ _ 

MEMCS16 
NOTE 1 

IOCS16 
NOTE 2 

lOCH ROY 

ZEROWS 

SOO - S07 OATA FROM SWAPPER 

~g~ ; S015 ------J""!al ______ O_A_T_A_F_R_O_M_B_U_F_F_E_R ___ ----'r------

SAO - SA19 1<1 VAllO Ii 
N~E4 ====--------------------------------------~==~~==~ 

NOTE 1: MEMCS16 is sampled only during memory cycles. 

NOTE 2: IOCS16 is sampled only during I/O cycles. 

NOTE 3: The small period of unknown data on SOB - 15 when OEN1 is asserted is dependent on register 
settings and may be asynchronous. Minimum valid time is shown for reference. 

NOTE 4: Timing for LA17 - 23 and SAO - 19 is dependent on register settings and may be asynchronous. 
Minimum valid windows are shown for reference. 

FIGURE 12-26. AT BUS I/O OR MEMORY WRITE: a-BIT, ODD BYTE, DEFAULT TIMING 
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AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

BALE I~I 1 1 1 
--f11~1--+---~-Ir-~I~r+--r----+~-rI-

MEMR, IOR---'--1 --'�--'--11�L---+-�------'--'-� -_+_JI r-I --~__+_------'---I--_+_JII 
DEN1 

DENO 

SDEN 

DTR 
NOTE 3 

SAO 
NOTE 4 

MEMCS16 
NOTE 1 

IOCS16 
NOTE 2 

IOCHRDY 

ZEROWS 

SDO - SD7 

: :1
1:.: I II I: II 

~ii~::~:--~:~:~:I~~~~:: 

I I ~~ __ ~~~II 
---11-. I I : I 

1 I I· ! 

.1 I :1 

~T~74- LA23 =I!!,--~ ___________ V_A_L_ID _________ -=I; = ••••••..•• =!= ••••••••.••.••••.•• 

~~~ 4 SA19 ""li""'·.···.·.·.!......1 ____________ V_AL_I_D __________ ---""'!i 

NOTE 1: MEMCS16 is sampled only during memory cycles. 

NOTE 2: IOCS16 is sampled only during 1/0 cycles. 

NOTE 3: SOTR is the inversion of OTR during CPU transfer cycles. 

NOTE 4: Timing for LA 17 - 23 and SAO - 19 is dependent on register settings and may be asynchronous. 
Minimum valid windows are shown for reference. 

FIGURE 12-27. AT BUS I/O OR MEMORY READ: 8-BIT, WORD TO BYTE CONVERSION, 
DEFAULT TIMING 
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AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

BALE 

MEMW, 

DEN1 

DENa 

SDEN 
NOTE 5 

SAO 
NOTE 4 

MEMCS16 
NOTE 1 

IOCS16 
NOTE 2 

IOCHRDY 

ZEROWS 

WD771 OIWD771 OLP 

~g~"3 SD7 ----1f1 DATA FROM BUFFERH DATA FROM SWAPPER r 
SD8-SD15~=]ij ________________ D_A_T_A_F_R_O_M_B_U_F_F_E_R ________ ~~ 

~~~14LA231~.~ ____________________ V_A_L_ID ________________ ~I,=I=,I=I~II 

~~1-4 SA 191=),,-1 ____________________ V_A_L_ID __________________ ---"""'I!!! 

NOTE 1: MEMCS16 is sampled only during memory cycles. 

NOTE 2: IOCS16 is sampled only during 1/0 cycles. 

NOTE 3: The small period of unknown data on SDO - 7 when DENO is asserted is dependent on register 
settings and may be synchronous. Minimum valid time is shown for reference. 

NOTE 4: Timing for LA 17 - 23 and SAO - 19 is dependent on register settings and may be asynchronous. 
Minimum valid windows are shown for reference. 

NOTE 5: SDTR remains low and DTR remains high for this cycle. 

FIGURE 12-28. AT BUS 1/0 OR MEMORY WRITE: 8-BIT, WORD TO BYTE CONVERSION, 
DEFAULT TIMING 
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WD7710/WD7710LP 

AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

r--- 1/0 READ CYCLE .~ 

I Ts I Tc I Tw I 

AC OPERATING CHARACTERISTICS 

Ti 
r- MEMORY READ CYCLE -1 
I Ts I Tc I Tw I Ti I 

nJlJ1JlfL 

BALE __ ~:In~~I-+ __ ~ ____ ~ 
: : :1 '-----T----___+_' 

lOR 

MEMR 

DENO, DEN1 

I I 
: I ,--I +------t-~ 

DTR 

SDEN HI 

----~I ~I~~~ ____ ~ 
I 

SDTR 

MEMCS16 

IOCS16 

IOCHRDY 

ZEROWS 

SDO - SD15 

~T~71- LA23! =!i=jl ___ V_A_Ll_D __ --"li=l~j(=;ll=)~!!;=!I=t!!,=il!l=;1:i!:=I'--__ V_A_Ll_D __ --"I[=1I1t=i;lIi=1;~!I""'IWI=111::=i!!"",lit:"",ili!f=;:! 

~:,.~ ~ SA19 ""'lil!=li=li'----___ V_A_Ll_D __ -------'I_II!I'""'III""'II=-III ____ VA_L_ID ___ --"I\;i""'i!~11"""t1.I=ljf~1 

NOTE 1: Timing for LA 17 - 23 and SAO - 19 is dependent on register settings and may be asynchronous. 
Minimum valid windows are shown for reference. 

FIGURE 12-29. AT BUS I/O OR MEMORY READ: 16-BIT, DEFAULT TIMING 
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AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

BALE 

MEMR 
NOTE 1 

lOR 
NOTE 1 

DENO, 

DTR 

SDTR 

MEMCS16 
NOTE 2 

IOCS16 
NOTE 2 

IOCHRDY 

ZEROWS 

r- MEMORY READ 1 
I Ts I Tc 

SDO - SD15 -----I))}I 

Ti 
r-- I/O OR MEMORY READ CYCLE 

I Ts I Tc I Tw I Ti 

NOTE 1: MEMR and lOR will not be asserted simultaneously. The first cycle must be to memory, as zero 
wait state 1/0 cycles are not supported. 

NOTE 2: MEMCS16 is sampled only during memory cycles. IOCS16 is sampled only during 1/0 cycles. 

NOTE 3: Timing for LA 17 - 23 and SAO - 19 is dependent on register settings and may be asynchronous. 
Minimum valid windows are shown for reference. 

FIGURE 12-30. AT BUS I/O OR MEMORY READ: 16-BIT, OWS ASSERTED AND EXTRA 
WAIT STATE ADDED 
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AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

BALE 

lOW 

MEMW 

DEN1 
NOTE 1 

DENO 
NOTE 1 

r-- 110 WRITE CYCLE ----1 
I Ts I Tc I Tw I 

I 

I : I 
I I 

II I 
I I 

II I 

Ti 

I 
I 
I 
I 
II 
I • 
II 

r-- MEMORY WRITE CYCLE ---1 
I Ts I Tc I Tw I Ti 

I 
I 
I 
I 
Ii 
I • 
Ii 

SDEN, DTR HI 
I 
I 

SDTR 
LO ____ ~----~--+-----~----------~r_~--~--------~---

MEMCS16 

IOCS16 

IOCHRDY 

ZEROWS 

~£~ ; SD15 ------LI=I ____ VA_L_ID_F_RO_M __ BU_F_FE_R __ ----!I--------lI=i=rl ___ V_AL_ID_F_R_OM __ B_UF_FE_R ____ -'f-
SDO - SD7 
NOTE 2 

------LI""I ____ VA_L_ID_F_RO_M __ BU_F_FE_R ___ f--------l""ldl ___ V_AL_ID_F_R_OM __ B_UF_FE_R ____ -'f-

NOTE 1: DENO is asserted only in cycles where SAO is low. DEN1 is asserted only in cycles where SBHE is 
low. 

NOTE 2: SDB - SD15 are driven when DEN1 is low. SDO - SD? are driven when DENO is low. The small 
period of unknown data is dependent on register settings and may be asynchronous. Minimum 
valid time is shown for reference. 

NOTE 3: Timing for LA1? - 23 and SAO - 19 is dependent on register settings and may be asynchronous. 
Minimum valid windows are shown for reference. 

FIGURE 12-31. ATBUS I/O OR MEMORY WRITE: 16-BIT, DEFAULT TIMING 
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12.2.2 Entering the AT Bus 

The timing in this section is presented in the fol
lowing sequence: 

80286 CPU 

Asysnchronous CPUCLK to SYSCLK 
Synchronous CPUCLK to SYSCLK 

80386SX CPU 

Asysnchronous CPUCLK to SYSCLK 
Synchronous CPUCLK to SYSCLK 

SYMBOL CHARACTERISTIC 

T40 CPUCLK fall to SYSCLK fall 
80286 CPU mode. 
CPUCLK rise to SYSCLK fall 
80386SX CPU mode. 

T41 CPUCLK fall to SYSCLK fall 
80286 CPU mode. 
CPUCLK rise to SYSCLK fall 
80386SX CPU mode. 

T42 CPUCLK fall to SYSCLK fall 
80386SX CPU mode. 

T43 CPUCLK rise to SYSCLK fall 
80386SX CPU mode. 

T44 CPUCLK rise to SYSCLK fall 
80286 CPU mode. 

T45 CPUCLK fall to SYSCLK fall 
80286 CPU mode. 

T140 CPUCLK fall to ALE rise 
80286 CPU mode. 
CPUCLK rise to ALE rise 
80386SX CPU mode. 

T141 CPUCLK fall to ALE fall 
80286 CPU mode. 
CPUCLK rise to ALE fall 
80386SX CPU mode. 

T214 See TABLE 13-6 

T215 See TABLE 13-6 

T234 See TABLE 13-3 
T235 See TABLE 13-3 

MIN 

4 

9 

MAX UNITS 

ns 

ns 

29 ns 

35 ns 

29 ns 

36 ns 

20 ns 

20 ns 

TABLE 12-9. ENTERING THE AT BUS 

ADVANCED INFORMATION 11125/91 

WD771 O/WD771 OLP 

TEST 
CONDITIONS 

Register 1872H: BRO_DEL = 01 
BUS_MOD = OX 

Delay is number given 
plus (TOO x 0.25) 

Register 1872H: BRO_DEL = 00 
BUS_MOD = OX 

Delay is number given 
plus (TOO x 0.5) 

Register 1872H: BRO_DEL = 10 
BUS_MOD = 11 

Register 1872H: BRO_DEL = 10 
BUS_MOD = 10 

Register 1872H: BRO_DEL = 10 
BUS_MOD = 11 

Register 1872H: BRO_DEL = 10 
BUS_MOD = 10 
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CPUCLK 
AT BUS 
CLOCK 
INTERNAL 

SYSCLK 
NOTE 1 

BALE 

Tc 

~ 

Ts Tc 

III I I 
U T40--->j 

: :: \ 
I I I I 

AC OPERATING CHARACTERISTICS 

Tw Tw Tw 

L 
I \ I 

ALE 
T140j f:+f T141 

--j+-j+-=T=23=S-----'..1 j+ T2':-:3:-:-4---------------

READY ,<--_-----'I I 
NOTE 1: SYSCLK is asynchronous to CPUCLK. The minimum delay between CPUCLK and SYSCLK for an 

AT bus cycle to be started is shown here. Reducing the delay further would cause the AT cycle to 
start 1/2 SYSCLK period later. 

NOTE 2: Register 1872H: BRa_DEL = 01, BUS_MOD = 00 or 01. 

FIGURE 12-32. 80286 CPU - ASYNCHRONOUS CPUCLK TO SYSCLK, BREQ DELAY = 1/2 CLOCK 

Tc Ts Tc Tw Tw Tw 
CPUCLK 
AT BUS jl : II CLOCK I I INTERNAL • I T41~ 

SYSCLK ~ I I~ I 1 I \ NOTE 1 I I I 
BALE 

T140Jj+1 Jj+T141 

ALE Ir-l 
~ j+ T23S -1 j+ T234 

READY I I 

NOTE 1: SYSCLK is asynchronous to CPUCLK. The minimum delay between CPUCLK and SYSCLK for an 
AT bus cycle to be started is shown here. Reducing the delay further would cause the AT cycle to 
start 112 SYSCLK period later. 

NOTE 2: Register 1872H: BRa_DEL = 00, BUS_MOD = 00 or 01. 

FIGURE 12-33. 80286 CPU - ASYNCHRONOUS CPUCLK TO SYSCLK, BREQ DELAY = 1 CLOCK 
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Tc Ts Tc Tw Tw 

CPUCLK 

ALE 
T140"1 ~T141 

-lT235 "1 I--IT234 
READY III NOTE 1 

I I 
NOTE 2 I I AT BUS 

I CLOCK 
INTERNAL 

SYSCLK 

BALE n 
I 

NOTE 3 I 
AT BUS 
CLOCK 
INTERNAL 

1 r T45 
SYSCLK ~ ~ I \ NOTE 1 

BALE I 

NOTE 1: READY timing is shown for when the previous cycle was not an AT bus cycle. 

NOTE 2: AT bus clock = CPUCLK + 1. Register 1872H: BRa_DEL = 10, BUS_MOD = 11. 

NOTE 3: AT bus clock = CPUCLK + 2. Register 1872H: BRa_DEL = 10, BUS_MOD = 10. 

I 

FIGURE 12-34. 80286 CPU - SVCNHRONOUS CPUCLK TO SVSCLK 

ADVANCED INFORMATION 11125191 

Tw 
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7-143 



WD7710/WD7710LP AC OPERATING CHARACTERISTICS 

CPUCLK 
AT BUS 
CLOCK 
INTERNAL 

SYSCLK 
NOTE 1 

BALE 

ALE 

READY 

T2P T1P T2P T2P 

D II I 
LT40 --I 

J: ~ : \ '--t----"----~I 
I I I 
I T140 1 n T141 

oJ !+- T214 oJ !+- T215 

I I I 

T2P T2P 

L 
\'---_----'1 

NOTE 1: SYSCLK is asynchronous to CPUCLK. The minimum delay between CPUCLK and SYSCLK for an 
AT bus cycle to be started is shown here. Reducing the delay further would cause the AT cycle to 
start 1/2 SYSCLK period later. 

NOTE 2: Register 1872H: BRa_DEL = 01, BUS_MOD = 00 or 01. 

CPUCLK 

AT BUS 
CLOCK 
INTERNAL 

SYSCLK 
NOTE 1 

BALE 

ALE 

READY 

FIGURE 12-35. 80386SX CPU - BREQ DELAY = 1/2 CLOCK 

T2P T1P T2P T2P T2P T2P 

ilL-----I1 : I ~. ===~T41 --->j 

: ~,--!---: -+--->: ~L--_\,,--------,I \L-_ 
~----~--~------~I~----~~I ________ __ 
-+~---T1-4°-4i~~~!+--T-14-1-----------------------------------
--=+-i T214 ,!+- T215 

I I 

NOTE 1: SYSCLK is asynchronous to CPUCLK. The minimum delay between CPUCLK and SYSCLK for an 
AT bus cycle to be started is shown here. Reducing the delay further would cause the AT cycle to 
start 1/2 SYSCLK period later. 

NOTE 2: Register 1872H: BRa_DEL = 00, BUS_MOD = 00 or 01. 

FIGURE 12-36. 80386SX - BREQ DELAY = 1 CLOCK 
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T2P TiP T2P T2P T2P T2P 

CPUCLK 

ALE 
T140 i f-l:T14i 

1T214 1 J4- T215 I I 
READY I I I NOTE 1 

I I 
NOTE 2 I I AT BUS 
CLOCK I I 
INTERNAL 

~ 
SYSCLK 

BALE n 
I 
I 

NOTE 3 

I AT BUS 
CLOCK I 
INTERNAL I 

-+ r T43 
SYSCLK ~ ~ I \ I \ NOTE 1 

BALE 

NOTE 1: If this AT bus cycle is immediatly preceded by another bus cycle and the BUS_MOD field in register 
1872 = 11, READY will fall 1 CPUCLK later than shown. 

NOTE 2: AT bus ciock = CPUCLK + 1. Register 1872H: BRO_DEL = 10, BUS_MOD = 11. 

NOTE 3: AT bus clock = CPUCLK + 2. Register 1872H: BRO_DEL = 10, BUS_MOD = 10. 

FIGURE 12-37. 80386SX CPU - SYCNHRONOUS CPUCLK TO SYSCLK 
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12.2.3 Exiting The AT Bus 

Exiting a synchronous AT bus is covered first, fol
lowed by the asynchronous bus. 

SYMBOL CHARACTERISTIC MIN 

T46 SYSCLK fall to CPUCLK -5 

T47 SYSCLK fall to CPUCLK -15 

T48 SYSCLK rise to CPUCLK -10 

T49 SYSCLK rise to CPUCLK -15 

--
T144 CPUCLK fall to READY fall, 

80286 CPU mode. 
--

T145 CPUCLK fall to READY rise, 
80286 CPU mode. 

T214 See TABLE 12-6 

T215 See TABLE 12-6 

T234 See TABLE 12-3 

T235 See TABLE 12-3 

MAX UNITS 

ns 

ns 

ns 

ns 

24 ns 

26 ns 

TABLE 12-10. EXITING THE AT BUS 

7-146 ADVANCED INFORMATION 11125/91 

TEST 
CONDITIONS 

Register 1872H: BAK_DEL = 10 
BUS_MOD=OX 

Register 1872H: BAK_DEL = 01 
BUS_MOD=OX 

Delay is number given 
plus (TOO x 0.25) 

Register 1872H: BAK_DEL = 00 
BUS_MOD=OX 

Register 1872H: BAK_DEL = 11 
BUS_MOD=OX 

Delay is number given 
plus (TOO x 0.25) 

Register 1872H: BUS_MOD = 11 
AT cycles only 

Register 1872H: BUS_MOD = .11 
AT cycles only 
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AT BUS 
CLOCK 
INTERNAL 

SYSCLK ~ 

AT STROBE 
NOTE 1 

80386SX MODE 

I 
CPUCLK 

READY 
NOTE 2 

READY 
NOTE 3 

READY 
NOTE 4 

80286 MODE 

CPUCLK 

READY 
NOTE 2 

READY 
NOTE 3 

READY 
NOTE 4 

END OF AT BUS CYCLE -1 

I : I : I 

: I 

T2 T2 T2 T2/TI 

..J i+ T214 

t"" I 

: I 

Tc Tc Tc Tc/Ti 

..; i+ T235 

j '"'' I 

I 

NOTE 1: AT STROBE is either MEMR, MEMW, lOR or lOW. 

I T2/TI 

L"" I 

TclTi 

L,,~ 
NOTE 2: Register 1872H: BUS_MOD = 10, BAK_DEL = 10 (-1 AT bus clock). 

TI 

Ti 

NOTE 3: Register 1872H: BUS_MOD = 10, BAK_DEL = 01 or 00 (-0.5 AT bus clock or no delay). 

NOTE 4: Register 1872H: BUS_MOD = 10, BAK_DEL = 11 (+0.5 AT bus clock). 

FIGURE 12-38. SYNCHRONOUS AT BUS CYCLE COMPLETION, 

AT BUS CLOCK = CPUCLK + 2 

ADVANCED INFORMATION 11/25/91 
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AT BUS 
END OF AT BUS CYCLE --I 

CLOCK 
INTERNAL 

SYSCLK 

AT STROBE 
NOTE 1 

BALE 
NOTE 2 

80386SX MODE 

I T2P T2P T1P 

CPUCLK 

~ ,~" ~ rw ' 

ALE 

READY I 

80286 MODE: 

I Tc Tc Ts 

CPUCLK 

~ ,nM ~ rn~ ALE 

READY I 

NOTE 1: AT STROBE is either MEMR, MEMW lOR or lOW. 

NOTE 2: Register 1872H: BRO_DEL = 10, BUS_MOD = 11, BAK_DEL = XX. 

FIGURE 12-39. SYNCHRONOUS AT BUS CYCLE COMPLETION, 
AT BUS CLOCK = CPUCLK + 1 
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AT BUS 
CLOCK 
INTERNAL 

END OF AT BUS CYCLE --1 

SYSCLK "----_--'r 
AT STROBE 
NOTE 1 

BAK DEL = 10 (-1 AT BUS CLOCK) NOTE 2 

-.-~------~-----
80386SX MODE I T2 I IT2 I T2 T I TI TI TI 

CPUCLK 

READY 

80286 MODE Te Te Ti Ti Ti Ti 

CPUCLK 

READY 
T46 j 1+ .J \.- T235 

--------~--~~I __________________________ __ 
BAK DEL = 01 (-0.5 AT BUS CLOCK) 
--~----- - ~---
80386SX MODE I T2 I T2 I 

CPUCLK 

READY 

80286 MODE 

CPUCLK 
I+--T47 ---->I 

NOTE 2 

.J \.- T235 

----------------~I ______________________ _ 

NOTE 1: AT STROBE is either MEMR, MEMW, lOR or lOW. 

NOTE 2: Register 1872H: BUS_MOD = 00 or 01 (asynchronous AT bus), BAK_DEL set as indicated. 

NOTE 3: SYSCLK is asynchronous to CPUCLK. The minimum delay between SYSCLK and CPUCLK for 
READY to be asserted is shown here. Reducing the delay further would cause READY to be 
asserted one CPU "T" state later. 

FIGURE 12-40. ASYNCHRONOUS AT BUS CYCLE COMPLETION, 
BAK_DEL = -1 OR -0.5 AT BUS CLOCKS 
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AT BUS 
CLOCK 
INTERNAL 

END OF AT BUS CYCLE -1 

SYSCLK '---_---'r 
AT STROBE 
NOTE 1 ---------~ 

BAK_DEL = 00 (0 AT BUS CLOCKS) NOTE 2 

80386SX MODE T2 T2 T2 TI TI TI 
CPUCLK 

READY 

80286 MODE Tc Tc Tc Ti Ti Ti 
CPUCLK 

READY 
T48 ~ 14- -.I i+ T235 

---------------4r---~1~ ____________________ _ 

BAK DEL = 11 (+0.5 AT BUS CLOCK) NOTE 2 

-- ~- -----1---
80386SX MODf T2 I T2 

CPUCLK 

READY 

80286 MODE Tc Tc Tc 1 I Tc Tc Ti Ti Ti 
CPUCLK 

READY 
__________ ,+-_T4_9_->l __ --"'-.I-ii+ T235 

I 

NOTE 1: AT STROBE is either MEMR, MEMW, lOR or lOW. 

NOTE 2: Register 1872H: BUS_MOD = 00 or 01 (asynchronous AT bus), BAK_DEL set as indicated. 

NOTE 3: SYSCLK is asynchronous to CPUCLK. The minimum delay between SYSCLK and CPUCLK for 

7-150 

READY to be asserted is shown here. Reducing the delay further would cause READY to be 
asserted one CPU "T" state later. 

FIGURE 12-41. ASYNCHRONOUS AT BUS CYCLE COMPLETION, 
BAK_DEL = 0 OR +0.5 AT BUS CLOCKS 
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12.2.4 DMA Cycles 

Basic default timing is covered first, followed by 
8-bit I/O to onboard memory, then onboard 
memory to 8-bit I/O. 

SYMBOL CHARACTERISTIC MIN 

T50 SYSCLK rise to ALE valid high 

T51 SYSCLK rise to SALE valid 
high 

T52 SYSCLK rise to AEN valid high 

T53 SYSCLK rise to Address driven 0 

T54 SYSCLK rise to Address valid 

T55 Address hold from SYSCLK 0 
rise 

T56 SYSCLK rise to LA20 valid 

T57 LA20 hold from SYSCLK rise 0 

T58 SYSCLK rise to SAO valid 

T59 SAO hold from SYSCLK rise 0 
-

T60 SYSCLK rise to SHE driven 0 
-

T61 SYSCLK rise to SHE valid 
-

T62 SHE hold from SYSCLK rise 0 

T63 SYSCLK fall to MXCTL valid 

T64 SYSCLK rise to DACKEN rise 

T65 SYSCLK rise to DACKEN fall 
--

T66 SYSCLK rise to CSEN fall 
--

T67 SYSCLK rise to CSEN rise 

T68 10CHRDY setup to SYSCLK 12 
rise 

T69 10CHRDY hold from SYSCLK 0 
rise 

-
T70 SYSCLK rise to lOR fall 

-
T71 SYSCLK rise to lOR rise 

T72 . SYSCLK rise to MEMW fall 
--

T73 SYSCLK rise to MEMW rise 

T74 SYSCLK rise to DEN1 fall 
--

T75 SYSCLK rise to DEN1 rise 

T76 SYSCLK rise to DENO fall 
--

T77 SYSCLK rise to DENO rise 

T78 SYSCLK rise to SDEN fall 
--

T79 SYSCLK rise to SDEN rise 

MAX UNITS 

15 ns 

15 ns 

15 ns 

ns 

60 ns 

ns 

49 ns 

ns 

40 ns 

ns 

ns 

36 ns 

ns 

2 ns 

28 ns 

31 ns 

32 ns 

33 ns 

ns 

ns 

28 ns 

35 ns 

47 ns 

35 ns 

32 ns 

42 ns 

32 ns 

42 ns 

21 ns 

37 ns 

TABLE 12-11. DMACYCLES 

ADVANCED INFORMATION 11/25/91 

WD7710IWD7710LP 

TEST 
CONDITIONS 

I/O to memory 

I/O to memory 

1/0 to memory 

1/0 to memory 

I/O to memory 
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SYMBOL CHARACTERISTIC MIN MAX UNITS 
TEST 

CONDITIONS 

T80 SYSCLK rise to SDTR rise 30 ns 

T81 SYSCLK rise to SDTR fall 20 ns 
-

T82 SYSCLK rise to lOW fall 53 ns 
-

T83 SYSCLK rise to lOW rise 37 ns 

T84 SYSCLK rise to MEMR fall 17 ns 
--

T85 SYSCLK rise to MEMR rise 38 ns 

T86 SYSCLK rise to DEN1 fall 22 ns Memory to 1/0 
--

T87 SYSCLK rise to DEN1 rise 116 ns Memory to 1/0 

T88 SYSCLK rise to DENO fall 22 ns Memory to 1/0 
--

T89 SYSCLK rise to DENO rise 116 ns Memory to 1/0 
--

T90 SYSCLK rise to SDEN rise 116 ns Memory to 1/0 

T91 SYSCLK rise to DTR rise 31 ns 

T92 SYSCLK rise to DTR fall 22 ns 

-- -
T100 MEMW fall to RASn fall 27 ns 

-- -
T101 MEMW rise to RASn rise 29 ns 

-- -
T102 MEMW fall to CASn fall 108 ns 

-- -
T103 MEMW rise to CASn rise 30 ns 

--
T105 MEMW fall to RA10 - RAO 100 ns 

valid 

-- -
T107 MEMW fall to W/R high 29 ns 

-- -
n08 MEMW rise to W/R low 10 ns 

-- -
T120 MEMR fall to RASn fall 28 ns 

-- -
T121 MEMR rise to RAS rise 29 ns 

-- -
T122 MEMR fall to CASn fall 110 ns 

-- -
T123 MEMR rise to CAS rise 31 ns 

--
T125 MEMR fall to RA10 - RAO valid 100 ns 

--
T126 MEMR fall to DPH, DPL float 25 

--
T127 . MEMR rise to DPH, DPL 35 

driven 

T303 015 - DO valid to DPH, DPL 27 ns 
valid 

--
T305 015 - DO setup to MEMR rise 18 ns 

--
T306 DPH, DPL setup to MEMR rise 10 ns 

TABLE 12-11. DMA CYCLES cont. 
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NOTE 1: ALE, BALE and AEN may be asynchronous. Minimum valid time is shown. DMA channels 0, 1, 2, 
and 3 will have two additional SYSCLK periods of valid time as shown by the alternate shaded 
region. 

NOTE 2: CSEN is used to generate the terminal count signal and pulses low only during the last transfer in a 
block. 

FIGURE 12-42. BASIC DMA CYCLE, DEFAULT TIMING 
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T2 T3 T4 Tw 

SYSCLK 

DMACLK 
INTERNAL 

DACKEN I 

lOR 
~ T70 +I ~ T?1 

----------~I ~' __ ~ __________ ~I~I I 

MEMW 

DEN1 

DENO 

SDEN 
NOTE 1 

DTR LO 

SDTR 

RASn 

~ T72 1 K- T73 -----+---,----j-+---il 1 ~ 
j ~ T741 L-______ :j+--'~,', T75 

-----,-;1 1,--. _I,------+ ____ --c-'I II I 
-.! 1--, T761 -.! j+-'- T77 

-----I-I--il I I ill i 

I 
"----t_.I-~-T-78---,,----------.---t-J~ T79 

I I II I 
I '----:----------' I, I 

~~T80 I I -lj ~ T81 

I I -j I 
---------' +I ~ T100 +I ~ Tl0'-1 ----

------------~----~i~1 __________ ~II 

CASn 
_'1' J4- Tl02 -., ~ Tl03 

-----------------r~I'---______ ~11 
-J ~ Tl05 I 

RA10 - RAO ROW 

-
W/R 

D15 - DO 

DPH,DPL 

NOTE 1: SDEN is asserted only in cycles with an odd numbered address. 

FIGURE 12-43. DMA CYCLE, a-BIT 1/0 TO ON-BOARD MEMORY 
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T2 T3 T4 Tw T5 TO 

SYSCLK 

OMACLK 
INTERNAL 

OACKEN 1 

lOW 

MEMR 

OEN1 

_ ______ I---_I-------J---;�+ T82 -1 i+" T83 

,--::1 ::-:----___ j------ll I I 
i+" T84 +1 1+ T85 

----------~_r~~1 ________ ~~I ! 
~ t+ T86 <;I I r-t+~T8_7 ___ _ 

--------~~II 1 II I 

DENO 
NOTE 2 

SOEN 
NOTE 1 

~ t+ T88 i ,t+ T89 -------+----1/1-11 I [---I -t-: ----

j t+ T78 :J I t+ T90 
--------~--n'l ' jrl ~I ------

1 

SOTR LO 

OTR 
j t+ T91 j t+ T92 

1 I 11'--__ -

RASn 

CASn 

-----------1+-1' t+ T120 i t+ T121 

I II 
___________ +...;-' ~~~I+-TI-22----... j-J1 t+ T123 

I I I I 

RA10 - RAO ROW ~ fT125 COLUMN ~ 1\;,I;,.ii;~;i!;i;li;;1 
W/R 

015 - 00 

OPH,OPL 

NOTE 1: SDEN is asserted only in cycles with an odd numbered address. 

NOTE 2: DENO is asserted only in cycles with an even numbered address. 

FIGURE 12-44. DMA CYCLE, ON-BOARD MEMORY TO a-BIT 1/0 
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12.2.5 AT Bus Master 

The AT bus master timing is covered in the follow
ing sequence: 

SYMBOL CHARACTERISTIC MIN 

T50 SYSCLK rise to ALE valid high 

T51 SYSCLK rise to BALE valid 
high 

T52 SYSCLK rise to AEN valid high 

T53 SYSCLK rise to Address driven 0 

T55 Address hold from SYSCLK 0 
rise 

-
T60 SYSCLK rise to BHE driven 0 

T61 SYSCLK rise to BHE valid 
-

T62 BHE hold from SYSCLK rise 0 

T63 SYSCLK fall to MXCTL valid 

T64 SYSCLK rise to DACKEN rise 

T65 SYSCLK rise to DACKEN fall 

T150 MASTER fall to AEN fall 

T151 MASTER rise to AEN rise 

T152 MASTER fall to A23 - A21, 
A 19 - A 1 float 

T153 MASTER rise to A23 - A21, 15 
A 19 - A 1 driven 

T154 MASTER fall to LA20 float 

T155 MASTER rise to LA20 driven 10 

T156 MASTER fall to SAO float 

T157 MASTER rise to SAO driven 10 

T158 MASTER fall to BHE float 
-

T159 MASTER rise to BHE driven 10 

T160 MASTER fall to CSEN fall 
--

T161 MASTER rise to CSEN rise 

T162 MASTER fall to MEMR float 
--

T163 MASTER rise to MEMR driven 10 
---

T164 MASTER fall to MEMW, lOR, 
lOW, float 

---
T165 MASTER rise to MEMW, lOR, 10 

lOW driven 

AC OPERATING CHARACTERISTICS 

• Bus acquisition and release 
• Writing to the onboard memory 
• Reading from the onboard memory 

MAX UNITS 
TEST 

CONDITIONS 

15 ns 

15 ns 

15 ns 

ns 

ns 

ns 

36 ns 

ns 

2 ns 

28 ns 

31 ns 

30 ns 

30 ns 

30 ns 

ns 

23 ns 

ns 

24 ns 

ns 

30 ns 

ns 

32 ns 

35 ns 

24 ns 

ns 

23 ns 

ns 

TABLE 12-12. AT BUS MASTER CYCLE 
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SYMBOL CHARACTERISTIC MIN MAX UNITS 
TEST 

CONDITIONS 

T166 A23 - A21, A 19 - A 1 setup 45 ns 
to MEMR, MEMW 

----
T167 LA20 setup to MEMR, MEMW 50 ns 

- ----
T168 BHE setup to MEMR, MEMW 0 ns 

----
T169 SAO setup to MEMR, MEMW 0 ns 

T170 A23-A21, A19-A1 hold from 15 ns 
MEMR, MEMW 

----
T171 LA20 hold from MEMR, MEMW 15 ns 

- ----
T172 BHE hold from MEMR, MEMW 15 ns 

----
T173 SAO hold from MEMR, MEMW 15 ns 

T174 SAO in to AO out delay 45 ns 
-- --

T175 MEMW fall to DEN1 fall 30 ns 
-- --

T176 MEMW fall to DENO fall 30 ns 
-- --

T177 MEMW rise to DEN1 rise 83 ns 
-- --

T178 MEMW rise to DENO rise 83 ns 
-- --

T179 MEMR fall to DEN1 fall 85 ns 
-- --

T180 MEMR fall to DENO fall 85 ns 
-- --

T181 MEMR rise to DEN1 rise 32 ns 

T182 MEMR rise to DENO rise 32 ns 

T183 MEMR fall to DTR rise 29 ns 
--

T184 MEMR rise to DTR fall 82 ns 

---- -
T190 MEMR, MEMW fall to RASn 83 ns 

fall 
---- -

T191 MEMR, MEMW rise to RASn 33 ns 
rise 
---- -

T192 MEMR, MEMW fall to CASn 126 ns 
fall 
---- -

T193 MEMR, MEMW rise to CASn 33 ns 
rise 

T194 MEMR, MEMW fall to 120 ns 
RA 10 - RAO column address 
valid 

----
T196 MEMR, MEMW fall to 42 ns 

RA 1 0 - RAO row address valid 

T197 RA 10 - RAO column address 5 ns 
hold from MEMR, MEMW rise 

TABLE 12-12. AT BUS MASTER CYCLE cont. 

ADVANCED INFORMATION 11/25/91 7-157 



~D7710/~D7710LP AC OPERATING CHARACTERISTICS 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
TEST 

CONDITIONS 

-- -
T300 MEMW fall to W/R rise 33 ns 

-- -
T301 MEMW rise to W/R fall 10 ns 

T302 MEMW fall to DPH, DPL valid 32 ns 

T303 015 - DO valid to DPH, DPL 27 ns 
valid 

--
T304 DPH, DPL hold from MEMW 5 ns 

rise 
--

T305 015 - DO setup to MEMR rise 18 ns 
--

T306 DPH, DPL setup to MEMR rise 10 ns 

T307 MEMR fall to DPH, DPL float 35 ns 
--

T308 MEMR rise to DPH, DPL driven 58 ns 

TABLE 12-12. AT BUS MASTER CYCLE cont. 
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SYSCLK 

DMACLK 
INTERNAL 

ALE 
NOTE 1 

BALE 
NOTE 1 

AEN 
NOTE 1 

A23 - A21, 
A19 - A1 

LA20 

SAO 

BHE 

MXCTL 

DACKEN 

MASTER 

CSEN 

MEMR 

'-----Ir � 
'----------1~ 1 

. ~I.-~I f- . J i T163 11f-------

j 
MEMW I 

k- T164 j 1 T165 111--------
L. ~I·-~I f-.-I. 

-.J 
lOR I 

k- T164 -.J 1 T165 111--------
L . ~I·-~I f- . i . 

lOW 
-, k- T164 _1 .1 T165 111--------

L . ~I·-~I f- . 

NOTE 1: The shaded regions of ALE, BALE and AEN show a possible asynchronous relarionship_ Minimum 
valid time is shown. DMA channels 0, 1, 2 and 3 will have two additional SYSCLK periods of valid 
HI time as shown by the alternate shading. 

FIGURE 12-45. AT BUS MASTER, BUS ACQUISITION/RELEASE 
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A23 - A21, 
A19 - A1 

LA20 

SAO 

AO 

MEMW 

DEN1 

DENO 

DTR 

RASn 

CASn 

RA10 - RAO 

W/R 

015 - DO 

DPH, DPL 

7-160 

VALID 
, ••••••••••• · ••••••••••••• • •••••••••••••••• • •• • •••• 1 

VALID 

VALID 

VALID 

VALID 
+. T174 

________ ~Jr~~-T-17-5--------------~------~ 
II ~T1771 
~ ~T176 I 

-----I'--il t T178 1 
I I 

LO ________ ~~ ________________________ ~I------___ 
..J ~T190 ..: ~T191 

------~I~I ______________ ~II 
________ --'k-__ -'-'T1=92'--+l-'-j ~ ~ T193 

I I II 
I 

COLUMN 

r---------------------------I-i1 ~T301 
11'------

VALID 

VALID 

FIGURE 12-46. AT BUS MASTER, WRITE TO ON-BOARD MEMORY 
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A23 - A21, 
A19 - A1 

LA20 

SHE 

SAO 

AO 

MEMR 

DEN1 

DENO 

DTR 

RASn 

CASn 

W/R 

D15 - DO 

DPH, DPL 

KJi;r no. : VALID : • ~::,;I 
!.--T167 -

!""' .••••••••• =. · ••• ·""'···.· ••••• ·""' •• ••• ••• ···=("+-L-T-16-8 _:.--_____ V_A_L_ID _______ -,-:_T172 Ji 
I =T169 ~T173 -I 1 iII 
... i+ T174 

1---1 -----1J I+-T181 

--------~~-T17-9~1 I 1 

I ~-----------~r 
_____ .L. _--, -, I+-T182 

r- T180 1 I 1 

i II+-T183 I J 
_____ +---'. j-T184 l L-__ 

j I+T190 -. I+-T191 

-----t--I ----11 I 1 

____ ----'L_T~19=_2 _---->i----j :J I+- T193 

I 1 I 1 

I 

LO ____ +-__ ~ __________ ~----

FIGURE 12-47. AT BUS MASTER, READ FROM ON-BOARD MEMORY 
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12.2.6 AT Bus Refresh 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
TEST 

CONDITIONS 

T320 REFRESH low before SYSCLK 4 ns REFRESH setup is number 
rise given plus (TOO x 0.25) 

T321 SYSCLK fall to REFRESH rise 16 ns 

T325 SYSCLK rise to A23 • A21 , 35 ns 
A19·A16andA7·A1 valid 

T326 SYSCLK fall to A23 • A21 , 2 ns 
A19·A16andA7·A1 invalid 

T327 SYSCLK rise to A20, A 15 • A8 45 ns 
valid 

T328 SYSCLK fall to A20, A 15 . A8 2 ns 
invalid 

T329 SYSCLK rise to LA20 valid 30 ns 

T330 SYSCLK fall to LA20 invalid 2 ns 

T331 SYSCLK rise to SAO valid 30 ns 

T332 SYSCLK fall to SAO invalid 2 ns 
--

T333 SYSCLK rise to MEMR low 8 ns 

T334 SYSCLK rise to MEMR high 7 ns 

T335 IOCHRDY setup to SYSCLK 23 ns 
rise 

T336 IOCHRDY hold time from 0 ns 
SYSCLK rise 

TABLE 12-13. AT BUS REFRESH CYCLE, DEFAULT TIMING 
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AT BUS CLOCK 
INTERNAL 

SYSCLK 

REFRESH 
NOTE 1 

A (FAST) 
NOTE 2 

AISLOW) 
NOtE 3 

LA20 

SAO 

MEMR 

IOCHRDY 

WD7710/WD7710LP 

NOTE 1: REFRESH rises 1/2 SYSCLK period later (dashed line) if there is a pending hold cycle (DMA, local 
access). 

NOTE 2: (FAST) is address lines A23 - A21, A 19 - A 16 and A7 - A 1. 

NOTE 3: (SLOW) is address lines A20, and A 15 - AS 

FIGURE 12-48. AT BUS REFRESH CYCLE, DEFAULT TIMING 
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12.3 PROCESSOR TIMING 

This section covers the 80286 CPU timing, 
followed by the 80386SX. 

AC OPERATING CHARACTERISTICS 

SYMBOL CHARACTERISTIC MIN MAX UNITS TEST 
CONDInONS 

T140 See Table 12-9 

T141 See Table 12-9 

T143 See Table 12-9 

T401 CPUCLK fall to CPURES rise 14 ns 
delay 

T402 CPUCLK fall to CPU RES fall 13 ns 
delay 

T403 CPUCLK fall to NPRST rise 14 ns 
delay 

T404 CPUCLK fall to NPRST fall 13 ns 
delay 

T405 CPUCLK fall to BUSYCPU fall 35 ns CD 
delay 

T406 NPBUSY rise to BUSYCPU 35 ns CD 
rise delay 

--
T408 SO, Sl setup time to CPUCLK 9 ns 

T409 SO, Sl hold time to CPUCLK 1 ns 
-

T410 MilO setup time to CPUCLK 26 ns 

T411 MilO hold time to CPUCLK 1 ns 

T412 Address setup time to CPUCLK 26 ns 

T413 Address hold time to CPUCLK 1 ns 
--

T414 PEACK setup time to CPUCLK 7 ns 

T415 PEACK hold time to CPUCLK 1 ns 

T416 DPH, DPL setup time to 5 ns 
CPUCLKfall 

T417 DPH, DPL hold time from 19 ns 
CPUCLKfall 

T418 D15 - DO setup time to 5 ns 
CPUCLKfall 

T419 D15 - DO hold time from 19 ns 
CPUCLKfall 

CD T405 and T406 are for reference only since BUSYCPU is an asynchronous signal to the 80286. These two 
parameters are guaranteed by design and will not be tested. 

TABLE 12-14. 80286 CPU TIMING 
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CPUCLK 

RSTIN 

CPURES 

NPRST 

BUSYCPU 

W/R# [Sl] 

--; 

(( 
» 

32 CPUCLK ,:_ 
(NOTE 2) 

NOTE 1: Minimum of 80 CPUCLKs are asserted before the removal of CPU RES. 

NOTE 2: W/R# [Sl] is sampled 32 CPUCLKs after RSTIN is de-asserted to determine the processor type. 

NOTE 3: If, by sampling W/R# [81], the processor type detected is an 80386SX, BUSYCPU is asserted 

CPUCLK 

for a minimum of 10 CPUCLKs before and after the trailing edge of CPU RES to perform 

803868X self test. 

FIGURE 12·49. 80286· CPURES AND NPRST DURING POWER UP 

TS TC 
<1>2 <1>1 <1>2 <1>1 <1>2 <1>2 

so 
r---~----~---+----~~~~----------~~~----~-----

:~ 72 CPUCLK ~~-- 128 CPUCLK 

~~ . 
NPRST _~ _________________ T4_0_3_~ ___ ;~I~ ~L....-___ T_4_0_4 ____ ~((,-____ ~ ______ _ 

)) 

READY 
~r--------------------------~~~--------------~~~----~,--__ __ 

NOTE 1: NPRST is asserted for 72 CPUCLKs to fullill the requirements 01 the 80287 and 80387SX. 

NOTE 2: READY is de·asserted for an additional 128 CPUCLKs to prevent the coprocessor from 

being accessed before it is allowed. This covers up to 25 MHz 80286 working with 
12.5 MHz Intel's C287A. 

FIGURE 12·50. 80286· COPROCESSOR RESET (NPRST) 
INITIATED BY lOW TO PORT F1 
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<1>2 

(( 

KBDRST~: / 
- "--+-lA.· :.c "~""'Il----- 16 CPUCLK .. : 

)) 

NOTE1: , ________ ....J,(») ____ ...;-. 

CPURES T40\~- -~ ~ T402 

Hot·Reset by setting bit 0 of port 92 to 1 

CPUCLK~~~JLJu-
lOW ~S~---+-~ --l/ % . % : 

~-c ~_ 128 CPUCLK ---.; ....... E---- 16 CPUCLK --~.~: 
~ NOTE2 ~ ~: .----------..J,()s------+--, 

T401 -~ -i. I - T402 
~ ~ : . 

CPU RES 

Shut·down Initiated Reset (MIIO=1, 51 =0, 50=0, A 1 =0) 

<1>1 <1>2 

CPUCLK 

CPURES 

<1>1 <1>2 : <1>1 

T401-: 1-
NOTE 3 

<1>2 

JLJu-, : 

16 CPUCLK -----J.~: 

(~ )_[_T402 

NOTE 1: This time can be as long as 8 MXCTL clocks (-4 SYSCLK) plus 2 CPUCLKs for synchronization. 

NOTE 2: 1 SYSCLK, plus 2 CPUCLKs for synchronization. 

NOTE 3: CPU RES is asserted at the beginning of phase 1 to maintain the phase relationship with the 80286. 

FIGURE 12-51. 80286 - PROCESSOR RESET (CPURES) INITIATED BY SOURCES OTHER 
THAN POWER UP RESET 
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I TS I TC I 
,<1>1 ,<1>2,<1>1 .<1>2 <1>1 . <1>2 

CPUCLK 

AlE ~~+-----------~-----TW--LB-N-(-fro-m--80-2-87-s-p-ec-.)~~--~------------------
®IOW ~I~ ____ ~ ______________ ~ 

----i------;.----+------,'--__________________ -:--~--_:__~----' ~ T406 

: .... ""E-------- NOTE 1 --+---+--+---l~. 

BUSYCPU 
_: 1_1T405 j------------

READY --..... 
® TO COPROCESSOR 

® FROM COPROCESSOR 

NOTE 1: During a write to the 80287, BUSYCPU is asserted at the middle of the first Tc and continues 
for one SYSCLK plus two CPUCLKs beyond the active edge of lOW, then follows the NPBUSY 
from the 80287. This early assertion of BUSYCPU is required to maintain compatibility with 
the 80287. 

FIGURE 12-52. 80286· BUSYCPU ASSERTED DURING COPROCESSOR ACCESS 
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I TS I TC I 
: <1>1 : <1>2 : <1>1 : <1>2 

CPUCLK 

ALE ~~~------------~1rj--------~1~)--~~r-n~~--------------
CD lOW 

® NPBUSY 

BUSYCPU -:1_T40S 

NPERR 

READY 

CD TO COPROCESSOR 

® FROM COPROCESSOR 

NOTE 1 

(( 
J) 

NOTE 1: BUSYCPU is latched by the leading edge of the NPERRsignal from the coprocessor 
while NPBUSY from the coprocessor is still active. 

NOTE 2 

NOTE 2: BUSYCPU is de-asserted by the leading edge of lOW, delayed by a low half of SYSCLK, 
when any data is written to port FO. BUSYCPU can be an asynchronous signal to the 
processor and is shown for reference only. 

7-168 

FIGURE 12·53. 80286· LATCHING BUSVCPU WHEN AN ERROR OCCURS 
AND CLEARING IT WITH A WRiTE TO PORT FO 
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TS TC TS 
<1>1 <1>2 <1>1 <1>2 <1>1 

CPUCLK 

T40B~· .~ 
SO, S1 

T409~ 

PEACK 

MIlO 

A23-AO 
. . 
-c: T412 ~: .;......... __ • T413 

OPH,OPL ················,····.··· .. ·············CIJ···C 
FOR MEMORY READ CYCLE : · ·T416~: :~ 

• T417· 

015-00 ·······························.·········CIJ···c 
FOR MEMORY READ CYCLE 

: 1 ~ T41B~· 

ALE 

READY 

T140~: .-+-- .~ T141 

\,-,--. _---'I 
.~. • __ T143 

--------~!~~~\~. --------
T143~. 

FIGURE 12-54. 80286 - MISCELLANEOUS TIMING 
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SYMBOL CHARACTERISTIC 20 MHz 25 MHz UNITS 
MIN MAX MIN MAX 

T140 See Table 12-9 

T141 See Table 12-9 

T204 See Table 12-6 

T214 See Table 12-6 

T215 See Table 12-6 

T451 CPUCLK rise to CPURES 14 10 ns 
rise delay 

T452 CPUCLK rise to CPURES 13 10 ns 
fall delay 

T453 CPUCLK rise to NPRST 14 10 ns 
rise delay 

T454 CPUCLK rise to NPRST 13 10 ns 
fall delay 

T455 CPUCLK rise to BUSYCPU 35 35 ns 
fall delay 

T456 CPUCLK rise to BUSYCPU 35 30 ns 
rise delay 

T457 NPBUSY fall to BUSYCPU 30 30 ns 
fall delay 

T458 NPBUSY rise to BUSYCPU 35 35 ns 
rise delay 

T460 NPERR fall to EPEREQ 30 30 ns 
rise delay 

T462 ADS# setup time to CPUCLK 14 10 ns 
rise 

T463 ADS# hold time from 5 4 ns 
CPUCLK rise 

T464 W/R# setup time to CPUCLK 14 8 ns 
rise 

T465 W/R# hold time from 5 4 ns 
CPUCLK rise 

T466 D/C# setup time to CPUCLK 14 6 ns 
rise 

T467 D/C# hold time from 5 4 ns 
CPUCLK rise 

-
T468 MilO setup time to CPUCLK 17 15 ns 

rise 

T469 MilO hold time from 5 4 ns 
CPUCLK rise 

T470 BHE setup time to CPUCLK 17 15 ns 
rise 
--

T471 BHE hold time from 3 4 ns 
CPUCLK rise 

TABLE 12-15. 80386SX CPU TIMING 
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SYMBOL CHARACTERISTIC 20 MHz 25 MHz UNITS 
MIN MAX MIN MAX 

T472 HLOA setup time to CPUCLK 10 6 ns 
rise 

T473 HLOA hold time from 3 4 ns 
CPUCLK rise 

T474 HOLD valid delay from 26 20 ns 
CPUCLK rise 

T475 OPH setup time to CPUCLK 5 5 ns 
rise 

T476 OPH hold time from 19 19 ns 
CPUCLK rise 

T477 015-00 setup time to 5 5 ns 
CPUCLK rise 

T478 D15-00 hold time from 19 19 ns 
CPUCLK rise 

T479 A23-A 1, BLE# setup time to 40 38 ns 
CPUCLK rise 

T480 A23-A 1, BLE# hold time from 3 4 ns 
CPUCLK rise 

TABLE 12-15. 80386SX CPU TIMING cont. 
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<1>' 

CPUCLK 

RSTIN 

CPURES 

NPRST 

BUSYCPU 

W/R# (81) 

NOTE 1: Minimum of 80 CPUCLKs are asserted before the removal of CPURES. 

NOTE 2: W/R# [S1] is sampled 32 CPUCLKs after RSTIN is de-asserted to determine the processor type. 

NOTE 3: If, by sampling W/R# [S1]. the processor type detected is an 80386SX, BUSYCPU is asserted 

CPUCLK 

ADS# 

NPRST 

READY 

for a minimum of 10 CPUCLKs before and after the trailing edge of CPU RES to perform 

80386SX self test. 

FIGURE 12-55. 80386SX - CPU RES AND NPRST DURING POWER UP 

~-ooe: 72 CPUCLK .. , ____ 128 CPUCLK 

r----';~j : 
T453-~ 1- 4- T454 ({ 

» 

------------------------~(----------------~(('),-----~-, 
____ -'i r»- ) '--____ _ 

NOTE 1: The trailing edge of NPRST occurs during phase 2 to maintain the correct phase of 80387SX 
with the 80386SX. 

NOTE 2: NPRST is asserted for 72 CPUCLKs to fulfill the requirements of the 80287 and 80387SX. 

NOTE 3: READY is de-asserted for an additional 128 CPUCLKs to prevent the coprocessor from 
being accessed before it is allowed. This covers up to 25 MHz 80286 working with 
12.5 MHz Intel's 80C287A. 

NOTE 4: 25 MHz operation requires a minimum of 8 MHz for AT Bus Clock. 

7-172 

FIGURE 12-56. 80386SX - COPROCESSOR RESET (NPRST) 
INITIATED BY lOW TO PORT F1 
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<1>2 

(( 

KBD_RST ~ i ( I y> ; 
)} 

:-c ~,"'CE-------- 17 CPUCLK ... 
NOTE 1 ~ ,--------ss-----+-, 

CPU RES T451(-:"::'~: 1_ -' ~ T452 
)<J---W 

Hot-Reset by setting bit 0 of port 92 to 1 

CPUCLK SLfU1sLr~v-LrL 
IOW~ I ( 'I 't!:' %!: 

YJ : 
~-c: ~,_ 128 CPUCLK ~"'CE------- 17 CPUCLK --,.,--l"'~' NOTE 3 
~ NOTE 2 , : .----------~(~: 

T4~i -~ ~ ~: - T452 
--------~%,---------------~~--~~. 

CPURES 

Shut-down Initiated Reset (W/R#=1, D/C#=O, M/IO=1, BHE=1, BLE#=O, A1 =0) 

<1>1 

CPUCLK 

W/R# --rlL... ________ ---' 
IC.--_________ 17_C_P_U_CL_K __ -_-_-_-_~-S~~ ... ~' ~ .. _", 

T451 -' 1- -~ L T452 CPURES 

NOTE 1: This time can be as long as 8 MXCTL clocks (-4 SYSCLK) plus 2 CPUCLKs for synchronization, 

NOTE 2: 1 SYSCLK, plus 2 CPUCLKs for synchronization. 

NOTE 3: CPURES is de-asserted at the beginning of phase 1 to maintain the phase relationship with the 80386SX. 

FIGURE 12-57. 80386SX - PROCESSOR RESET (CPURES) INITIATED BY SOURCES OTHER 
THAN POWER UP RESET 
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T1 T2 T2P T1P I T2P T2P I T2P I T2P T2P I 
CPUCLK 

ADS# n 
ALE 

i I .",: I j I .1-..-1 -----;....---

In~ __ --;-': nL.-.;..--_____ +-___ _ 

CD NPBUSY 

BUSYCPU 

. !-o-:-I ___ ~i I 
~: i- T457 ---*, 

-------------:--:---i NOTE 1 I. 
:_ T458 

READY 

~ ~ '~I ______ ~I-' ____ _ 
CD FROM COPROCESSOR 

NOTE 1: BUSYCPU follows NPBUSY from the 80387SX. 

FIGURE 12-58. BUSVCPU ASSERTION DURING COPROCESSOR ACCESS 
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T1 I T2 I T2P I IT2PIT2PI 

CPUCLK 

ALE ~~.Il'--~~ __ ~~ ____ ~r-__ ~Il,--~----_ .- .. 'h % .-

CD lOW '------'\<)~ 

NOTE 2 

~~ 
~: ~~T_45,8~r-~ __ ~1 ______________ -+~~ 

® NPBUSY 

BUSYCPU 

NPERR NOTE 1 

EPEREQ _____ ~--------------------~~----~---~--lr~~~T-46-0--------------~'---------NOTE 3 
(( 

» 

READY 
Ls<-J ------' 

CD TO COPROCESSOR 

® FROM COPROCESSOR 

NOTE 1: BUSYCPU is latched by the leading edge of the NPERR signal from the coprocessor 
while NPBUSY from the coprocessor is active. 

NOTE 2: BUSYCPU is de-asserted by the leading edge of lOW delayed by a low half of SYSCLK 

when any data is written to port FO. BUSYCPU can be an asynchronous signal to the 

processor and is shown for reference only. 

NOTE 3: EPEREQ is asserted if NPERR occurs while NPBUSY from the coprocessor is active. 
EPEREQ is de-asserted by the leading edge of lOW delayed by the low half of SYSCLK 

when any data is written to port FO. EPEREQ can be asynchronous to the processor 

and is shown for reference only. 

FIGURE 12-59. 80386SX - LATCHING BUSYCPU WHEN AN ERROR OCCURS 
AND CLEARING IT WITH A WRITE TO PORT FO 
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T1P T2P T1P T2P T2P T1P 

CPUCLK 

ADS# 

W/R# 

MIlO 

A23-A 1, BLE# 

D/C# 

BHE 

DPH, DPL 

D15-DO 

ALE 

READY 

FIGURE 12-60. 80386SX - MISCELLANEOUS TIMING 

Tx Tx 
cI>2 cI>1 

CPUCLK J\FU 
.~ 

HLDA 

~ :~T473 

FIGURE 12-61. 80386SX -INPUT SETUP AND 
HOLD TIMING 

Tx 
<Il2 <Ill 

Tx 

. . 

CPUCLK J\I\J' , , : . . 

j ~ ~ 

HOLD __ ----;-x'---_ 
FIGURE 12-62. 80386SX - OUTPUT DELAY 

TIMING 
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12.4 CACHE CONTROLLER TIMING 

CLK2 

NADS 

A23:1 
BHE,BLE 

MATCH1 :0 
NOE 

015:00 

NREADY 

NRASn 
NCASn 

DATAWE1:0 

TAGWE1:0 

NSTARTT 

NSTARTD 

RE4D HIT 
T1 T2 

CACHEEN = 1 & WPROTECT = 0 

T1 
REAP MISS 

: T2 

\ VALID: 

\ 

D 
i \ 

T2 

I 

\ 

FIGURE 12·63. READ HIT/READ MISS CYCLE 
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ClK2 

NAOS 

A23:1 
BHE,BlE 

MATCH1:0 

NOE 

015:00 

NREAOY 

NRASn 
NCASn 

T1 
WRI~E HIT 

; T2 
WRITE MISS 

! T2 T2 T2 TI T1 

VALID j 

~ __ ~,~~======~j;V_Al_I_O __ ~ __ ~L_~====V=A=l=IO~~ ___ ~ ___ ~: 
: i I'------+-_---+'U i 1'---_----; 

n 
OATAWE1:0 l------i--...,---l--~=:::t;! I;:::::==----~----_i_-~==!===-~ 
TAGWE1:0 

NSTARTT 

NSTARTD 

! I 
1 I 11 L-______ "-' 

CACHEEN = X & WPROTECT = 0 

FIGURE 12-64. WRITE HIT/WRITE MISS CYCLE 
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CLK2 

NAOS 

A23:1 
BHE.BlE 

MATCH1:0 

015:00 

NRASn 

NCASn 

NOWE 

NMEMW 

IOCHROY 

NSTART 

Th Th 

WD771 OIWD771OLP 

Th Th Th Th Th 

VALID: MATCH ~ON ONE SET 

VALID ~ 

FIGURE 12-65. DMA/MASTERMEMORY WRITE.HIT CYCLE 
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ClK2 

NAOS 

A23:1 
BHE,BlE 

MATCH1:0 

015:00 

NRASn 

NCASn 

NOWE 

NMEMW 

IOCHROY 

NSTART 

Th 

AC OPERATING CHARACTERISTICS 

Th Th Th Th Th Th 

VALID! 

VALID : 

FIGURE 12-66. DMAIMASTER MEMORY WRITE MISS CYCLE 
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ClK2 

ClK 

NADS 

NSTART 

MATCH 

DO:15 

CPUDATA 

VALID 

FIGURE 12-67. TAG RAM AND DATA RAM TIMING 
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INTRODUCTION 

1.0 INTRODUCTION 
The WD7910 is the second generation single chip 
AT solution based on the WD76C10A core. It is 
fabricated in 0.9 micron CMOS. The WD7910 
provides 8 Kbytes of direct-mapped or two-way 
set associative lookaside caching, a page-inter
leaved memory controller, and enhanced power 
management features. Figure 1-1 shows the block 
diagram of the WD791 O-based system. 

The standard version of the WD7910 operates 
from 5 VDC (±10%) supplies. An extended low
power version, the WD7910lP, can operate with 
3.3 VDC (±0.3V) or 5 VDC (±0.5V). 

1.1 DOCUMENT SCOPE 

This document describes the function and operation 
of the WD791 0 and WD791 OlP System Controller 
devices. It includes the description of external 
logic necessary for efficient use of these devices. 
In most instances the WD7910 and WD7910lP 
operate similarly and are referred to in this docu
ment as the System Controller. Where there are 
differences, the devices are identified specifically. 

1.2 FEATURES 

• Software compatible with WD76C10A 

• 8Kbyte on-chip cache for 80386SX 

- Direct map or 2 way set-associative 

- Self timed Integrated RAM arrays 

- Programmable non-cacheable regions 

- Diagnostic mode to test Tag and Data 
Ram 

- Flush command 

- 25 Mhz zero wait state cache hit 

• ROM may be shadowed and/or cached 

• Supports Static CPU for power savings in 
sleep mode 

WD7910IWD7910LP 

• Supports extra wait state for page mode 

• Supports VlBI for high-speed video access 

• Operates at speeds of 16 MHz, 20 MHz and 
25 MHz. 

• Interfaces with 80286, or 80386SX CPUs. 

• Supports memory in four banks with 64 Kbits, 
256 Kbits, 1 Mbits or 4 Mbits DRAMs. Also 
supports new 512k x 8,1 M x 16 and 2M x 8 
DRAM configurations. 

• Page mode zero wait state access at 25 MHz 
with 70 ns DRAM. 

• Supports up to 16 Mbyte of real memory, or 32 
Mbyte of EMS memory. 

• Maintains controlled propagation delay for 
80386SX reset. 

• Employs an internal self-tuning delay line for 
DRAM control. 

• Self-adjusting output drivers minimize output 
rise/fall time variations and reduces EMI and 
ground noise. 

• DRAM address multiplexer drives 350 pF with 
adjustable strength drivers. 

• Main and VGA BIOS may be mapped into one 
physical PROM. 

• Advanced 64 Kbyte and 128 Kbyte ROM 
shadowing allows main BIOS and video BIOS 
shadowing along with 320 Kbyte and 256 
Kbyte remap to extended or expanded memory. 

• Offers additional power saving modes: 

- Slow Refresh 

- Stop DMA Clock 

• Parity generation and checking. 

• 160-pin PQFP package 

• 3.3V low power operation 

• I/O Pin mapping for testability 

• low power 0.9 micron CMOS technology. 
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Additional features of WD7910LP only: 
• Supports System Management Interrupt (SMI)· 

• Provides I/O trapping 

• Provides System Activity Monitor (SAM). 

• Provides power control with suspend and 
resume. 

• Provides processor stop clock. 

• Features CAS before RAS slow refresh for 
portable applications. 

• Offers automatic processor clock speed 
switching. 

• 3V Suspend to hard disk 

1.3 GENERAL DESCRIPTION 

The WD7910 is designed for use in a high perfor
mance d~sktop AT computer using an 80286 or 
80386SX processor up to 25 MHz. The 
WD7910lP has the features of the WD7910 and 
is designed to operate in a high-performance 
notebook/laptop AT compatible computer using an 
80286 or 80386SX processor. 

1.3.1 WD7910 

The WD7910 contains a high performance memory 
controller with programmable modes of operation. It 
supports non-page, zero wait state read and write 
memory control. A maximum of four banks of 64 
Kbit, 256 Kbit, 1 Mbit, 4 Mbit or 16 Mbit DRAM may 
be controlled, allowing up to 16 Mbytes of real or 32 
Mbytes EMS (Expanded Memory Specification) 
memory. Any combination of DRAM sizes may be 
used. In addition, the WD7910 controls page mode 
DRAM or static column DRAM with page mode 
operation. 

The on-board memory can be allocated either 
to extended or EMS memory in 128 Kbyte in
crements. Forty EMS registers support EMS 4.0 
multitasking. 

INTRODUCTION 

An internal self-tuning delay line is used for DMA 
and Bus Master memory cycles. Delay line infor
mation is also used to adjust the strength of the 
output drivers. This stabilizes the output rise and 
fall times, which reduces ground noise and 
electromagnetic interference (EM I). 

EMS access to external RAM or ROM may be 
used to support Kanji or other extended character 
sets. 

The WD7910 interfaces with either an 80286 or 
80386SX processor. The processor type is auto
matically sensed at power-up. No extra logic is 
required to interface with the 80386SX. The varia
tion in processor reset propagation delay is con
trolled to meet the strict reset timing of the 
80386SX. 

1.3.2 WD7910lP 

In addition to supporting all the features of the 
WD7910, the WD7910lP also supports portable 
notebook/laptop computers. To provide this sup
port, the WD7910lP makes use of Power 
Management Control (PMC) for powering down 
peripherals or the processor, which includes 
processor stop clock, slow clock, automatic 
processor clock speed switching modes and CAS 
before RAS slow refresh. Suspend and resume is 
supported when low power DRAM is refreshed 
while the processor and other power consuming 
devices are turned off. The power drain for the 
core logic and VGA controller is less than 5 mA in 
this mode. Power and clock speed may be con
trolled by the keyboard processor, transparently to 
the 80286 or 80386SX. 

The System Activity Monitor (SAM) provided by 
WD7910lP is a transparent feature that replaces 
the functions previously performed by software. It 
determines when the system has been idle for a 
previously programmed period of time and deter
mines a clean break point in which to perform 
powerdown activities such as suspend. 

The WD7910lP also supports System Manage
ment Interrupt (SMI) with complete I/O trapping of 
up to six separate I/O ranges. 
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WD7910/WD7910LP ARCHITECTURE 

2.0 ARCHITECTURE 
All versions of. the System Controller are com- 2.2 AT BUS 
prised of eight major blocks: 

• Initialization and clocking 

• AT bus 

• 80286/80387SX processor control 

• 80287/80387SX numeric processor 
control 

• Databus 

• Memory and EMS control 

• Power Management Control 
(WD791 OlP only) 

• Register File 

• Video local Bus Interface (VlBI) control 

• Cache control 

Sections 2.1 through 2.1 0 provide an overview of 
these blocks and are described in more detail in 
sections 4 through 11. 

2.1 INITIALIZATION AND CLOCKING 

At power up, the System Controller receives the 
RSTIN signal, which it uses to reset the AT bus 
and assert CPU RES and NPRST to reset the 
main and numeric processors. The processor 
and AT bus resets are held fo~rocessor 
clocks beyond the removal of the RSTIN signal. It 
is at this time that the type of processor in use 
(80286, 80287 or 80386SX, 80387SX) is deter
mined by examining the S1 [W/R#] signal. 

ClK14 is a 14.318 MHz clock for the 8254 
compatible timers and is switched by the 
WD76C20 to 32 KHz during a suspend and 
resume operation. 

The AT bus provides the logic necessary to control 
the system clock, memory read and write access, 
I/O read and write cycles, data bus direction, data 
and interrupt requests and speaker driver. 

2.3 MAIN PROCESSOR CONTROL 

At the termination of reset, this block determines 
whether the local processor is an 80286 or 
80386SX by examining the S1 [W/R#] signal. This 
block also controls whether the CPUClK is to be 
an input or output. While both devices have the 
ability to reduce the processor clock rate, only the 
WD7910lP has the ability to stop the clock to the 
processor. The WD7910lP also has the ability to 
power down the processor, at which time it tris
tates the CPUClK, READY, HOLD, INTRQ and 
NMI signals. 

2.4 NUMERIC PROCESSOR CONTROL 

Both System Controllers support an 80287 or 
80387SX processor. 

2.5 DATA BUS 

The Data Bus is a 16-bit (two bytes) bidirectional 
bus that connects to the processor's, System 
Controller, DRAM, and to AT data bus 
transceivers. The parity of each DRAM byte is 
indicated by DPl and DPH. 

BClK2 is used to generate an 8 MHz or 10 MHz 
bus clock and may also be used as the source for 2.6 MEMORY AND EMS CONTROL 
the main processor clock, CPUClK. 

This block controls the access to 16 Mbytes of 
real memory or 32 Mbytes of expanded memory. 
Both versions of the System Controller supports 
non-page mode memory and independent two
way interleave page mode access to the DRAM 
banks. 
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2.7 POWER MANAGEMENT CONTROL 

The Power Management Control (PMC) is internal 
logic which interfaces with external multiplexers 
and latches. Only the WD7910lP makes full use 
of the PMC. It has the ability to power down only 
the main processor or the main processor and 
peripherals, conserving power essential to portable 
notebook/laptop computers. When in a power 
down state, the WD791 OlP tristates the CPUClK, 
READY, HOLD, INTRQ and NMI output signals to 
the main processor. Also contained within this 
functional block are the SMI and SAM logic. 

2.B REGISTER FILE 

The register file provides software control of the 
interface signals. The function of each register is 
described in the same section as the logic block 
which it controls. Some registers, such as the Bus 
Timing and Power Down Control Register at Port 
1872H, serve more than one area. In this in
stance the register description appears only in 
one section but is referred to in all appropriate 
sections. 

The registers, and the section in which they are 
described, are listed in Table 2-1. 

In most cases, the registers are addressed by all 
16 address bits, A 15 through AOO. Within the 
text, when the address is expressed as a three 
digit number, i.e., 092H - AlT A20 GATE and 
HOT RESET, only address bits A09 through AOO 
are used, A15 through A10 are ignored. If the ad
dress is expressed as a four digit number, all 16 
address bits are used. 

With the exception of the EMS Registers at port 
E072H and E872H and Port 70H Shadow 
Register at E472H, all registers located at Ports 
1072H through FC72H are locked and inacces
sible until unlocked by performing an eight bit I/O 
write of DA to the lock/Unlock Register at Port 
F073H. Writing anything other than DA locks the 
registers. The lock/unlock status can be deter
mined by reading the lock/Unlock Status Register 
at Port FC72H twice. If the T bit (bit 15) toggles, 
the registers are unlocked. If the registers are 
locked, the read cycle is directed to the AT bus, 
and the data is undetermined. 

WD7910IWD7910LP 

2.B.1 Lock Status Register 

Port Address FC72H - Read only 

Bits 11 through 03 are particularly useful in laptop 
applications by allowing the suspend/resume 
software to restore correct status to on-board 
devices. 

15 14 1 131 12 111 10 1 09 1 OB 

T Not Used DMA#2 

CH31cH21cH11cHO 

07 I 06 I 05 I 04 03 02 I 01 I 00 

DMA#1 P4 Not Used 

CH31CH2 1CH11CHO 

Signal Default 
Name AtRSTIN 

All Signals ............. None 

Bit 15 - T, Toggle 

Changes state after every read of this port. 

Bits 14-12 - Not used, state is ignored 

Bits 11.-0B - DMA #2, Channel Enable 

This field represents th,e state of the Enable 
Bit (Mask) for channels 3 through 0 of DMA 
Controller #2. For a description of the Mask 
Registers, refer to section 5.4.11. 

1 = Channel enabled 

o = Channel disabled 

Bits 07-04 - DMA #1, Channel Enable 

This field represents the state of the Enable 
Bit (Mask) for channels 3 through 0 of DMA 
Controller #1. For a description of the Mask 
Registers, refer to section 5.4.11. 

1 = Channel enabled 

o = Channel disabled 

Bit 03 - P, Parallel Port Direction 

The P bit represents the state of the Direction 
Bit (bit 5) of the parallel port Write Control 
Register. For a description of this bit, refer to 
the WD76C30 Data Book, section 4.3 

Bits 02-00 - Not used, state is ignored 
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2.8.2 Lock/Unlock Register 

Port Address F073H - Write only 

15 14 13 112 111 1101 09 I· 08 

Not Used 

07 06 -5 1 04 1 031 02 01 00 

Signal··· 
Name 

All signals 

UUl= DA-

Default 
At RSTIN 

. None 

Bits 15'()8 - Not used, state is ignored 

Bits 07'()0 • LJUL, lock/Unlock 

UUl= DA-
11011010 unlocks the registers, allowing 
read and write access to the registers. 
Refer to. Table 2-1 for the registers 
capable of being locked. 

UUl""DA-
Anything other than 11011010 locks the 
registers .. Any attempt to access a locked 
register 1/0 port address goes to the AT 
bus rather than the locked register. 

ARCHITECTURE 

2.9 VLBI Control 

The Video local Bus Interface (VlBI) control is 
internal logic which interfaces with the WD90C56 
VlBI controller. It has the ability to determine 
whether the current CPU cycle should be 
processed by the WD90C56 or the WD791 OlP. 

2.10 Cache Control 

This functional block contains the 8Kbyte in
tegrated cache (both tag and data RAM) as well 
as cache control logic. 
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SMI 
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BHE 
SMI CONTROL INTERRUPT lOR -lOW 
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FIGURE 2-1. WD791 0 AND WD7910LP BLOCK DIAGRAM 
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PORT LOCK! 
ADDRESS REGISTER NAME UNLOCK SECTION 

(HEX) 

000 - OOF (j) DMA Control #1 (Channel 0:3) No 5.4,5.6, 
020 - 021 @ Interrupt Controller #1 No 5.5 
040 Timer 0, Time Of Day No 5.7 
041 Timer 1, Refresh No 5.7 
042 Timer 2, Speaker No 5.7 
043 Control Word No 5.7 
060 - 06E even Keyboard Controller No 8.5, Table 8-1 
061 - 06F odd Port B Parity Error And I/O Channel Check No 5.9 
070 - 07E even Real-Time Clock Address Register No 5.8.1 
071 - 07F odd Real-Time Clock Data Register No 5.8.2 
080 - 09F (except 092H) DMA Page Registers No 5.6.4 
092 AL T A20 Gate and Hot Reset No 5.8.3 
OAO- 0A1 @ Interrupt Control Slave #2 No 5.4,5.6 
OCO - ODE (j) DMA Control #2 (Channel 4:7) No 5.4 
OOFO Clear 287 Busy No 5.3.2 
00F1 Reset 287/387SX No 5.3.3 
1072 CPU Clock Control Yes 4.2.4 
1872 Bus Timing And Power Down Control Yes 5.3.1 
2072 Refresh Control, Serial And Parallel Chip Selects Yes 8.1 
2872 Chip Selects Yes 8.2 
3072 Programmable Chip Select Address Yes 8.3 
3872 Memory Control Yes 6.2.1 
3C72 DMA Shadow Register 1 Yes 9.14 
4072 Non-page Mode DRAM Memory Timing Yes 6.3.1 
4472 DMA Shadow Register 2 Yes 9.14 
4872 Bank 1 And Bank 0 Start Address Yes 6.2.2 
4C72 DMA Shadow Register 3 Yes 9.14 
5072 Bank 3 And Bank 2 Start Address Yes 6.2.2 
5872 Split Start Address Yes 6.2.3 
5C72 Programmable CS2 and CS3 Control Register Yes 10.11 
6072 RAM Shadow And Write Protect Yes 6.2.4 
6472 Programmable CS2 Address Register Yes 10.11 
6872 EMS Control And Lower EMS Boundary Yes 6.4.1 
6C72 Programmable CS3 Address Register Yes 10.13 
7072 PMC Output Control 7:0 Yes 9.3 
7472 DRAM Size and SMI RAM Register Yes 10.14 
7872 PMC Output Control 15:8 Yes 9.3 
7C72 SMI I/O Trap Control Register Yes 10.2 
8072 PMC Timers Yes 9.4 
8872 PMC Inputs 7:0 Yes 9.5 
8C72 I/O Data/Memory Address Capture Register low Yes 10.4 
9072 NMI Status Yes 9.7 
9472 I/O Data/Memory Address Capture Register High Yes 10.7 
9872 Diagnostic Yes 11.1 
9C72 SMI I/O Timeout Control Register Yes 10.5 
A072 Delay line Yes 11.2 

TABLE 2-1. REGISTER INDEX 
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PORT LOCK! 
ADDRESS REGISTER NAME UNLOCK SECTION 

(HEX) 

A472 SMI I/O Timeout Count Register 1 Yes 10.8 
A872 Test Enable Yes 11.3 
AC72 SMI I/O Timeout Count Register 2 Yes 10.9 
8072 Activity Monitor Control Yes 9.11 
8872 DMA Control Shadow Yes 5.4.15 
C072 High Memory Write Protect Boundary Yes 6.2.5 
C872 PMC Interrupt Enables Yes 9.6 
D072 Serial/Parallel Shadow Register Yes 9.8 
D472 Interrupt Controller Shadow Yes 9.9 
D872 Activity Monitor Mask Yes 9.12 
DC72 Test Status Yes 11.4 
E072 EMS Page Register Pointer No 6.4.2 
E472 Port 70H Shadow .. No 9.10 
E872 EMS Page Register No 6.4.3 
F072 48 MHz Oscillator Disable Yes 8.5, Table 8-1 
F472 48 MHz Oscillator Enable Yes 8.5, Table 8-1 
F872 Cache Flush Yes 8.4 
FC72 Lock Status Yes 2.8.1 
F073 Lock/Unlock No 2.8.2 

(j) See Table 5-4. DMA Controller/Channel Function Map 
® See Table 5-6. Interrupt Controller Function Map 

TABLE 2-1. REGISTER INDEX (cont.) 
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3.0 SIGNAL DESCRIPTION 
The signals are listed according to their pin according to their application and described in 
number in Table 3-1. The signals are grouped Table 3-2. 

PIN NAME PIN NAME PIN NAME PIN NAME 
1 CLK14 41 PDREF 81 DROIN 121 CLKA 
2 NPBUSY 42 PMCIN 82 IOCHRDY 122 CPUCLK 
3 BLE 43 WNRDRAM 83 ZEROWS 123 BUSYCPU 
4 A1 44 CASHO 84 IOCS16 124 NMI 
5 NC 45 NC 85 A20GATE 125 NA 
6 A20 46 CASLO 86 MEMCS16 126 INTRO 
7 A19 47 RASO 87 SPKR 127 DO 

--
8 A18 48 CASH1 88 SAO 128 D1 
9 A17 49 CASL1 89 LA20 129 D2 

-10 NC 50 NC 90 KEN 130 VSS 
11 A16 51 RAS1 91 MASTER 131 D3 
12 A15 52 RA10 92 ALE 132 D4 
13 A14 53 RA9 93 AEN 133 D5 
14 A13 54 RA8 94 SDEN 134 D6 
15 NC 55 NC 95 LBRDY 135 VSS 
16 A12 56 VSS 96 SDTR 136 D7 
17 A11 57 RA7 97 VCC 137 D8 
18 VSS 58 RA6 98 REFRESH 138 D9 
19 VSS 59 VSS 99 VSS 139 D10 
20 RA11 60 NC 100 LB 140 NC 
21 A10 61 RA5 101 EPEREO 141 VSS 

--22 VCC 62 VCC 102 PRST 142 D11 
--

23 A9 63 RA4 103 LOMEG 143 VCC --24 A8 64 RA3 104 MEMW 144 D12 
25 NONCAC 65 NC 105 SMI 145 NC 
26 A7 66 VSS 106 MEMR 146 D13 
27 A6 67 RA2 107 lOW 147 D14 
28 A5 68 RA1 108 lOR 148 D15 
29 A4 69 RAO 109 BHE 149 DTR 
30 FLUSH 70 NC 110 SMIRDY 150 VSS --31 A3 71 CASH2 111 NPERR 151 DEN1 
32 A2 72 CASL2 112 DNC 152 DENO 
33 IROSET1 73 RAS2 113 MIO 153 SYSCLK 
34 I ROSETO 74 CASH3 114 ADS 154 CPURES 
35 MXCTLO 75 CASL3 115 SMIADS 155 BALE 
36 NC 76 NC 116 WNR 156 NC 

--37 MXCTL1 77 RAS3 117 READY 157 A23 
38 MXCTL2 78 DPH 118 HLDA 158 A22 
39 CSEN 79 DPL 119 HOLD 159 A21 
40 DACKEN 80 RSTIN 120 BCLK2 160 lOCK 

TABLE 3-1. PIN ASSIGNMENTS 
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SIGNAL DESCRIPTION 

DRaiN 
IOCHRDY 
ZEROWS
IOCS16-

A20GATE 
MEMCS16-
SPKR 
SAO 
LA20 
KEN
MASTER
ALE 
AEN 
SDEN
LBRDY
SDTR 
VCC 
REFRESH
VSS 
LB
EPEREO 
PRST
LOMEG
MEMW
SMI
MEMR
IOW-
IOR-
BHE
SMIRDY
NPERR
DNC 
MIO 
ADS
SMIADS
WNR 
READY

HLDA 
HOLD 
BCLK2 

WD 7910lP 

160 PIN QFP 

FIGURE 3-1. WD791 0 PINOUT DIAGRAM 
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WD7910/WD7910LP SIGNAL DESCRIPTION 

PIN MNEMONIC 1/0 DESCRIPTION 

INITIALIZATION AND CLOCKING 

1 CLK14 I Clock 14 
CLK14 is derived from a 14.318 MHz crystal and is used internally for 
the 8254 compatible timers. CLK14 is externally switched to 32 KHz 
during a suspend and resume. 

80 RSTIN I System Reset In 
RSTIN drives a CMOS input level Schmitt Trigger and is used to 
reset the entire system at powerup. For a detailed description, see 
Section 4, Initialization and Clocking. 

120 BCLK2 I Bus Clock 
BCLK2 is used to generate an 8 MHz or 10 MHz expansion bus 
clock. For an 8 MHz bus, BCLK2 is a 16 MHz or 32 MHz input sig-
nal. For a 10 MHz bus clock, BCLK2 is a 20 or 40 MHz input signal. 
BCLK2 may also be used to drive the processor clock. 

121 CLKA I Clock A 
Source for CPU clock. 

ATBUS 

33 IRQSET1 I Interrupt Request Set 1 
IRQSET1, along with MXCTL2 - 0, selects one of the of the follow-
ing: A20GT, IRQ1, IRQ3 -IRQ7, IRQ12. Refer to Table 5-1 and Fig-
ure5-1. 

34 IRQSETO I Interrupt Request Set 0 
IRQSETO, along with MXCTL2 - 0, selects one of the following: 
ROM8, RESCPU, IRQ8, IRQ9 - IRQ11, IRQ14 and IRQ15. Refer to 
Table 5-1 and Figure 5-1. 

35,37,38 MXCTL2:0 0 Multiplexer Control 2-0 
MXCTL2 - MXCTLO, along with DRQIN, DACKEN, IRQSET1, 
IRQSETO and PMCIN, control the external multiplexer for the selec-
tion of DRQs, DACKs, IRQs, ROM8, A20GT and RESCPU. Refer to 
Table 5-1 and Figure 5-1. 

39 CSEN 0 Chip Select Enable 
When CSEN is asserted, DPH, DPL, and RA10-RA8 are used to 
generate one of 28 different chip selects. Refer to Table 8-1. 

40 DACKEN 0 DACK Enable 
When DACKEN is asserted, MXCTL2-0 are used to generate 
DACK7-5, 3-0 and BUS_RST. Refer to Table 5-1 and Figure 5-1. 

81 DRQIN I Multiplexed DRO Inputs 
DRQIN, along with MXCTL2 - 0, selects one of the DRQs or 
CLOCK_DIR_IN. Refer to Table 5-1 and Figure 5-1 

82 10CHRDY 1/0 1/0 Channel Ready 
Indicates extra wait states are required for the AT bus cycles. 

TABLE 3-2. SIGNAL DESCRIPTION 
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SIGNAL DESCRIPTION WD7910/WD7910LP 

PIN MNEMONIC I/O DESCRIPTION 

83 ZEROWS I Zero Wait States 
Indicates the current AT bus cycle can be finished in zero wait state. 

84 IOCS16 I 16-Bit I/O Cycle 
Inicates the I/O device on the AT bus is a 16-bit slave. 

86 MEMCS16 I 16-Bit Memory Cycle 
Indicates that the memory device on the AT bus is a 16-bit slave. 

87 SPKR 0 Speaker 
SPKR drives the speaker transistor. 

88 SAO I/O System Address 0 
When not in Master Mode, SAO is an output and is asserted by the Sys-
tem Controller to place address 00 on the AT Bus SAO line When in 
Master Mode, SAO is an input and is asserted by the Bus Master to 
place address on AO. 

89 LA20 I/O Early Address 20 
When not in Master Mode, LA20 is an output and is asserted by the 
System Controller to place address 20 on the AT Bus LA20 line. 
When in Master Mode, LA20 is an input and is asserted by the Bus 
Master to place address on A20. 

91 MASTER I Master 
MASTER is asserted by the Bus Master to indicate that a B~ 
Master cycle is occurring. This causes LA20, SAO, MEMR, MEMW, 
lOR, and lOW to be selected as input signals. 

92 ALE 0 Address Latch Enable 
ALE is used to clock the SA 1 - SA 19 address latches. 

93 AEN 0 Address Enable 
AEN is asserted by the System Controller while performing DMA 
and Refresh cycles. 

94 SDEN 0 Swap Data Enable 
SDEN enables the data transfer between high and low bytes of the 
AT Bus. 

96 SDTiR I/O Swa~Data Transmit/Receive 
SDT/R controls the direction ~ the buffer between the low byte and 
high byte of the AT bus. SDT/R is tristated by a 50K pullup resistor 
intern~1 to the WD791 0 when RSTIN at pin 80 is low. 
SDT/R Mod~ - Output 
When SDT/R is high, it direc~ data from the low byte of the AT Bus 
to the high byte. When SDT/R is low, it directs d~a from the ~ 
byte of the AT bus to th~ low byte. Forcing SDlIR high while RSTIN 
is low selects the SDT/R_mode. Holding SDT/R high as RSTIN goes 
high maintains the SDT/R mode. 

TABLE 3-2. SIGNAL DESCRIPTION (Continued) 
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WD7910/WD7910LP SIGNAL DESCRIPTION 

PIN MNEMONIC I/O DESCRIPTION 

98 REFRESH 110 Refresh 
As an output, REFRESH is asserted by the System Controller to 
refresh memory on the AT Bus. 
As an input, REFRESH is asserted by the Bus Master in conjunc-
tion with MEMR to refresh memory on the AT Bus and DRAM con-
trolled by the System Controller. 

103 LOMEG 0 First Megabyte 
LOMEG is asserted when the AT bus address is below 
1 Mbyte. 

104 MEMW 110 Memory Write 
MEMW is an output and it is asserted by the System Controller 
when a memory write access to the AT bus is to take place. It is an 
input during Master mode. 

106 MEMR 1/0 Memory Read 
MEMR is an output and it is asserted by the System Controller 
when a memory read access to the AT bus is to take place. It is an 
input during Master mode. 

107 lOW 110 1/0 Write 
lOW is an output and it is asserted by the System Controller 
during processor or DMA access to indicate that an I/O write opera-
tion is to take place on the AT bus. lOW is an input during Master 
Mode. 

108 lOR 110 1/0 Read 
lOR is an output and iit s asserted by the System Controller during 
processor or DMA access to indicate that an 1/0 read operation is to 
take place on the AT bus. lOR is an input during Master Mode. 

149 DT/R 0 Data Transmit/Receive 
DT/R cont!:9ls the direction of the AT Data Bus 000 through D15. 
When DTIB. is high, data is directed to the AT Bus. 
When DT/R is low, data is transferred from the AT bus. 

151 DEN1 0 Data Bus Enable 1 
When asserted, DEN1 enables the high order byte data buffer. 

152 DENO 0 Data Bus Enable 0 
When asserted, DENO enables the low order byte data buffer. 

153 SYSCLK 0 System Clock 
In asynchronous bus mode, SYSCLK is equal to BCLK2 divided by 
two when BCLK2 is less than 28 MHz, and divided by four when 
BCLK2 is greater than 28 MHz. 
In synchronous bus mode, SYSCLK is equal to CPUCLK divided by 
two or four, depending on the programming. 

TABLE 3-2. SIGNAL DESCRIPTIONS (Continued) 
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SIGNAL DESCRIPTION WD7910IWD7910LP 

PIN MNEMONIC 1/0 DESCRIPTION 

155 BALE 0 AT Bus Address Latch Enable 
Address Latch Enable for the AT bus. BALE is synchronous with 
the Bus Clock (BCLK2). 

160 lOCK I 1/0 Channel Check 
When asserted, lOCK indicates a bus or memory error is on the AT 
bus and generates an NMI to the processor. 

MAIN PROCESSOR CONTROL 

95 LBRDY I Local Bus Ready 
Local bus cycle ready signal 

100 LB I Local Bus 
Local bus cycle request signal 

105 SMI 1/0 SMI Request 
SMI request to the processor. 

109 BHE 1/0 Bus High Enable 
As an input, BHE indicates a transfer of the high byte on the proces-
sor data bus. BHE is an output during DMA transfers. 

110 SMIRDY 0 SMI Ready 
SMI Ready signal to the processor 

112 DNC I Processor DNC signal. 

113 MilO I Memory or 1/0 
Processor Memory cycle or 1/0 Status cycle. 

114 ADS I ADS signal from the processor. 

115 SMIADS I SMIAddress 
SMIADS signal from the processor. 

116 WINR I When WINR is high, a write to memory occurs; when low, a read 
from memory occurs. 

117 READY 0 Processor Ready 
READY is an output to the processor 

118 HLDA I Hold Acknowledge 
Processor hold acknowledge. 

119 HOLD 0 Hold Request 
Processor hold cycle request. 

122 CPUCLK 1/0 Processor Clock 
CPUCLK speed and whether it is to be an input or output, is 
selected by the CPU Clock Control Register at Port Address 1072H. 
It is normally selected as an output to drive the processor but may 
be selected as an input from an external processor clock driver. 

TABLE 3-2. SIGNAL DESCRIPTIONS (Continued) 
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WD7910/WD7910LP SIGNAL DESCRIPTION 

PIN MNEMONIC I/O DESCRIPTION 

124 NMI 0 Non-maskable Interrupt 
Processor non-maskable interrupt cycle request. 

125 NA 0 Next Address 
Next address request to the processor. 

126 INTRQ 0 Interrupt Request 
Processor interrupt cycle request. 

154 CPU RES 0 Main Processor Reset 
CPU RES is a synchronous processor reset signal. 

157-159, A23:1, I/O Processor Address A23-AOO[BLE] 
6-9, BLE A23 through A 1 are address lines from the 80286 or 80386SX. 
11-14,16, 
17,21,23, 
24, 
26-29,31, 
32,4,3 

NUMERIC PROCESSOR CONTROL 

2 NPBUSY I Numeric Processor Busy 
Busy signal from the numeric processor 80287 or 80387SX. 

101 EPERQ 0 Extend PERQ 
PERQ extend signal to the 80386SX for IRQ13 handling. Used only 
for the 80386SX. 

102 NPRST 0 Numeric Processor Reset 
Reset to the numeric processor 80287 or 80387SX. 

111 NPERR I Numeric Processor Error 
Error signal from the numeric processor 80287 or 80387SX. 

123 BUSYCPU 0 Coprocessor Busy 
Coprocessor Busy signal to the processor. 

DATA BUS 

78 DPH[CS4] I/O Data Parity High Byte [Chip Select 4] 
For DRAM cycles, DPH is the high byte parity bit. For I/O cycle, 
CS4 is bit four of the encoded chip select bus. 

79 DPl[CS3] 110 Data Parity Low Byte [Chip Select 3] 
For DRAM cycles, DPL is the low byte parity bit. For I/O cycle, CS3 
is bit three of the encoded chip select bus. 

TABLE 3-2. SIGNAL DESCRIPTIONS (Continued) 
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SIGNAL DESCRIPTION WD791 O/WD791 OLP 

PIN MNEMONIC I/O DESCRIPTION 

148-146, 015-013 I/O Data Bits 15 through 0 
144,142, 012,011, The Data Bits are connected directly to the Local and Numeric 
139-136, 010-07 processors, DRAM data and AT Bus data transceivers. 
134-131, 06-03 
129-127 02-00 

MEMORY AND EMS CONTROL 

25 NONCAC I Noncacheable 
External noncacheable signal. 

30 FLUSH 0 Flush 
Flush signal to external cache controller. 

43 NWR 0 Write Not Read 
Write Not Read signal to DRAM. 

20 RA11 0 DRAM Address Bits 11 through 8 
52 RA10/CS2 Chip Select Bits 2 through 0 
53 RA9/CS1 The DRAM Address Bus is multi-functional. During DRAM cycles, 
54 RA8/CSO RA11 through RAO select the DRAM row and column. 

57 RA7/ED7 I/O DRAM Address Bits 7 through 0 
58 RA6/ED6 EDATA Bits 7 through 0 
61 RA5/ED5 During I/O cycles, CS2 through CSO, along with CS4 and CS3, are 
63 RA4/ED4 decoded by external logic to one of 32 possible Chip Selects. ED7 
64 RA3/ED3 through EDO represents the data from such devices as the Key-
67 RA2/ED2 board Controller on the EDATA bus. 
68 RA1/ED1 
69 RAO/EDO 

77 RAS3 0 Row Address Select Bits 3 through 0 
73 thru RAS3 through RASO are designed to access the DRAM without the 
51 RASO use of external drivers. 
47 

74 CASH3 I/O CASH3 [CAS IN] is tristated by a 50K pullup resistor internal to the 
[CASIN] WD76C1 OA when RSTIN at pin 17 is low. 

71 CASH2 0 CAS Output Mo~ 
48 CASH1 0 CASH3 through CASHO operate as output signals and are designed 
44 CASHO 0 to accessthe DRAM without the use of external drivers. Forcing 

CASH3[CASIN] high while RSTIN is low, selects the CASH3 Output 
Mode. Holding CASH3[CASIN] high as RSTIN goes high, maintains 
the CASH3 Output Mode. 

75 CASL3 0 Column Address Select Low 3 through 0 
72 thru CASL3 through CASLO are designed to access the DRAM without 
49 CASLO the use of external drivers. 
46 

85 A20GATE 0 A20 Gate 
A20 Gate signal to external cache controller 

TABL 3-2. SIGNAL DESCRIPTIONS (Continued) 
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WD7910/WD7910LP SIGNAL DESCRIPTION 

PIN MNEMONIC 1/0 DESCRIPTION 

90 KEN 0 Cache Enable 
Noncacheable signal to external cache controller. 

POWER MANAGEMENT CONTROL 

41 NPDREF I Power-down Refresh 
NPDREF is a 64 KHz signal from the WD7910. During power-
down, NPDREF is passed internally to pin 98 (REFRESH). 

42 PMCIN I Power Management Control Input 
PMCIN is used to sample eight PMC inputs. See Table 5-1 and Fig-
ure 5-1. 

MISCELLANEOUS 

18,19, VSS I Ground 
56,59, 
66,99, 

141 

22,62, VCC I +5 Volts 
97, 143 

TABLE 3-2. SIGNAL DESCRIPTIONS (Continued) 
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INITIALIZATION AND CLOCKING 

4.0 INITIALIZATION AND CLOCKING 
This section describes the system Master Reset 
(RSTIN) operation, control of internal clock 
(CLK14), bus clock (SYSCLK) and the processor 
clock (CPUCLK). 

4.1 POWER UP RESET 
~~~ 

The system reset signal, NRSTIN, is generated 
externally at power up and is used to reset the 
entire system. When asserted, the System Con
troller outputs the CPURES signal to reset the 
Main Processor. At this time the System Control
ler also resets the AT bus by asserting DACKEN 
and MXCTL2-0 = 100, which are decoded exter
nally as BUS_RST (DACK4), see sections 5.1, 
5.1.1, Table 5-1 and Figure 5-1. An external RC 
circuit can be used to extend the time that RSTIN 
is asserted until the power supply reaches a 
proper level. GPURES and the AT bus reset sig
nals are de-asserted 84 clock pulses after RSTIN 
reaches its switching threshold. It is during the 
reset period that the type of processor is detected 
by examining the state of the S1 signal. If S1 is 
asserted, the System Controller enters the 
80386SX mode. If S1 is de-asserted, it enters the 
80286 mode. If an 80386SX has been detected, 
BUSYCPU is asserted so that the processor may 
perform its self-test operation immediately follow
ing the power up reset. 

4.2 CLOCKING 

The System Controller makes use of five clocks, 
CLK14, BCLK2, CPUCLK, CKA and SYSCLK. 
Figure 4-1 shows hc.,w the clocks interact with 
each other and the register used to select the 
clock and speed. 

4.2.1 Internal Clock (CLK14) 

CLK14 is an input signal from a 14.318 MHz 
crystal and is used for the control of the 8254 
compatible timers. CLK14 is switched by the 
WD7910 to 32 KHz during save and resume 
operations. 

WD791 OlWD791 OLP 

4.2.2 System Bus Clock (SYSCLK) 

The AT bus is driven by the SYSCLK, which is 
derived from either the BCLK2 or CPUCLK, as 
selected by the Bus Timing Register at Port 
Address 1872H. SYSCLK is always one half or 
one fourth the value of the selected input clock 
(refer to Figure 4-1). 

4.2.3 Processor Clock (CPUCLK) 

The processor clock may be an output or input, 
depending on whether the System Controller 
generates CPUCLK or an external oscillator is 
used. At speeds higher than 50 MHz, CPUCLK 
may need to be generated by an external oscil
lator, making it possible to control the processor 
duty cycle more closely. At lower speeds, the 
System Controller may use BCLK2 to generate 
CPUCLK or, in a system without discrete cache, 
the System Controller may use CKA to generate 
CPUCLK. 

During reset, CPUCLK is an output. 

If the CPUCLK is initially placed in the input 
mode, it may be changed to the output mode 
by writing to the PMC Control Register at Port 
Address 7872H. The PMC control output 0 tris
tates the external clock oscillator. A processor 
reset (CPU RES) is automatically generated 
during the clock switching process. 

When the CPUCLK is an output, it may be 
stopped by SCHH or SCH (CPU Clock Control 
Register - bits 01 or 00, at Port Address 1 072H) or 
divided down by CLK_SPD (bits 14-12). Only the 
WD7910LP supports the CPUCLK stop function. 
When CPUCLK is stopped, it is in phase two of 
the 80C286. CPUCLK is restarted by an NMI or 
IRQ interrupt, qualified by the normal NMI and 
IRQ masking circuitry or by an NMI generated 
PMC logic. 

There are two methods for slowing the processor 
execution rate to provide software compatibility 
with programs expecting a particular CPU speed, 
such as game software. One method is to divide 
the CPUCLK by a factor of 2,4 or 8. Dividing the 
clock rate may also have an effect on the CPU 
power consumption, so CLK_SPD also provides 
some choices of clock duty cycle. The other 
method can be used when the CPUCLK is an 
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FIGURE 4-1. CLOCK CONTROL 

output or input and generated by an external os
cillator. In this case, EXT_HOLD is used to extend 
the hold request time to the processor after every 
refresh. 

In a system without a cache or external memory 
controller, pin 51 can be defined as Clock A (CKA) 

and used in place of the BCLK2. This choice is 
determined by SRC (CPU Clock Control Register 
bit 15 at Port Address 1072H). SRC is set auto
matically at power up reset, if a clock source is 
present at pin 51 (CKA). 
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INITIALIZATION AND CLOCKING 

4.2.4 CPU Clock (CPUCLK) Control Register 

Port Address 1072H - Read and Write 

15 14 113 112 11 10 I 09 l08 

SRC CLK_SPD AUT_ ALT_CLK_SPD 
FST 

07 I 06 I 05 I 04 03 02 01 00 

EXT_HOLD SCHH SCH 

Signal Default 
Name At RSTIN 
SRC .................. 0/1 
ClK_SPD ............... 000/001 
AUT FSTt .............. 0 
AlT ClK SPD t . . . . . . 000 
EXTEND HOLD . . . . . . . .. .. 0000 
Bits 03, 02 . . . . . . . . . . .. . None 
SCH t . . . . . . . . . . . . .. . 0 
SCHH t ............. . 0 

t Featured only in the WD791 OLP 

Bit 15 - SRC, CPUCLK Clock Source 

When CPUCLK is selected as an output by 
bits 14 - 12, SRC determines whether it is to 
be driven by BCLK2 or CKA. 

Default Value 

SRC is set to 0 and BLCK2 is used 
as the CPUCLK clock source if CKA 
does not change state within 64 
clocks after RSTIN is de-asserted. 

SRC is set to 1 and CKA is used as 
the CPUCLK clock source if CKA 
changes state within 64 clocks after 
RSTIN is de-asserted, or when 
operating in the 80486 Mode. The 
8048~ Mode is selected by holding 
SDT/R low during RSTIN transition 
from low to high. 

SRC = 0-
BCK2 is the CPUCLK source. 

SRC = 1 -
CKA is the CPUCLK source. 

WD791 OIWD791 OLP 

Bits 14-12 - CLK_SPD, CPUCLK Clock Speed 

CLK_SPD determines whether CPUCLK is to 
be an input or output. When selecting 
CPUCLK as an output, CLK_SPD also deter
mines the divisor and duty cycle values. The 
CLK_SPD *defaults to 000 or 001 at power 
up. Changing the CPUCLK from an input 
(CLK_SPD = 000) to an output automatically 
asserts the processor reset (CPURES) and 
the CPUCLK Driver Enable from the PMC 
latch is forced low, tristating the external 
clock oscillator. One millesecond later, 
CPUCLK becomes active as an output. One 
millesecond and 16 CPUCLK clocks (or one 
millesecond) later, the CPU RES is de-as
serted. This method allows switching the 
clock source while tolerating glitches in the 
CPUCLK, generated due to the clock driver 
not being able to synchronously switch the 
clock. The one millesecond and 16 clocks or 
one millesecond selection is made through 
the Diagnostic Register at Port 9872H. 

CLK_SPD 
141312 

o 0 0 - CPUCLK pin is an input, 
speed determined by external 
driving source 
(* Default value). 

o 0 1 - CPUCLK pin is an output, 
source divided by 1 
(* Default value). 

o 0 - OUT, source divided by 2. 

o -OUT, source divided by 4, 
25% duty cycle. 

o 0 - OUT, source divided by 4, 
75% duty cycle. 

o -OUT, source divided by 8, 
12% duty cycle. 

o -OUT, source divided by 8, 
88% duty cycle. 

* Based upon the value of CLOCK_DIR_IN at 
power up (refer to Table 5-1, Figure 5-1 and 
section 5.1.2). 
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Bit 11 - AUT FST, Automatic Processor Clock 
Speed Switching 
Featured only in the W07910lP 

When automatic CPUClK switching is enabled, 
the. processor clock is switched between high 
and low clock speeds, depending upon activity. 
If the external TURBO signal is de-asserted 
when auto switching is enabled, the CPUClK 
is normally at the alternate clock or slower 
rate. When speedup activity occurs, the 
clock speed switches to the nominal clock 
rate, normally the higher, for a period of time 
determined by Table 4-2. When no further 
activity occurs, the clock speed switches 
back down to the alternate speed. If the ex
ternal TURBO signal is asserted, the clock 
rate is set to the nominal clock rate specified 
by the ClK_SPO field. 

A halt state also causes the clock rate to 
slow, unless the SCHH or SCH field is 
programmed to stop the clock. The clock 
restarts or returns to the faster rate when any 
interrupt occurs. 

Table 4-2 shows the activity that triggers a 
higher clock rate. 

AUT_FST = 0-
Automatic Clock Switching is disabled. 
TURBO determines whether ClK_SPO 
or AlT_ClK_SPO is to be used as the 
CPU clock. Refer to Table 4-1 for the 
appropriate selection, as determined by 
TURBO. 

AUTJST = 1 -

TURBO 

0 
0 
1 
1 

Automatic CPUClK Switching between 
ClK_SPO and AlT ClK_SPO is 
enabled when TURBO is de-asserted. 
ClK_SPO is selected when TURBO is 
asserted. Refer to Table 4-1. The 
EXT_HOLD field must be 0000 when 
AUTJST= 1. 

AUTO_FST CPU CLOCK SPEED 

0 ClK SPO 
1 ClK-SPO 
0 AlTClK SPO 
1 ClK~SPO-orAlT_ClK_SPO 

TABLE 4-1. CLOCK SWITCH SELECTION 

INITIALIZATION AND CLOCKING 

SPEEDUP ACTIVITY TIME PERIOD 

Hard disk interrupt, 1 second 
Hard disk or numeric 
processor 1/0, 
SCSI, floppy, port B liD 

Keyboard interrupt 1 second or 
until next video 
access 

Video access or processor reset 1 millisecond 

Any NMI or IRQ interrupt, 1 millisecond 
except keyboard or hard disk 

TABLE 4-2. SPEEDUP ACTIVITY 

Bits 10-08 - AlT_ClK_SPO, Alternate Clock 
Speed 
Featured only in the W076C10AlP 

AlT_ClK_SPO 
100908 

0 0 

0 0 

0 

0 

0 

0 

o -CPUClK unchanged from 
ClK_SPO (Oefault value). 

1 - Equals source. 

o -Equals source div by 2. 

1 - Equals source div by 4, 
25% duty cycle. 

o -Equals source div by 4, 
75% duty cycle. 

1 - Equals source div by 8, 
12% duty cycle. 

o -Equals source div by 8, 
88% duty cycle. 

Bits 07-04 - EXT_HOLD, Extend Processor Hold 

Processor execution may be slowed for 
software compatibility by extending the 
processor hold request after refresh cycles. 
If the external TURBO signal is asserted, 
EXT_HOlO is forced to 0000. When the ex
ternal TURBO signal is de-asserted, the 
EXT_HOlO returns to its programmed value, 
allowing an external TURBO switch to slow 
the processing speed. 
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EXT_HOLD 
07060504 

0 0 

0 0 

0 0 

0 0 

0 

0 o - No hold extension, 
(Default value). 

o 1 - 1 Ils hold after refresh. 

1 0 - 2 Ils hold after refresh. 

1 1 - 3 Ils hold after refresh. 

o 0 - 4 Ils hold after refresh. 

t 
o 1 - 13 Ils hold after refresh. 

1 0 - 14 Ils hold after refresh. 

1 1 - 15 !lS hold after refresh. 

Bits 03-02 - Reserved for future use, must be set 
to zero 

Bit 01 - SCHH, Stop CPUCLK at next Halt and 
Hold. 
Featured only in the WD76C10ALP 

SCHH is applicable only for 80C286 or 
Am386SXL type processors in which the 
clock may be stopped. This option should 
only be used when the clock source is the 
WD7910LP rather than an external oscil
lator. 

Any unmasked processor interrupt, or NMI, 
restarts the CPUCLK. The SCHH bit remains 
set and the clock will be stopped again if a 
halt and hold condition is detected. The 
refresh rate may be as programmed by the 
Refresh Timer at Port Address 041 H, or at 
the slower rate selected by the Refresh Con
trol Register at Port 2072H. 

SCHH = 0-
Normal processor clock (default value). 

SCHH = 1 -
Stop processor clock at next halt and 
hold cycle. 

WD7910IWD7910LP 

Bit 00 - SCH, Stop CPUCLK at next Hold 
Featured only in the WD791 OLP 

SCH is applicable only for 80C286 or 
Am386SXL type processors in which the 
clock may be stopped. This option should 
only be used when the clock source is the 
WD7910LP instead of an external oscillator. 

Any unmasked processor interrupt, or NMI, 
restarts the CPUCLK and sets the SCH bit to 
zero. DRAM refresh continues while the 
processor clock is stopped. The refresh rate 
may be as programmed by the Refresh Timer 
at Port Address 041 H, or at the slower rate as 
selected by the Refresh Control Register at 
Port 2072H. 

SCH = 0-
Normal processor clock (Default value). 

SCH = 1 -
Stop processor clock at next processor 
hold cycle. 
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5.0 AT BUS 
This section describes the logic required to control 
the interrupts and timing between the AT bus and 
the System Controller. 

5.1 INTERRUPT MULTIPLEXING 

To reduce the number of pins required, the System 
Controller generates and outputs the MXCTL2-0 
~nd DACKEN signals used by external logic to mul
tIplex the DACKs, DROs and IROs down to single 
inputs. See Figure 5-1. 

MXCTL2-0 are set to 100 during a System Reset 
(RSTIN) to provide a Bus Reset (BUS_RST), and 
to determine the ROM width (ROM8) and proces
sor clock (CPUCLK) pin direction. See Table 5-1. 

5.1.1 Data Acknowledge DACK7-5, 3-0 

An external 74F138, 3 to 8 Decoder for desktop 
systems, or 74ACT138, 3 to 8 Decoder for laptop 
systems, uses MXCTL2-0 to generate the 
DACK7-5 and DACK3-0, which are applied to the 
AT bus. The unused combination develops the AT 
BUS_RST (bus reset). The decoder is enabled by 
the DACKEN signal from the System Controller. 

5.1.2 Data Request DRQIN 

The MXCTL2-0 signals are also used by an exter
nal 74F151, 8 to 1 Multiplexer for desktop sys
tems, or 74ACT151, 8 to 1 Multiplexer for laptop 
systems, to develop the DROIN signal received 
by the System Controller. The MXCL T2-0 signals 
are held stable during DMA transfers. 

Immediately following a System Reset (RSTIN), 
DROIN input 100 is sampled. If low, the proces
sor clock (CPUCLK) pin is an output. If high, the 
CPUCLK starts as an output but is switched to an 
input shortly after RSTIN is de-asserted. See 
Table 5-1 and Figure 5-1. This controls the 
default value of CLK_SPD in the CPU Clock 
(CPUCLK) Control Register at Port 1072H. See 
section 4.2.4. 

AT BUS 

5.1.3 Interrupt Requests 

The Interrupt Requests are multiplexed by the 
WD76C30. The multiplexing is performed as 
shown in Table 5-1 and Figure 5-1, and provides 
the System Controller with the IROSET1 and 
IROSETO signals. 

DROIN, IROSET1 and IROSETO are sampled by 
the System Controller at every rising edge of 
SYSCLK2. This allows all DMA, ORO and IRO 
~ines to be sampled within 500 ns, when SYSCLK 
IS 8 MHz. 

The ROM8 input is sampled at the completion of a 
NRSTIN to determine ROM data width (ROM8). 
The RESCPU and A20GT inputs come from the 
8042 keyboard controller. 

5.1.4 AT Address Bus, Data Bus and 
Terminal Count (TC) Signal 

The AT Address Bus SA 19-00 and NBLE are 
generated from A 19-00 with external latches and 
tristate buffers. 

The AT Data Bus 5015-00 uses 015-00 and ex
ternal bidirectional buffers. 

The TC signal is generated by an external gate 
when DACKEN and CSEN are both asserted. 

5.2 POWER MANAGEMENT CONTROL 
PMCIN 

The power control signals are placed on the 
PMCIN input pin by way of an eight to one multi
plexer, controlled by the MXCTL2-0 signals from 
the System Controller. In the WD7910, the 
TURBO signal may be connected directly to 
PMCIN. In the WD7910LP, the external 8:1 MUX 
is always used. See Figure 5-1. Bits 14 and 13 
of Port 1872H (Section 5.3) control the power 
down of the processor and peripheral. 
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MXCTL DRQIN DACKEN IRQSETO IRQSET1 PMCIN 
210 

000 DRQO DACKO IRQ8 IRQ12 TURBO 
001 DRQ1 DACK1 IRQ9 IRQ1 PROC_PWR_GOOD 
010 DRQ2 DACK2 IRQ10 A20GT LCL_RQ or USER DEF. 
01 1 DRQ3 DACK3 IRQ11 IRQ3 USER DEF. 
100 CLOCK_ BUS_RST ROM8 IRQ4 USER DEF. 

DIR_IN 
1 01 DRQ5 DACK5 RESCPU IRQ5 USER DEF. 
1 1 0 DRQ6 DACK6 IRQ14 IRQ6 USER DEF. 
111 DRQ7 DACK7 IRQ15 IRQ7 USER DEF. 

TABLE 5-1. MXCTL2 - 0 DECODING 

IROB 
0 

IROS 1 MXCTL2 - 0 
IR010 2 1 IROll I ROSETO DROO 3 B: 1 0 
ROMB 4 MUX DROl 

1 
RESCPU 5 DR02 

2 
IR014 6 DR03 DROIN 3 B: 1 IR015 7 CLOCK DIR IN 4 MUX 

MXCTL2 - 0 
DR05 5 
DR06 6 

IR012 +V DRO? 7 
0 

IROl 1 ~ 
A20GT 2 ~ MXCTL2 - 0 
IR03 IROSETl ~ -- J 3 B : 1 ,~ ~ TURBO IR04 4 MUX 

0 
IR05 5 1 PROC_PWR GOOD 

1 
IR06 6 LCL_REO 

2 
IR07 7 3 B : 1 PMCIN 

4 MUX 

DACKO - 3 
5 

3 TO B I 6 
MXCTL2 - 0 DECODER BUS RST 7 

ENABLE DACK5 - 7 

DACKEN 1 

FIGURE 5-1. MXCTL2-0 MULTIPLEXING 
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5.3 NUMERIC PROCESSOR 

5.3.1 Numeric Processor Busy, Bus Timing, 
And Power Down Register 

Port Address 1872H - Read and Write 

15 14 13 12 11 I 10 09 I 08 

NP PRO_ FPD BUS_MOD BRQ_DEL 
BSY PO 

07 106 05 04 03 I 02 01 J 00 

BAK_DEL WSI WSM WSI8 WSM8 
16 16 

Signal Default 
Name At NRSTIN 
NP BSY . . . . . . . . . . . . . 0 
PRO_POt .............. 0 
Bit 12 ................. None 
FPD t ................. 0 
BUS MOD .............. 00 
BRO-DEL ............... 00 
BAKDEL ............... 11 
WSI-16 ................ 0 
WSI\C16 ............... 0 
WS1B ................. 10 
WSMB ................. 10 

t Featured only in the WD791 OlP 

Bit 15 - NP _BSY, Numeric Processor Busy 

NP _BSY must be set for systems using an 
80286 CPU where the CPU runs faster than 
the AT bus. The causes BUSYCPU to be 
asserted early during any CPU write to I/O 
ports F8H through FFH. BUSYCPU is de-as
serted at the end of the I/O write if the 
coprocessor has not asserted its own 
NPBUSY by this time. Early assertion of 
BUSYCPU is necessary to prevent a loss of 
synchronization between the 80286 and 
80287. Bit 15 is ignored when an 80386SX 
is used. 

NP _BSY = 0-
Force an early BUSYCPU for I/O writes 
to coprocessor addresses F8H through 
FFH. (Default value). 

NP_BSY = 1 -
Normal .. B .... U=SY .. C=PU" assertion. 

AT BUS 

Bit 14 - PRO_PO, Processor Power Down 
Featured only in the WD791 OlP 

When PRO_PO has been changed from zero 
to one, a power down sequence for the 80286 
or 80386SX processor will be initiated at the 
next Halt State and the expansion bus will 
continue to operate normally. The processor 
should not be powered down if DMA cycles 
are likely to occur. When PRO_PO is set and 
a halt state occurs, the processor inputs are 
ignored and appear to the WD791 OlP to be in 
the passive state. 

The input buffers connected to the processor 
signals do not consume power even if the 
processor signals do not reach ground. The 
internal pullups on inputs connecting to the 
processor are disabled to reduce power. 
PMC output 5 from Port 7072H (Processor 
Power Down) is set. This can be used to con
trol the power transistor and turn off the 
power to the processor. All outputs going to 
the processor will be tristated. 

When an unmasked interrupt, ORO or NMI 
occurs, PMC output 5 is reset, re-powering 
the processor. A voltage comparator should 
be used to generate a Processor Power Good 
(PPG) Signal. The PPG signal is sampled by 
bit 01 of the PMC Input Register at Port Ad
dress 8872H. When PPG is high, the outputs 
to the processor are driven and the processor is 
reset. 

PRO_PO = 0-
Normal processor power 
(Default value). 

PRO_PO = 1 -
Start processor power down sequence. 

Bit 13 - FPD, Full Powerdown 
Featured only in the WD791 OlP 

When FPD equals one and a halt state oc
curs, all processor and peripheral outputs ex
cept the PMC, DRAM controls and RAiED 
bus are tristated and all inputs except 
NRSTIN, ClK14 and PMC inputs are ig
nored. CAS before RAS refresh will be per
formed if enabled by Port 2072H. All circuitry 
except the PMC and refresh timer logic is 
stopped and PMC output 7 (Full Power
down) from Port 7072H is set. This enables 
the powering down of all chips except DRAM, 
WD7910lP, WD76C20, WD76C30 and 
WD90C20. The WD76C20 provides NPDREF 
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(a 64 KHz refresh signal on input pin 117) 
during the power down mode. This signal is 
then gated by the System Controller to the 
NREFRESH signal as an output on pin 32. 

When a PMC interrupt occurs, PMC output 7 
at Port 7072H is reset, enabling the power up 
sequence. A CPURES and BUS_RST (see 
Figure 5-1) are asserted until the PMCIN 01 
PPG at Port 8872H input is high. The tristated 
outputs are restored and the inputs are no 
longer masked. 

FPD remains a 1 until replaced by a O. 

FPD = 0-
No power down (Default value). 

FPD = 1 -
Full power down and in standby mode. 

Bit 12 - Ignored by the System Controller, 
may be 0 or 1. 

Bits 11,10 - BUS_MOD, Bus Mode 

The System Controller defautts to mode 00 at 
power up. Therefore, the bus clock (SYSCLK) is 
controlled by BCLK2 and is asynchronous with 
CPUCLK (see Figure 4-1). This allows 
CPUCLK to be faster than SYSCLK and vary 
without affecting the bus timing. Normally, 
BCLK2 is either 16 MHz or 32 MHz. 
SYSCLK is divided by two regardless of the 
mode selected by BUS_MOD, and if BCLK2 
is 16 MHz at power up, it is divided by two 
again, providing a SYSCLK clock rate of 4 
MHz until programmed to mode 01. In mode 
01, the SYSCLK rate is 8 MHz for a BCLK2 
of 16 MHz. Both mode 00 and 01 are 
asynchronous and require the appropriate 
synchronization delays to be established by 
BRO_DEL and BAK_DEL of this register. 

In modes 10 and 11, the SYSCLK is synchro
nous with the CPUCLK and synchronization 
delays are not needed. The bus clock mode 
may need to be reprogrammed when the 
processor clock changes. 

Refer to Table 5-2 for the appropriate choices 
according to the CPU type and speed and AT 
bus speed employed. 

BUS_MOD 
11 10 

WD791 OIWD791 OLP 

o 0 - Bus logic uses BCLK2 divided 
by 2 (Default value). 

o - Bus logic uses BCLK2 divided 
by 1. 

o - Bus logic uses CPUCLK 
divided by 2. 

- Bus logic uses CPUCLK 
divided by 1. 

Bits 09, 08 - BRQ_DEL, Bus Request Delay 

An asynchronous AT bus state machine 
requires a synchronization delay at the start 
of the bus cycle. 

Refer to Table 5-2 for the appropriate choices 
according to the CPU type and speed and AT 
bus speed employed. 

BRO_DEL 
0908 

o 0 - 1 Bus clock delay (Default value). 

o -.5 Bus clock delay. 

o - No clock delay. 

- Reserved. 

Bits 07, 06 - BAK_DEL, Bus Acknowledge Delay 

The AT bus state machine has several op
tions available for signaling the CPU control 
logic that an AT bus cycle has completed. 
The timing of this signal determines AT bus 
hold time for the data and address. Proper 
timing is determined by the CPU speed, AT 
bus speed and whether they are synchron
ous or asynchronous. The delay settings 
listed here are referenced to the trailing edge 
of the AT command strobe. 

Refer to Table 5-2 for the appropriate choices 
according to the CPU type and speed and AT 
bus speed employed. 

BAK_DEL 
0706 

o 0 - No delay. 

o - -.5 Bus clock delay. 

o - -1 Bus clock delay. 

- +.5 Bus clock delay 
(Default value) 
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Bit 05 - WS116, Wait State for 16 bit 1/0 

WSI16 = 0-
1 Bus clock wait state (Default value). 

WSI16=1-
2 Bus clock wait state 

Bit 04 - WSM16, Wait State for 16 bit Memory 

WSM16=0-
1 Bus clock wait state (Default value). 

WSM16 = 1 -
2 Bus clock wait state. 

Bits 03, 02 - WSI8, Wait State for 8 bit 110 

WSI8 
0302 

o 0 - 2 Bus clock wait state. 

o - 3 Bus clock wait state. 

o - 4 Bus clock wait state 
(Default value). 

- 5 Bus clock wait state. 

Bits 01, 00 - WSM8, Wait State for 8 bit Memory 

WSM8 
0100 

o 0 - 2 Bus clock wait state. 

o - 3 Bus clock wait state. 

o - 4 Bus clock wait state 
(Default value). 

- 5 Bus clocl< wait state. 

CPU CPU AT BUS 
TYPE SPEED SPEED 

80286 25 MHz 8 MHz 
20 MHz 8 MHz 
20 MHz 10 MHz 
16 MHz 8 MHz 
12.5 MHz 8 MHz 
10 MHz 10 MHz 
8 MHz 8 MHz 

80386SX 25 MHz 8 MHz 
20 MHz 10 MHz 
20 MHz 8 MHz 
16 MHz 8 MHz 
12.5 MHz 8 MHz 

AT BUS 

5.3.2 Numeric Processor Busy (NPBUSV) 
Reset 

Port Address OFOH - Write only 

Writing any data to this port resets the 80287 busy 
signal (de-asserts NPBUSY). The data is ignored. 

5 I 4 3 2 11 1 0 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . . . . None 

5.3.3 Numeric Processor Reset (NPRST) 

Port Address OF1 H - Write only 

Writing any data to this port asserts NPRST and 
resets the 80287. The main processor is wait 
stated for 128 clocks when writing to this port. The 
data is ignored. 

5 1 4 1 3 2 1 1 0 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . . .. None 

AT BUS BUS BRQ BAK 
MODE MOD DEL DEL 

ASYNC OX 00 00 
ASYNC OX 01 01 
SYNC 10 10 10 
SYNC 10 10 10 
ASYNC OX 01 10 
SYNC 11 10 10 
SYNC 11 10 10 
ASYNC OX 01 00 
SYNC 10 10 10 
ASYNC OX 01 00 
SYNC 10 10 10 
ASYNC OX 01 10 

TABLE 5-2. BUS TIMING PARAMETERS 
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5.4 DMA CONTROL 

The System Controller contains two DMA control
lers. DMA Controller 1 is in the I/O address space 
from OOOH to OOFH and is used for 8-bit transfers. 
DMA Controller 2 is in the I/O space from OCOH to 
ODEH and is used for 16-bit transfers. Channel a 
of DMA Controller 2 is used to cascade DMA con
troller #1. Table 5-4 indentifies the Controller/
Channel location and function. 

AT Bus DMA 
DMAChannel Controller Transfer Type 

0 #1 Channel 0 8-bit 
1 #1 Channel 1 8-bit 
2 #1 Channel 2 8-bit 
3 #1 Channel 3 8-bit 
4 #2 Channel a Cascade DMA 

Cont. #1 
5 #2 Channel 1 16-bit 
6 #2 Channel 2 . 16-bit 
7 #2 Channel 3 16-bit 

TABLE 5-3. DMA TRANSFER TYPES 

5.4.1 Transfer Modes 

Each DMA channel may be programmed in Single 
Transfer Mode, Block Transfer Mode, Demand 
Transfer Mode or Cascade Mode. 

Refer to Section 5.4.12 - Mode Register, bits 7 
and 6 for programming. 

Demand Mode - 00 

In demand mode, a transfer continues to take 
place until DRO is de-asserted or a Terminal 
Count (TC) is reached. If the DRO is de
asserted, the bus will be released. If DRO is 
re-asserted, the transfer will resume. The ad
dress and word count behave as in single 
mode. 

Single Transfer Mode - 01 

In single transfer mode, the channel makes 
one transfer for each request. The word 
count is decremented, and the address is 
incremented or decremented at the end of 
each transfer. When the word count goes 
from OOOOH to FFFFH, a Terminal Count (TC) 
is generated. To start a transfer, the DRO 
should be asserted until a DACK is received. 
If the DRO is asserted through the cycle, only 
one transfer will take place. The DRO must 

WD791 O/WD791 OLP 

be de-asserted and then re-asserted to start 
another transfer. The bus is released be
tween transfers. 

Block Transfer Mode - 10 

A transfer is started in block mode by a DRO 
and continues until a TC is reached. The 
DRO should be held active until DACK is 
asserted. Block mode should be used with 
caution since refresh is locked out. The address 
and word count behave as in single mode. 

Cascade Mode -11 

Cascade mode is used to cascade DMA 
controller #2 to DMA controller #1, and for 
bus master transfers. A channel in cascade 
mode gets the bus when a DRO is asserted, 
but the word count and address are ignored. 
The channel holds the bus until DRO is de
asserted. The lOR, lOW, MEMR and MEMW 
signals must be generated by the bus master 
device. The addresses from the System 
Controller are tristated when the MASTER 
signal is asserted. 

5.4.2 Transfer Types 

There are three types of transfers: verify, write 
and read. 

Refer to Section 5.4.12 - Mode Register, bits 3 
and 2 for programming. 

Verify - 00 

A verify transfer is a pseudo transfer that does 
not generate lOR, lOW, MEMR or MEMW 
signals. 

Write - 01 

A write transfers data from an I/O device to 
memory. 

Read -10 

A read transfers data from memory to an I/O 
device. 
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5.4.3 Autoinitialize 

A channel may be programmed to autoinitialize for 
any transfer type. In this mode, when a TC is 
reached, the channel is loaded with the original 
word count and address and is ready to start 
another transfer. 

Refer to Section 5.4.12 - Mode Register, bit 4 for 
programming. 

5.4.4 Priority 

Each DMA controller has two types of priority, 
fixed and rotating. For fixed priority, channel 0 
has the highest priority and channel 3 has the 
lowest. In rotating priority, the last channel to be 
serviced has the lowest priority. 

5.4.5 Extended Write 

In normal timing, the MEMR or lOR pulse is two 
clock cycles and the MEMW or lOW is one clock 
cycle. If extended write is selected, the MEMW or 
lOW will be the same as the MEMR or lOR. 

AT BUS 

5.4.6 Base and Current Address 

Each channel has a 16-bit base and current address 
register. The current address register is loaded 
from the base register when the base register is 
loaded or when in autoinitialize mode. The current 
address register is incremented or decremented 
during a transfer. 

Addresses are driven to the bus while REFRESH 
is asserted, indicating a refresh cycle. Only address 
bits A23-A 16 (from the page register) and bits 
A 1 O-AO (from the refresh counter) are meaningful 
during refresh. The address counter is incremented 
on the rising edge of REFRESH. 

5.4.7 Base and Current Word Count 

Each channel has a 16-bit base and current word 
count register. The current word count register is 
loaded from the base register when the base 
register is loaded or when in autoinitialize mode. 
The current word count is decremented during a 
transfer. 
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I/O Address ReadlWrite DMA Controller Function 
Hex 

000 ReadlWrite 1 Channel a Address 
001 ReadlWrite 1 Channel a Word Count 
002 ReadlWrite 1 Channel 1 Address 
003 ReadlWrite 1 Channel 1 Word Count 
004 ReadlWrite 1 Channel 2 Address 
005 ReadlWrite 1 Channel 2 Word Count 
006 ReadlWrite 1 Channel 3 Address 
007 ReadlWrite 1 Channel 3 Word Count 
008 Read 1 Status 
008 Write 1 Command Register 
009 Write 1 Request Register 
OOA Write 1 Single Mask 
008 Write 1 Mode Register 
OOC Write 1 Clear Pointer 
000 Write 1 Master Clear 
OOE Write 1 Clear Mask 
OaF Write 1 Mask All 
080-09F DMA Page Register 
OCO ReadlWrite 2 Channel a Address 
OC2 ReadlWrite 2 Channel a Word Count 
OC4 ReadlWrite 2 Channel 1 Address 
OC6 ReadlWrite 2 Channel 1 Word Count 
OC8 ReadlWrite 2 Channel 2 Address 
OCA ReadlWrite 2 Channel 2 Word Count 
OCC ReadlWrite 2 Channel 3 Address 
aCE ReadlWrite 2 Channel 3 Word Count 
000 Read 2 Status 
000 Write 2 Command Register 
002 Write 2 Request Register 
004 Write 2 Single Mask 
006 Write 2 Mode Register 
008 Write 2 Clear Pointer 
aDA Write 2 Master Clear 
ODC Write 2 Clear Mask 
ODE Write 2 Mask All 
8872 Read 1,2 DMA Mode Shadow 

TABLE 5-4. DMA CONTROLLER/CHANNEL FUNCTION MAP 
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5.4.8 Command Register 

Port Addresses 008H, ODOH - Write only 

The Command Register is reset by RSTIN or by 
writing any data to Port Address OODH or ODAH 
(see section 5.4.14). 

7 6 5 4 3 2 1 

EX RO 0 co 
WR PRI D18-

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . . 0 

Bits 7,6 - Not used, state is ignored 

Bit 5 - EX_WR, Extended Write 

Bit 4 - RO_PRI, Rotating Priority 

Bit 3 - Must be set to 0 

Bit 2 - CO_DIS, Controller Disabled 

Bits1, 0 - Not used, state is ignored 

5.4.9 Status Register 

Port Addresses 008H, ODOH - Read only 

0 

Bits 3-0 are reset by NRSTIN, writing any data to 
Port Address OODH or ODAH (see section 5.4.14) 
or when read by a Status Read Command. 

7 6 5 4 3 2 1 0 

CH3 CH2 CH1 CHO CH3_ CH2_ CH1 - CHO 
ORQ- ORO' ORQ- DRQ- TC TC TC TC 

Signal Default 
Name At RSTIN 
CH3 DRO - CHO DRO . . . None 
CH33C - CHO_TC .......... ° 

Bit 7 - CH3_DRQ, Channel 3 DRO active 

Bit 6 - CH2_DRQ, Channel 2 DRO active 

Bit 5 - CH1_DRQ, Channell DRO active 

Bit 4 - CHO_DRQ, Channel 0 DRO active 

AT BUS 

Bit 3 - CH3_TC, Channel 3 has reached TC 

Bit 2 - CH2_ TC, Channel 2 has reached TC 

Bit 1 - CH1_TC, Channell has reached TC 

Bit ° -CHO_ TC, Channel 0 has reached TC 

5.4.10 Request Register 

Port Addresses 009H, OD2H - Write only 

Each channel may be started by a software request. 
These requests are not affected by the Mask 
Register. The Request Register is reset by 
RSTIN or by writing any data to Port Address 
OODH or ODAH (see section 5.4.14). 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . . .. 0 

Bits 7-3 - Not used, state is ignored 

Bit 2 - CRQ, Channel Requested 

Bits 1, 0 - CH#, Channel Number Requested 

CH# 1 0 

0 0- Channel 0 

0 1 - Channell 

1 0- Channel 2 

1 - Channel 3 

5.4.11 Mask Registers 

Each channel has a mask bit associated with it If 
it is set, the channel is disabled. The bits may be 
set or reset by software, or set by a Terminal 
Count (TC) if the channel is not in autoinitialize 
mode. All the bits are set by a RSTIN, or by 
writing any data to Port Address OODH or ODAH 
(see section 5.4.14). 
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5.4.11.1 Single Mask Register 

Port Addresses OOAH, OD4H - Write only 

17161514131~~I'CH'OI 
Signal Default 
Name At RSTIN 
All signals ........... . 

Bits 7-3 - Not used, state is ignored 

Bit 2 - SE_MA, Set Mask 

SE_MA=O-
Clear Mask 

SE_MA = 1 -
Set Mask 

Bits 1, 0 - CH#, Channel Number Requested 

CH# 1 0 

o 0 - Channel 0 

o 1 - Channel 1 

0- Channel 2 

1 - Channel 3 

5.4.11.2 Clear Mask Register 

Port Addresses OOEH, ODCH - Write only 

Writing any data to this register resets all Masks. 
The data is ignored. 

7 6 1 I 0 

Signal Default 
Name At RSTIN 
All signals ............. None 

Bits 7-0 - Not used, state is ignored 

WD791 OIWD791 OLP 

5.4.11.3 Mask Multiple Register 

Port Addresses OOFH, ODEH - Write only 

7 6 5 4 3 2 1 

CH3 - CH2_ CH1 -
MA MA MA 

Signal Default 
Name At RSTIN 
All signals ............. . 

Bits 7-4 - Not used, state is ignored 

Bit 3 - CH3_MA, Channel 3 Mask 

Bit 2 - CH2_MA, Channel 2 Mask 

Bit 1 - CH1_MA, Channel 1 Mask 

Bit 0 - CHO_MA, Channel 0 Mask 

5.4.12 Mode Register 

Port Addresses OOBH, OD6H - Write only 

0 

CHO_ 
MA 

This register selects the mode and type of transfer 
for each channel. Refer to sections 5.4.1 through 
5.4.1.4 for a description of the Transfer Modes, 
sections 5.4.2 through 5.4.2.3 for a description of 
the Transfer Types and section 5.4.3 for a descrip
tion of Autoinitialize. 

7 I 6 
TRA 
MOD 

Signal 
Name 

5 4 

AD AUTO 
DEC 

3 I 2 
TRA_ 
TYP 

1 I 0 

CHA# 
SEL 

Default 
At RSTIN 

All signals . . . . . . . . . . . . . . . None 

Bits 7, 6 - TRA_MOO, Transfer Mode 

TRA_MOD 
7 6 

o 0 - Demand 

o 1 - Single 

0- Block 

1 - Cascade 
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Bit 5 - AD_DEC, Address Decrement 

AD_DEC = 0 
Address is incremented. 

AD_DEC = 1 
Address is decremented after each 
DMAcycle. 

Bit 4 - AUTO, Autoinitialize 

AUTO =0 
Autoinitialization is disabled. 

AUTO = 1 
Autoinitialization is enabled. 

Bits 3,2 - TRA_TYP, Transfer Type 

TRA_TYP 
3 2 

o 0 - Verify 

o 1 - Write 

0- Read 

1 - Not used 

Bits 1, 0 - CHA#_SEL, Channel Select 

CHA#_SEL 
1 0 

o 0 - Channel 0 

o 1 - Channel 1 

0- Channel 2 

1 - Channel 3 

5.4.13 Clear Pointer Register 

Port Addresses OOCH, OD8H - Write only 

Each DMA controller has a pointer flip-flop that 
indicates which half of the word count or address 
is being accessed. Each time a word count or 
address is written or read, the pointer changes 
state. When the flip-flop is reset, bits 7-0 are ac
cessed, and when it is set, bits 15-8 are accessed. 
The pointer is reset by writing any data to the 
Clear Pointer Register, or to Port Address OODH or 
ODAH (see section 5.4.14). In either case, the 
data is ignored. 

AT BUS 

16 

Signal 
Name 

5 4 

All signals ............. . 

Bits 7-0 - Not used, state is ignored 

5.4.14 Master Clear Rgister 

Default 
At ASTIN 

None 

Port Addresses OODH, ODAH - Write only 

o 

Writing any data to the Master Clear Register will: 

1. Clear the Command Register 
2. Clear the Status Register 
3. Clear the Request Register 
4. Set the Mask Register 
5. Clear the Pointer Flip-Flop 

All data is ignored. 

16 5 4 1 o 

Signal Default 
Name At ASTIN 
All signals . . . . . . . . . . . . .. None 

Bits 7-0 - Not used, state is ignored 

8-34 ADVANCED INFORMATION 11/25/91 
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5.4.15 DMA Mode Shadow Register 

Port Address B872H - Read only 

This register is particularly useful in laptop ap
plications by allowing the suspend/resume 
software to restore correct status to on-board 
devices. 

15 114 1 13 1 12 111 110 1 09 1 08 

DMA1 MODE 

07 1 06 1 05 1 04 1 03 1 02 1 01 1 00 

DMA2MODE 

Signal Default 
Name At RSTIN 
DMA1 MODE ......... . 0 
DMA2 MODE ............. 0 

Bits 15·08· DMA1 MODE 

DMA 1 MODE contains a copy of the data 
written into the DMA 1 Mode Register located 
at 110 address OOBH (see Table 5-4). 

Bits 07·00 . DMA 2 MODE 

DMA 2 MODE contains a copy of the data 
written into the DMA2 Mode Register located 
at I/O address OD6H (see Table 5-4). 

5.5 SYSTEM CONTROLLER 8259 
INTERRUPT CONTROLLERS 

The System Controller contains two interrupt con
trollers. Interrupt Controller 1 is in the I/O space of 
020H to 021 H and Interrupt Controller 2 is in the 
I/O space of OAOH to OA 1 H. Interrupt 2 of Inter
rupt Controller 1 is used to cascade Interrupt Con
troller 2. 

5.5.1 Interrupt Sequence 

1. When an interrupt arrives from a peripheral 
device, the interrupt may only be programmed 
to be edge sensitive. In this mode, the inter
rupt must go low and high for each interrupt. 

WD791 O/WD791 OLP 

The interrupt sets the appropriate bit in the 
Interrupt Request Register (lRR). 

System Interrupt 
Use Interrupt Controller 

0 #1 Level 0 Timer 
1 #1 Level 1 Keyboard 
2 #1 Level 2 Cascade 
3-7 #1 Level 3 - 7 AT Bus 
8 #2 Level 0 RTC 
9-12 #2 Level 1-4 AT Bus 
13 #2 LevelS Co-Processor 
14-15 #2 Level 6-7 AT Bus 

TABLE 5·5. INTERRUPT SEQUENCE 

2. If the interrupt has not been masked off, it is 
passed to the priority circuit. There are three 
types of priority. 

Fixed 

In fixed priority, interrupt 0 has the highest 
priority and interrupt 7 has the lowest. 

Automatic Rotation 

In automatic rotation, the last interrupt serviced 
has the lowest priority. 

Specific Rotation 

In this mode, the lowest priority interrupt can 
be set by software. The next interrupt will have 
the highest priority. For example if interrupt 4 
is set to the lowest level, the priority will be 5, 
6,7,0, 1,2,3 and 4. 

3. The interrupt controller sends an IRQ to the CPU. 

4. The CPU responds with an INTA cycle that 
freezes priority. 

5. The CPU sends another INTA, causing the in
terrupt controller to send a vector to the CPU, 
set the appropriate bit in the Interrupt Service 
Register (ISR) and clear the corresponding bit 
in the IRR, if it is in the edge triggered mode. 
As long as the bit in the ISR is set, all interrupts 
at the same level or lower are inhibited unless 
programmed for special mask mode. 
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6. An EOI is issued to end the interrupt. This 
clears the appropriate bit in the Interrupt Ser
vice Register. For the slave adapter (interrupt 
controller #2), two EOI's must be issued. 
There are three types of EOI's, Specific, Non
specific and Automatic. 

Specific 

An EOI is issued by software for a specific 
interrupt. 

Non-Specific 

A non-specific EOI is also issued by software. 
The hardware generates an EOI for the 
highest level active interrupt. 

Interrupt Address 
Controller Hex 

1 020 
1 021 
1 021 
1 021 
1 021 
1 020 
1 020 
1 020 
1 020 
1 021 
1 020,021 
2 OAO 
2 OA1 
2 OA1 
2 OA1 
2 OA1 
2 OAO 
2 OAO 
2 OAO 
2 OAO 
2 OA1 
2 OAO,OA1 

AT BUS 

Automatic 

An automatic EOI is a non-specific EOI that is 
caused by the second INTA. 

The interrupt controllers may also be operated 
in a polled mode. In this mode, the CPU is set 
to disable the interrupt input. In this case, 
software must issue a poll command. This 
takes the place of an INTA, and the software 
can then read the interrupt level to determine 
the interrupt to be serviced. 

When cascading is used and the slave has 
issued an interrupt, other interrupts from the 
slave are locked out. If it is desired to preserve 
priority in the slave (i.e., allow higher interrupts 
to occur when a lower interrupt is being ser
viced), Special Fully Nested Mode should be 
programmed in the master. After a non-specific 
EOI has been sent to the slave, the ISR should 
be checked to see whether any other interrupts 
are active. If there are no interrupts active, a 
non-specific EOI should be sent to the master. 

Function ReadlWrite 

ICW1 Write 
ICW2 Write 
ICW3 Write 
ICW4 Write 
OCW1 Write 
OCW2 Write 
OCW3 Write 
IRR Read 
ISR Read 
Mask Read 
Interrupt Level Read 
ICW1 Write 
ICW2 Write 
ICW3 Write 
ICW4 Write 
OCW1 Write 
OCW2 Write 
OCW3 Write 
IRR Read 
ISR Read 
Mask Read 
Interrupt Level Read 

TABLE 5-6. INTERRUPT CONTROLLER FUNCTION MAP 
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5.5.2 Setup - Initialization Command Words 
(ICW) 

The interrupt controllers are set up by writing a 
series of Initialization Command Words (ICW). 
The sequence is started by writing a one to bit 4 
of ICW1. If ICW4 is to be included in the se
quence, a one must also be written to bit 0 of the 
ICW1. 

5.5.2.1 ICW1 -Initialization Command Word 1 

Port Addresses 020H, OAOH - Write only 

Bit 4 of this register must be set to 1 or it will be 
interrpreted as OCW2 or OCW3. 

7 6 5 4 3 2 1 

s_s L_T N 
C_M 

Signal Default 
Name At RSTIN 
All signals ............. . None 

Bit 7-5 - Not used, state is ignored 

Bit 4 - 5_5, Start Sequence 

S_S Must be set to 1 

Bit 3 - L_T, Level Trigger 

0 

ICW 
4 

The Interrupt Controller may be programmed to 
support Level Sensitive Mode for diagnostic 
adapters which may need to test this capability. 

L_T = 0-
Edge Triggered Mode is selected. 

L_T = 1 -
Level Triggered Mode is selected. 
EN_LVL (bit 00) in Port A872H must 
first be set to 1. 

Bit 2 - Not Used, state is ignored 

Bit 1 - N C_M, Not Cascade Mode 

N C_M = 0-
Cascade Mode selected 

N C_M = 1 -
Single Mode selected 

WD7910/WD7910LP 

Bit 0 - ICW4, Initialization Control Word 4 

ICW4 = 0-
ICW4 not included in sequence 

ICW4 = 1 -
ICW4 is included in sequence 

5.5.2.2 ICW2 - Initialization Command Word 2 

Port Addresses 021 H, OA 1 H - Write only 

7 I 6 

Signal 
Name 

15 14 I 3 
Interrupt 
Vector 

All signals ......... . 

Bits 7-3 - Interrupt Vector 

2 

Bits 2-0 - Not used, state is ignored 

1 

Default 
At RSTIN 
. None 

0 

5.5.2.3 ICW3 - Initialization Command Word 3 

Port Addresses 021 H - Write only 

This address accesses only Interrupt Controller 1. 

7 6 5 4 3 2 1 

0 0 0 0 0 12 0 
H_L 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . .. None 

Bits 7-3 - Not used, must be set to 0 

Bit 2 -12 H_L, Interrupt 2 Has Slave 

12 H_L = 0-
Interrupt 2 does not have the Slave 

12 H_L = 1 -
Interrupt 2 has the Slave 

Bits 1-0 - Not used, must be set to 0 

0 

0 
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Port Addresses OA 1 H - Write only 

This address accesses only Interrupt Controller 2. 

7 6 5 4 3 2 11 10 
0 0 0 0 0 Slave 10 

Signal Default 
Name At ASTIN 
All signals . . . . . . . . . . . . None 

Bits 7-3 - Not used, must be set to 0 

Bits 2-0 - Slave 10 

5.5.2.4 ICW4 - Initialization Command Word 4 

Port Addresses 021 H, OA 1 H - Write only 

A Slave does not have ICW4. 

7 6 5 4 3 2 1 

0 0 0 SF 0 0 AUT 
NM EOI 

Signal Default 
Name At ASTIN 
All signals .. . . . . . . . . . . . None 

Bits 7-5 - Not used, must be set to 0 

Bit 4 - S F N M, Special Fully Nested Mode 

SFNM=O-
Not Special Fully Nested Mode 

SFNM=1-
Special Fully Nested Mode 

Bits 3-2 - Not used, must be set to 0 

Bit 1 - AUT_EOI, Auto End Of Interrupt 

AUT_EOI = 0-
Normal End Of Interrupt 

AUT_EOI = 1 -
Automatic End Of Interrupt 

Bit 0 - Not used, must be set to 1 

0 

1 

AT BUS 

5.5.3 Operation 

Once the interrupt controllers are set up, they may 
be programmed by Operation Control Words One 
through Three (OCW1 :3). 

5.5.3.1 OCW1 - Operation Control Word 1 

Port Address 021 H, OA 1 H - Write only 

7 6 . 

INT INT 
7_M 6_M 

Signal 
Name 

5 4 

INT INT 
5_M 4_M 

All signals ....... . 

Bit 7 - Interrupt 7 Mask 

Bit 6 - Interrupt 6 Mask 

Bit 5 - Interrupt5 Mask 

Bit 4 - Interrupt 4 Mask 

Bit 3 - Interrupt 3 Mask 

Bit 2 - Interrupt 2 Mask 

Bit 1 - Interrupt 1 Mask 

Bit 0 - Interrupt 0 Mask 

3 

INT 
3_M 

2 

INT 
2_M 

1 

INT 
1_M 

Default 
At ASTIN 

... None 

0 

INT 
O_M 
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5.5.3.2 OCW2 - Operation Control Word 2 

Port Address 020H, OAOH - Write only 

7 16 15 4 3 2 I 1 10 
EOI_CONT 0 0 INT_LEV 

Signal 
Name 

Default 
AtRS'nN 

All signals ............... None 

Bits 7-5 - EOLCONT, End Of Interrupt 

EOLCONT 
7 6 5 

o 0 

o 
o 

o 

o -Clear Rotate On 
Automatic EOI 

1 - Non-specific EOI 

.0 - Not used 

o 1 1 - Specific EOI 

o 0 - Set Rotate on 
Automatic EOI 

1 0 1 - Rotate on Non-
Specific EOI 

1 0 - Set Priority 

1 1 - Rotate on Specific EOI 

Bits 4, 3 - Must be set to 0 

Bits 2-0 -INT_LEV, Interrupt Level 

To enable the setting of the interrupt level 
(INT_LEV), EOLCONT must be set to 1 1 0 
(Set Priority). 

tNT_LEV 
2 1 0 

o 0 0 - Interrupt Level 0 

t 
1 1 1 - Interrupt Level 7 

MfD7910AVD7910LP 

5.5.3.3 OCW3 

Port Address 020H, OAOH - Write only 

7 6 I 5 4 3 2 1 I 0 
0 SMM 0 1 P_C IRR_ISR 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . . . . None 

Bit 7 - Must be set to 0 

Bits 6, 5 - SMM, Special Mask Mode 

SMM 
6 5 

o 0 Not used 

o Not used 

o Reset Special Mask Mode 

1 Set Special Mask Mode 

Bit 4 - Must be set to 0 

Bit 3 - Must be set to 1 

Bit 2 - P _ C, Poll Command 

P _C = 0-
No Poll Command 

P C = 1 -
- Poll Command 

Bits 1-0 -IRR_ISR, Interrupt Request Register 
and Interrupt Service Register 

IRR_ISR 
1 0 

o 0 - Not used 

o 1 - Not used 

1 0 - Read Interrupt Request Register 

1 - Read Interrupt Service Register 
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5.6 SYSTEM CONTROLLER 8254 TIMER 

The System Controller contains an 8254 
equivalent timer containing three independent 
counters. All the timers run off of a 1.19 MHz 
clock derived from the 14.318 MHz clock input. 
The GATEO and GATE1 signals are tied high. 
The GATE2 signal is tied to register 61 H, bit o. 
The counters decrement when counting. . The 
largest possible count is O. 

1/0 
Address 

040H 
041H 
042H 
043H 

Timer 
Channel 

AT BUS 

Use ReadlWrite 

Timer 0 Count/Status ReadlWrite 
Timer 1 Count/Status ReadlWrite 
Timer 2 Count/Status ReadlWrite 
Control Word Write 

Use Each counter may be programmed for different 
counting modes and the count may be read back. 
To initialize a counter, the Control Word must be 
written, followed by one or two bytes of count if 
needed. Refer to Table 5-7 for the correct Control 
Word Format. Each counter may be programmed to 
count in BCD or binary. 

0 Time of Day (Interrupt) 
1 Refresh Request 
2 Speaker 

CONTROL WORD (FORMAT 1) -1/0 Address 043H - Counter Latch Command 

0 BCD 
1-3 Mode 000 Mode 0 

001 Mode 1 
X10 Mode 2 
X11 Mode 3 
100 Mode 4 
101 Mode 5 

4-5 Function 00 Counter Latch Command 
01 ReadlWrite Low Byte 
10 ReadlWrite High Byte 
11 ReadlWrite Low Byte then High Byte 

6-7 Counter 00 Counter 0 
01 Counter 1 
10 Counter 2 

CONTROL WORD (FORMAT 2) - 1/0 Address 043H - Read Back Command 

0 0 
1 Select Counter 0 
2 Select Counter 1 
3 Select Counter 2 
4 Latch Status 
5 Latch Count 
6-7 11 

TABLE 5-7. CONTROL WORD FORMAT 
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5.6.1 Setup 

Each counter may be set in one of six modes by 
writing a Control Word (format 1). The Control Word 
must specify the counter and the number of count 
bytes to be written. A new count may be written at 
anytime. 

5.6.1.1 Mode 0 Interrupt on Terminal Count 

The counter starts when the count is loaded. 
When the count = 0, the counter continues count
ing from FFFFH in binary mode or 9999 in BCD 
mode. GATE = 1 enables counting. GATE = 0 
disables counting. 

~UT goes low when the cou'nter starts. It goes 
high when the count = 0, and stays high until a 
new count or mode is written. 

If a new count is written while the counter is 
counting, it will be loaded on the next clock pulse. 

5.6.1.2 Mode 1 Hardware Retriggerable One 
Shot 

The counter starts when GATE goes from low to 
high. When the count = 0, the counter continues 
counting from FFFFH in binary mode or 9999 in 
BCD mode. 

Any time GATE goes from low to high, the counter 
is reloaded with the original count and the counter 
started. 

OUT goes low when GATE goes from low to high. 
It goes high when the count = O. If a new count is 
written while the counter is counting, it will be 
loaded the next time GATE goes from low to high. 

5.6.1.3 Mode 2 Rate Generator 

The counter starts when the count is loaded. 
When the count = 0, the counter is reloaded and 
the counter is started again. GATE = 1 enables 
counting. GATE = 0 disables counting. If GATE 
goes from low to high, the counter is reloaded. 

OUT is initially high. When the count = 1, OUT 
goes low for one clock. 
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If a new count is written while the counter is 
counting, it will be loaded the next time the count 
= 0 or when GATE goes from low to high. 

5.6.1.4 Mode 3 Square Wave Generator 

The counter starts when the count is loaded. 
When the count = 0, the counter is reloaded and 
the counter started again. GATE = 1 enables 
counting. GATE = 0 disables counting. If GATE 
goes from low to high, the counter is reloaded. 

When the counter starts, OUT is high. When the 
count is half done, OUT goes low. If GATE goes 
low then OUT will go high. 

If a new count is written while the counter is 
counting, it will be loaded the next time the count 
= 0 or when GATE goes from low to high. 

5.6.1.5 Mode 4 Software Triggered Strobe 

The counter starts when the count is loaded. 
When the count = 0, the counter continues count
ing from FFFFH in binary mode or 9999 in BCD 
mode. GATE = 1 enables counting. GATE = 0 
disables counting. OUT is initially high. When the 
count = 0, OUT goes low for one clock. 

If a new count is written while the counter is 
counting, it will be loaded on the next clock pulse. 

5.6.1.6 Mode 5 Hardware Triggered Strobe 

The counter starts when the count is loaded. When 
the count = 0, the counter continues counting from 
FFFFH in binary mode or 9999 in BCD mode. GATE 
= 1 enables counting. GATE = 0 disables counting. 
If GATE goes from low to high, the counter is 
reloaded. OUT is high when the counter starts. 
When count = 0, OUT goes low for one clock. If a 
n~w count is written whil~ the counter is counting, it 
will be loaded the next time the count = 0 or when 
GATE goes from low to high. 
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5.6.2 Reading The Counter 

There are three ways of reading the counters: 

1. The count is read directly. This mode can 
cause false readings due to the fact that the 
counter may be changing while it is read. 

2. The count may be read via a Counter Latch 
Command. (See Control Word format 1). This 
command latches the count so that it may be 
read without changing. 

3. The count may be read via a Read Back Com
mand. (See Control Word format 2). This 
command is the equivalent of multiple COllntAr 
Latch Commands. 

5.6.3 Reading Status 

The status of a counter may be read by issuing a 
Read Back Command with data bit 4 = O. (See 
Control Word format 2). Bits 0-5 are the same as 
the command word for the counter. Bit 6 tells 
whether the last count that was written has been 
loaded into the counter. Bit 7 reflects the state of 
the OUT pin. 

STATUS 
WORD 

0 BCD 
1-3 Mode 
4-5 Function 
6 New Count Written 
7 Out Status 

AT BUS 

5.6.4 Page 

The page register is an 8-bit by 16-byte dual
ported RAM. It is used during refresh cycles and 
to generate address bits 16 to 23 for 8-bit DMA 
transfers and address bits 17 to 23 for 16-bit DMA 
transfers. One port of the RAM is a read-only port 
for DMA or refresh cycles and the other is a 
read/write port for the 80286 CPU. 

5.6.5 RefreshAddress 

This block contains an 11-bit counter that is used 
for the address during a refresh. 
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5.7 SYSTEM CONTROLLER DECODE 

Address Decodes 
9 8 7 6 5 4 3 2 1 0 

0 0 0 0 0 X X X X X DMA Controller 1 (Ch 0-3) 
0 0 0 0 1 X X X X X Interrupt Controller Master 
0 0 0 1 0 X X X X X Timer 
0 0 0 1 1 0 X X X 1 Port B (PIO) 
0 0 0 1 1 1 X X X 0 Real-Time Clock (Address) 
0 0 0 1 1 1 X X X 1 Real-Time Clock (Data) 
0 0 1 0 0 X X X X X Page Register (except 092H) 
0 0 1 0 0 1 0 0 1 0 ALT 20 GATE, Hot Reset 
0 0 1 0 1 X X X X X Interrupt Controller Slave 
0 0 1 1 0 X X X X X DMA Controller 2 (Ch 4-7) 

TABLE 5-8. DECODE ADDRESSES 

5.7.1 Page Register Decodes 

Address Decode 

0087H DMA Channel 0 
0083H DMA Channell 
0081H DMA Channel 2 
0082H DMA Channel 3 
008BH DMA Channel 5 
0089H DMA Channel 6 
008AH DMA Channel 7 
008FH Refresh 

TABLE 5-9. PAGE REGISTER 
DECODES 

NOTE 
Page register data appears on address 
bits A23-A 16 during refresh and 8-bit 
DMA cycles. For 16-bit DMA cycles 
(channels 5-7), the LSB of the page 
register does not appear. 
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OOO-OOF 
020-03F 
040-05F 
061-06F (odd) 
070-07E (even) 
071-07F (odd) 
080-09F 
092 
OAO-OBF 
OCO-ODF 
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5.8 NMI AND REAL TIME CLOCK 

5.8.1 Real Time Clock Address Register 

Port Address 070H-07EH even - Write only 

There is only one RTC Address Register. All even 
number addresses from 070H through 07EH ac
cess this register. 

7 6 5 4 3 2 1 0 

D_ RTC RTC RTC RTC RTC RTC RTC 
NMI A6 AS A4 A3 A2 A1 AD 

Signal 
Name 

Default 
At RSTIN 

D_NMI .............. . . . 1 
RTCS - RTCO .......... . . . None 

Bit 7 - D_NMI, Disable Non-Maskable Interrupt 

D_NMI = 0-
Non-Maskable Interrupt enabled 

D_NMI = 1-
Non-Maskable Interrupt disabled 
(Default value) 

Bits 6-0 - RTCA6 through RTCAO, Real-Time 
Clock Address 

RTCA6 through RTCAO provide the 128 ad
dresses of the Real-Time Clock area. The 
data selected by this address is available by 
reading the RTC Data Register at the odd 
numbered locations, 071 H-07FH. 

071H-07FH 

Data l 
L.....----.....I ~ 

070H-07EH 

7FH 

128 Bytes 
Real 
lime 
Clock 

Including 

8 Bytes 
Password 

OOH 

AT BUS 

5.8.2 Real-Time Clock Data Register 

Port Address 071 H-07FH odd - Read and Write 

There is only one RTC Data Register. All odd 
number addresses from 071 H through 07FH ac
cess this register. 

Data is transferred between this register and the 
memory location selected by the RTC Address 
Register. The data bus used is selected by bit 15 
of the register at Port Address 2872H (refer to 
section 7.2). 

6 5 4 

Real-Time Clock Data 

5.8.3 Lock Pass, Alternate A20G And Hot Reset 

Port Address 092H - Read and Write 

7 6 

Signal 
Name 

5 4 3 2 

LOCK 
PASS 

1 

ALT 
A20G 

Default 
At RSTiN 

Bits 7-4, 2 . . . . . . . . . . . . .. None 
LOCK_PASS . . . . . . . . . . . .. 0 
ALT_A20G .............. 0 
HOT_RST .............. 0 

Bit 3 - LOCK_PASS 

0 

HOT_ 
RST 

LOCK_PASS is used to prevent access to 
the eight byte password located in the Real
Time Clock area. The protected addresses 
are 38H through 3FH. Before LOCfCPASS 
can be set, bit 02 of the register at Port Address 
2872H must be set to o. Once LOCK_PASS is 
set, it can only be reset by NRSTIN. 

LOCK_PASS = 0 -
The eight byte password area is acces
sible. 

LOCK_PASS = 1 -
The eight byte password area is not 
accessible. 
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Bit 1- ALT_A20G, AiternateA20 Gate 

Normally, the state of ALT_A20G is ORed 
with the external A20GT signal. If either 
ALT _A20G or A20GT is high, the A20 line is 
ungated. If both ALT-A20G and A20GT are 
low, A20 will be gated low. 

As an option, ALT j.20G may be programmed 
by the Diagnostic Register at Port Address 
9872H to automatically change state to 
match that of the Keyboard's A20GATE. 

Bit 0 - HOT_RST, Hot Reset 

A processor reset (CPU RES) is generated 
128 CPUCLKs after"the HOT_RST changes 
from a 0 to 1. The CPURES is 16 clock pulses 
wide. 

5.9 PARITY ERROR AND I/O CHANNEL 
CHECK 

Port Address 061 H- 06FH odd 
Bits 7-4 - Read only, Bits 3-0 - Read and Write 

Odd numbered Port Addresses 061 H through 
06FH provide access to parity error and I/O Chan
nel Check of the expansion bus. 

7 6 5 4 3 2 1 0 

PE lOCK OUT REF 0 0 ENS TMR 
2 oT IOC PE PK 2G 

Signal Default 
Name At RSTIN 
PE ................... 0 
lOCK ................. 0 
OUT2 ................. NA 
REFOT ................ 1 
O_IOC ................. 0 
O_PE ................. 0 
ENSPK ................ 0 
TMR2G ................ 0 

WD7910/WD7910LP 

Bit 7 - PE, Parity Error (read only) 

PE = 0-
No Parity Error 

PE = 1 -
Parity Error 

Bit 6 - lOCK, I/O Channel Check from the 
expansion bus (read only) 

lOCK = 0-
No I/O Channel Check Error 

lOCK = 1 -
I/O Channel Check Error 

Bit 5 - OUT2, from timer channel 2 (read only) 

OUT2 represents the state of the Timer 2 
output. 

Bit 4 - REFDT, changes state on each refresh 
(read only) 

Bit 3 - D_IOC, Disable I/O Channel Check (read 
and write) 

D_IOC = 0-
I/O channel check from the expansion 
bus is not disabled. 

D_IOC= 1 - ' 
I/O channel check from the expansion 
bus is disabled. 

Bit 2 - D_PE, Disable Parity Error Check (read 
and write) 

D_PE = 0-
Parity error checking not disabled. This 
may be overridden by Port Address 
register 6072H, bit 10 for systems without 
parity RAM. 

D_PE = 1 -
Parity error checking disabled 

Bit 1 - ENSPK, Enable Speaker 

ENSPK=O -
Speaker is not enabled 

ENSPK = 1 -
Speaker is enabled 

Bit 0 - TMR2G, Gate for TImer Channel 2 

TMR2G =0-
Timer Channel 2 gated low 

TMR2G = 1 -
Timer Channel 2 output enabled 
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6.0 MEMORY AND EMS CONTROL 
This section describes the DRAM address bus 
and the EMS memory configuration and control 
registers. 

6.1 DRAM ADDRESS AND DATA BUS 

The memory address bus is multi-functional. 
During DRAM cycles, the DRAM row and column 
addresses are present on RA11 through RAO. 
During I/O cycles, RA11 through RA08 (CS3-
CSO)are used to decode 16 possible Chip 
Selects. Also, during I/O cycles to devices such 
as the Kevboard Contrnller, RA? !hrc~gh RAC b.,
come the "Data Bus bits ED7 through EDO. 

The RAS and CAS lines are designed to drive the 
DRAM array directly without the use of external 
drivers. RA 11 through RAO are capable of driving 
350 pF, the equivalent load of two banks of one bit 
wide RAM, plus two banks of four bit wide RAM 
(48 DRAMs). 

MEMORY AND EMS CONTROL 

The wif5. signal at pin 119 should be buffered 
before use. Write protection is accomplished by 
not asserting 'CAS to the local DRAM while 
NMEMWat pin 37 is asserted. 

The on-board DRAM may be disabled so that ex
ternal cards such as EMS may provide memory. 
The DRAM may be disabled in three stages, from 
128 Kbyte to 640 Kbyte, 256 Kbyte to 640 Kbyte 
and 512 Kbyte to 640 Kbyte. 

When disabling anyon-board DRAM, the register 
at Port Address 6872H must not be oroarammet:i 
to enable the on-board lower EMS Page-Frame. 

The WD791 0 and WD7910lP provide support for 
DRAM banks to be independent or two-way page 
interleaved. DRAM banks that are interleaved 
must be of the same DRAM size. 
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6.2 MEMORY CONFIGURATION 

6.2.1 Memory Control 

Port Address 3872H - Read and Write 

15 14 13 112 11 10 109 1 08 

PG CA PG ILV 
CAS 

07 106 05 104 03 102 01 I 00 

SIZE SIZE SIZE SIZE 
BNK3 BNK2 BNK1 BNKO 

Signal Default 
Name At RSTIN 
PG CAS. . . . . . . ..... 0 
CA-................... 00 
PG . . . . . . . . . . . ..... 0 
ILV ................... 00 
SIZE BNK3 . . . . . . . . . . . . . . 00 
SIZE-BNK2 .............. 00 
SIZ(~BNK1 .............. 00 
SIZE_BNKO .............. 00 

Bit 15 - PG_CAS, Page Mode CAS Width 

PG_ CAS = 0 - Read CAS pulse width is 2.5 
CPUCLK clocks (Default value). 

PG_CAS = 1 - Read CAS pulse width is 2 
CPUCLK clocks. This is required for 
80386SX Pipeline mode. 

Bit 14 - Reserved for future use, should be set to o. 

Bits 13, 12 - CA, Cache Mode 

Enabling the Cache Mode adds an additional 
wait state to the beginning of on-board read 
cycles. On-board read cycles occur only for 
cache misses. If the RDYIN signal indicates 
that the external cache has experienced a 
zero wait state read hit, the DRAM read cycle 
is aborted. 

Pin 51 of the System Controller serves one of 
three functions, depending upon the mode 
selected by CA. Pin 51 may represent the 
RDYIN (Ready In), CKA (Alternate Clock) or 
PE (Parity Error). 

WD7910lWD7910LP 

When CA is changed, a hold acknowledge 
cycle is required before the change goes into 
effect. 

CA 1312 

o 0 - Cache Mode not enabled. 
Pin 51 may be used as the 
alternate clock CKA. 
(Default value) 

o 1 - Cache Mode enabled. 

1 0 - External Memory Controller. 
Pin 51 becomes PE and is 
connected to the parity error 
line of the external memory 
controller. 

1 1 - Pin 51 may be used as the 
alternate clock CKA. When 
CAS Input Mode is enabled, 
PE on pin 111 becomes an input 
and represents an error. (See 
pin 12 description in Table 3-2 
on selecting CAS Mode.) 

Bit 11 - PG, Page Mode 

PG = 0 - Non-page mode (Default value) 
Word interleaving is employed when 
bank interleaving is enabled by I LV. 
Non-page mode is not supported in 
1 Mbit x 16 chips and 2Mb its x 16 con
figurations. 

PG = 1 - Page mode 
Page mode interleaving is performed 
when bank interleaving is enabled by ILV. 

Bits 10-08 -ILV, Interleave 

In Non-page Mode (PG = 0), word interleav
ing is employed. In Page Mode (PG = i), 
Page Mode interleaving is used. Four-way in
terleave -is only supported in Page Mode 
when four banks are installed using one of 
the following DRAM configurations: 4 
Mbits x 16; 512Kbits x 16; 1Mbit x 16 chips; 
or 2Mbits x 16. Interleave of 64 Kbits x 16 
DRAM is not supported by any of the System 
Controllers. 

DRAM banks must be of the same size and 
assigned the same starting address when 
they are interleaved together. 
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IlV 10 09 08 Bits 05, 04 - SIZE_BNK2, Size of Bank 2 

o 0 0 - No interleaving performed 
o 0 1 - Banks 0 and 1 are interleaved 

Banks 2 and 3 are not 
interleaved 
Banks 0 and 1 must be the 
same size 

o 0 - Banks 0 and 1 are not 
interleaved 
Banks 2 and 3 are interleaved 

o 1 - Banks 0 and 1 are interleaved 

PORT 
7472 

BIT14 

0 

0 

0 

0 

1 

1 

1 

PORT 3872 BANK 2 SIZE 

BIT5 BIT4 

0 0 64Kbits x 16 

0 1 256Kbits x 16 

1 0 1 Mbits x 16 

1 1 4Mbits x 16 

0 0 512Kbits x 16 

0 1 1 Mbits x 16 chip 

1 0 2 Mbits x 16 

Banks 2 and 3 are interleaved 
(Each pair must be the same 
size. Banks 0 and 1 may be 
a different size from Banks 2 I Reserved 
and 3.) 

:---

1 0 0 - Page Mode four-way interleave 
(Banks 0, 1, 2 and 3 must have Bits 03, 02 - SIZE_BNK1, Size of Bank 1 
one of the following DRAM con
figurations installed: 4 Mbits x 16; 
512 Kbits x 16; 2Mbits x 16; or 
1 Mbit x 16 chips.) 

DRAM Banks 3 through 0 

The WD791 0 and WD76910lP support all DRAM 
sizes. The DRAM sizes may be mixed. See sec
tion 10.14, DRAM Size and SMI RAM Register. 

Bits 07, 06 - SIZE_BNK3, Size of Bank 3 

PORT 
7472 PORT 3872 BANK 3 SIZE 

BIT 15 BIT7 BITS 

0 0 0 64Kbits x 16 

0 0 1 256Kbits x 16 

0 1 0 1 Mbits x 16 

0 1 1 4Mbits x 16 

1 0 0 512Kbits x 16 

1 0 1 1 Mbits x 16 chip 

1 1 0 2 Mbits x 16 

1 1 1 Reserved 

PORT 
7472 PORT 3872 BANK 1 SIZE 

BIT13 BIT 3 BIT2 

0 0 0 64Kbits x 16 

0 0 1 256Kbits x 16 

0 1 0 1 Mbits x 16 

0 1 1 4Mbits x 16 

1 0 0 512Kbits x 16 

1 0 1 1 Mbits x 16 chip 

1 1 0 2 Mbits x 16 

1 1 1 Reserved 

Bits 01, 00 - SIZE_BNKO, Size of Bank 0 

PORT 
7472 PORT 3872 BANKO SIZE 

BIT12 BIT 1 BIT 0 

0 0 0 64Kbits x 16 

0 0 1 256Kbits x 16 

0 1 0 1 Mbits x 16 

0 1 1 4Mbits x 16 

1 0 0 512Kbits x 16 

1 0 1 1 Mbits x 16 chip 

1 1 0 2 Mbits x 16 

1 1 1 Reserved 

8-48 ADVANCED INFORMATION 11/25/91 



MEMORY AND EMS CONTROL 

6.2.2 Memory Bank 3 Through Bank 0 
Starting Address 

Port Address 4872H - Read and Write 

15 114 1 13 1 12 1 11 1 1 0 1 09 1 08 
A24 A23 A22 A21 A20 A19 A18 A17 

Bank 1 start address 

07 I 06 1 05 1 04 1 03 I 02 I 01 I 00 
A24 A23 A22 A21 A20 A19 A18 A17 

Bank 0 start address 

Port Address 5072H - Read and Write 

15 1 14 1 13 1 12 1 11 1 1 0 i 09 1 08 
A24 A23 A22 A21 A20 A19 A18 A17 

Bank 3 start address 

07 1 06 1 05 1 04 1 03 1 02 1 01 1 00 
A24 A23 A22 A21 A20 A19 A18 A17 

Bank 2 start address 

WD7910/WD7910LP 

The starting address of the bank must be 
programmed on boundaries corresponding to the 
bank size. Smaller banks must be placed at a 
higher starting address than larger banks. The size 
of the bank is automatically set by the type and size 
of the RAM. When banks are interleaved, in either 
page or non-page mode, the interleaved banks 
should be enabled and programmed to the same 
starting address. 

The bank size is doubled for two-way interleave and 
quadrupled for four-way interleave. For example, if 
bank 0 has 256 Kbit DRAMs and banks 2 and 3 
have 1 Mbit DRAMs, the starting address for 
banks 2 and 3 should be zero. Both banks should 
be enabled. The size of the combined banks is 4 
Mbytes, double the size of the individual banks. 
The starting address for bank 0 should then be at 
4 Mbytes. For three banks of the same size, in 
which two are interleaved, the two interleaved 
banks must be placed at a lower starting address 
than the third bank. 

RAM SIZE PAGE SIZE BANK SIZE 

64Kbits x 16 512 Bytes 128 Kbytes 

256 Kbits x 16 1024 Bytes 512 Kbytes 

1 Mbits x 16 2048 Bytes 2048 Kbytes 

4 Mbits x 16 4096 Bytes 8192 Kbytes 

512 Kbits x 16 1024 Bytes 1024 Kbytes 

1 Mbit x 16 512 Bytes 2048 Kbytes 
chips 

2 Mbits x 16 1024 Bytes 4096 Kbytes 
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6.2.3 Split Starting Address 

Port Address 5872H - Read and Write 

15 14 13 12 11 I 10 09 108 

EN EN EN EN DRAM SPLIT -
BK3 BK2 BK1 BKO DRV SIZE 

07 I 06 I 05 I 04 I 03 102 01 100 

A24 A23 A22 A21 A20 A19 

Signal Default 
Name At RSTIN 
EN_BK3 ................ 0 
EN BK2 ................ 0 
EN-BK1 ................ 0 
EN-BKO ................ 0 
DRAM DRV .............. 00 
SPLIT 31ZE . . . . . . . . . . . . . . 00 
Bits 01, 00 . . . . . . . . . . . . . . . None 

Bit 15 - EN_BK3, Enable Bank 3 

EN_BK3 = 0-
Bank 3 is disabled (Default value) 

EN_BK3 = 1 -
Bank 3 is enabled 

Bit 14 - EN_BK2, Enable Bank 2 

EN_BK2 = 0-
Bank 2 is disabled (Default value) 

EN_BK2 = 1 -
Bank 2 is enabled 

Bit 13 - EN_BK1, Enable Bank 1 

EN_BK1 = 0-
Bank 1 is disabled (Default value) 

EN_BK1 = 1 -
Bank 1 is enabled 

Bit 12 - EN_BKO, Enable Bank 0 

EN_BKO = 0-
Bank 0 is disabled (Default value) 

EN_BKO = 1 -
Bank 0 is enabled 

Bits 11, 10 - DRAM_DRV, DRAM Driver Strength 

The DRAM address driver strength may be 
adjusted for capacitive load. When adjusted 
properly, output overshoot and undershoot is 
minimized while still meeting worst case 

MEMORY AND EMS CONTROL 

DRAM timing. The DRAM RAS, CAS and 
address buffers also automatically compen
sate for variations in temperature, voltage 
and manufacturing process. 

DRAM_DRV 
11 10 

o 0 - Full strength DRAM address 
drive, up to 350 pF 
(Default value) 

o - Low strength DRAM address 
drive, up to 100 pF 

o - Medium strength DRAM address 
r4l"i\lr\ 1110"\ + .... -t on .... 1":' 
.... lly'"',U,...,LV 1VVt-" 

- High strength DRAM address 
drive, up to 260 pF 

Bits 09, 08 - SP SIZE, Split Size 

The split is implemented by moving the block 
of memory between OAOOOOH through 
OFFFFFH to another area. The destination 
area must start on a 512 Kbyte boundary. If 
BIOS is to be shadowed, the split size must 
be 320 Kbyte for a 64 Kbyte shadow or 256 
Kbyte for a 128 Kbyte shadow, and the RAM 
Shadow And Write Protect Register (Port 
6072H) must also be programmed. 

Figure 6-1 illustrates that the memory from 
OAOOOOH (640 Kbyte) to 100000H (1024 
Kbyte) is available for remapping. The 
remapping may start at 100000H, providing 
384 Kbyte of extended memory, or may start 
at OFOOOOH to allow BIOS shadowing, with 
320 Kbyte of extended memory. Only a 
single bank may be split. The bank to be split 
must be at least 512 Kbyte or larger. 

SPLIT SIZE 

0908 

o 0 - No split (Default value) 
o 1 - 256 Kbyte split, memory moved 

from OAOOOOH to ODFFFFH 
o - 320 Kbyte split, memory moved 

from OAOOOOH to OEFFFFH 
- 384 Kbyte split, memory moved 

from OAOOOOH to OFFFFFH 

Bits 07-02 - A24-A19, Split Starting Address 

Bits 01, 00 - Not used, state is ignored 
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HEX HEX 
ADDRESS ADDRESS 

150000 256K 150000 
140000 moved 140000 
13FFFF 130000 

256K 
moved 

120000 RAM 

J 
120000 RAM 

110000 RAM 110000 RAM 
100000 RAM 100000 RAM 
OFOooO BIOS Shadow RAM OFOooO BIOS Shadow RAM 
OEFFFF NO RAM OEOOOO BIOS Shadow RAM 

ODOOOO NO RAM ODFFFF NO RAM 
oeoooo BIOS Shadow RAM oeoooo NO RAM 
OBFFFF NO RAM OBooOO 
OAOOOO OAOOOO 
09FFFF 640K 09FFFF 640K 
090000 090000 
080000 080000 

- AT STYLE - - PS/2 STYLE -
256K Split with 256K Split with 
64K main BIOS shadow 64K main BIOS shadow 
64K video BIOS shadow 64K video BIOS shadow 

HEX HEX 
ADDRESS ADDRESS 

150000 150000 RAM 384K 
140000 320K 140000 RAM 

moved 130000 
moved 

130000 RAM RAM 

~ 
120000 RAM 

~ 
120000 RAM 

110000 RAM 110000 RAM 
100000 RAM 100000 RAM 
OFOOOO BIOS Shadow RAM OFFFFF NO RAM 
OEFFFF NO RAM OEOOOO NO RAM 
ODOOOO NO RAM ODOOOO NO RAM 
oeoooo NO RAM oeoooo NO RAM 
OBOOOO NO RAM OBOOOO NO RAM 
OAOOOO OAOOOO 
O9FFFF 640K 09FFFF 640K 
090000 090000 
080000 080000 

320K Split with 384K Split with 
32K main BIOS shadow no shadow 

32K video BIOS shadow 

FIGURE 6-1. SPLIT SIZE 
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6.2.4 RAM Shadow And Write Protect 

Port Address 6072H - Read and Write 

15 114 13 12 11 10 09 1 08 

DIS_MEM HM WP INV PAR_ SHD 
WP- PAR DIS 

07 06 05 1 04 03 102 01 100 

x VB_SIZ ROM_ BL_MOU 
MEM TYP 

Signal 
Name 

Default 
At RSTIN 

D~ MEM . . . . . . . . . . . .. 00 
HM':=WP . . . . . . . . . . . . .. 0 
WP .................. 0 
INV_PAR ............... 0 
PAR_DIS ............... 0 
SHD .................. 00 
X_MEM ................ 0 
Bit 06 ........... None 
VB_SIZ ............. 00 
ROM_TYP ............... 00 
BL_MOUt .............. 00 

~ Featured only in the WD7910LP 

Bit 15,14 - DIS_MEM, Disable On-board Memory 

DIS_MEM 
1514 

o 0 - On-board memory from 128 KB 
to 640 KB not disabled 
(Default value). 

o - On-board memory from 512 KB 
to 640 KB disabled. 

o - On-board memory from 256 KB 
to 640 KB disabled. 

- On-board memory from 128 KB 
to 640 KB disabled. 

Bit 13 - HM_WP, High Memory Write Protect 
Enable 

This bit enables the write protection for the 
memory boundary established by the register 
at Port C072H. 

HM_WP = 0-
High memory write protect not enabled 
(Default value). 

HM_WP = 1 -
High memory write protect enabled. 
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Bit 12 - WP, Shadowed BIOS Write Protect 
Enable 

wp=o-
Write protect for shadowed BIOS not 
enabled (Default value). 

WP = 1-
Write protect for shadowed BIOS enabled. 

Bit 11 -INV_PAR, Invert Parity 

INV_PAR = 0-
Normal parity when writing to on-board 
DRAM (Default value). 

INV_PAR = 1 -
Invert parity when writing to on-board 
DRAM. 

Bit 10 - PAR_DIS, Parity Checking Disabled 

Parity checking is normally enabled or dis
abled by Port 061 H. Setting PAR_DIS over
rides the Port 061 H setting and disables 
parity checking. This ability is provided for 
systems without parity RAM. 

PAR_DIS = 0-
Parity checking as selected by Port 
061 H (Default value). 

PAR_DIS = 1 -
Parity checking disabled. 

Bits 09, 08 - SHD, Shadow BIOS 

Before the BIOS can be shadowed, the 
SPLIT_SIZE field in the Split Starting Address 
Register at Port 5872H must be programmed 
to non-zero. 

ROM at FEOOooH - FFFFFFH, the top of 16 
MByte address space is never shadowed. 

Option SHD 11 should be used when Video 
Remap Function is desired (i.e. Video BIOS 
in the lower half of EPROM shows up at 
COOOOH). 

64 Kbyte of system BIOS at OFOOOOH -
OFFFFFH, and up to 64 Kbyte of video BIOS 
at OCOOOOH - OCFFFFH, may be shadowed. 
This type of shadowing is accomplished by 
setting SHD = 10 and then writing the system 
and video BIOS into OEOOOOH - OFFFFFH. 
When SHD is set to 11, the video BIOS ap
pears at OCOOOOH - OCFFFFH rather than 
OEOOOOH - OEFFFFH. 

8-52 ADVANCED INFORMATION 11125/91 



MEMORY AND EMS CONTROL 

The video shadow size at oeOOOOH -
OeFFFFH is determined by VB_Sll, the 
video BIOS size field. 

SHD 

t 

t 

0908 

a a - No BIOS shadowing, allows 
384 KB remap (Default value). 

a - 64 KB system BIOS shadow, 
OFOOOOH - OFFFFFH, allows 
320 KB remap. 

1 0 - 128 KB system BIOS shadow, 
OEOOOOH - OFFFFFH, allows 
256 KB remap. 

1 1 - 64 KB system BIOS shadow, 
OFOOOO - OFFFFF and video 
BIOS shadow, allows 256 KB 
remap. 

t See note following bits 01,00. 

Bit 07 - X_MEM, Shadow BIOS for ReadIWrite 
Memory 

When SHD (bits 09 and 08) equals 11, X_MEM 
provides the means of using RAM from 
E8000H through EFFFFH not being used for 
video BIOS shadowing, to be used as 
read/write memory. 

. SHD = 11 

ROM_TYP = 10 . VB_SIZ = 01 

HEX 
ADDR. 

140000 
130000 
120000 

110000 

256K 
remapped 

100000 •••• «<... ......•. 

OFFFFF 
OFOOOO 

OEFFFF 
OEOOOO 

ODOOOO 
OC8001 

Shadowed. 
write protected 

OC8000 Shadowed. 
_OC_O_O_OO---'!L..;;;o ___ ...... --.I write protected 

FIGURE 6-2. X_MEM = 0 

WD 791 O/WD791 OLP 

·SHD=11 

ROM_ TYP = 10 . VB_SIZE = 01 

HEX 
ADDR. 

140000 

130000 
120000 
110000 

100000 

256K 
remapped 

OFFFFF Shadowed. 
OFOOOO write protected 
~OE~FF~F~F~~~--~~ 

OE8000 
OE7FFF 
OC8001 

OC8000 Shadowed. 
_OC~O..:..OO_0--1~~ ....... ~.;;;...J write protected 

FIGURE 6-3. X_MEM = 1 

Bit 06 - Not used, stale is ignored 

Bits 05,04 - VB_SIZ, Video BIOS Size 

VB_Sll t 
05 04 

a a - 16 KB video BIOS 
(Default value) 

a - 32 KB video BIOS 

a - 48 KB video BIOS 

1 - 64 KB video BIOS 

t See note following bits 01, 00. 

Bits 03, 02 - ROM_ TYP, ROM Type 

For ROM type 00, eSPROM is asserted 
when the address is OEOOOOH - OFFFFFH or 
FEOOOOH - FFFFFFH. 

For ROM type 01, eSPROM is asserted 
when the address is OFOOOOH - OFFFFFH or 
FFOOOOH - FFFFFFH. 

For ROM type 10, eSPROM is asserted when 
the address is OFOOOOH - OFFFFFH, FFOOOOH 
- FFFFFFH or OeOOOOH - OeXFFFH where X 
is determined by VB_Sll. This allows either a 
128 Kbyte BIOS with a 64 Kbyte system 
BIOS and a 64 Kbyte video BIOS, or a 64 
Kbyte BIOS with a 32 Kbyte system BIOS 
and a 32 Kbyte video BIOS. The 32 Kbyte 
video BIOS portion must be in the bottom half 
of the EPROM and is accessed both at 
eOOOOH - eXOOOH and FOOOOH - FXOOOH. A 
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64 Kbyte EPROM needs addresses SA15 -
SAO. A 128 Kbyte EPROM needs addresses 
SA 16 - SAO. Neither EPROM needs trans
lated addresses. 

CSPROM is CS4 through CSO, decoded as 
the value of 00. 

ROM_TYP 
0302 

o 0 - 128 KB system BIOS, located at 
EOOOOH - FFFFFH 

o - 64 KB system BIOS, located at 
FOOOOH - FFFFFH (Default 
value) 

t 1 0 ~ 64 KB or 128 KB shared BIOS 
System BIOS located at FOOOOH 
- FFFFFH, video BIOS located at 
COOOOH - CXOOOH 

1 1 - Reserved 

t See note following bits 01,00. 

Bits 01, 00 - BL_MOU, Backlight Mouse Control 
Featured only in the WD791 OlP 

Enabling the Backlight Mouse Control in
creases the CPU speed for one second if 
Auto Clock Switching is on. The AUT JST 
bit is located at Port 1072H bit 11. Enabling 
the Backlight Mouse Control also affects the 
Back/light and LCD timers in the PMC Timer 
Register at Port Address 8072H. 

Bl_MOU 
01 00 

o 0 - No mouse control 
(Default value) 

o 1 - INT12 mouse 

o - INT4 mouse 

1 - INT3 mouse 

MEMORY AND EMS CONTROL 

tNOTE 
When SHD = 11 and X_MEM = 0, or 
SHD = 00 and ROM_TYP = 10, the por
tion of OEOOOOH DRAM memory that is 
not mapped to OCOOOOH (as determined 
by VB_SIZ) is not accessible. Once a 
portion of OEOOOOH segment is mapped 
to OCOOOOH, all OEOOOOH accesses go 
to the expansion bus without generation 
of CSPROM. This allows AT bus plug-in 
boards and/or drivers to access the 
EOOOOH segment. 

6.2.5 High Memory. Write Protect Boundary 

Port Address C072H - Read and Write 

114 1 13 I 12 1 11 1 10 1 09 08 

07 I 06 J 05 I 04 I 03 I 02 I 01 I 00 

A24 A23 A22 A21 A20 A19 A18 A1? 

Signal Default 
Name At RSTIN 
Bits 15-08 . . . . . . . . . . . . . .. None 
A24-A17 ............... 00 

Bits 15-08 - Not used, state is ignored 

Bits 07-00 - A24-A17, Boundary Address 

Memory above the high memory write protect 
boundary is write protected when enabled by 
the HM_WP, bit 13 of the RAM Shadow And 
Write Protect Register at Port 6072H. This 
provides an additional write protect region for 
disk caching. 
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6.3 MEMORY TIMING 

The DRAM timing is determined by an internal 
delay line for DMA and Master Mode transfers. 
The RAS lead~e becomes active from the 
active level of MEMR and MEMW. The delay line 
is automatically tuned to fixed delays, using the 
14.318 MHz clock CLK14 as reference. 

When writing to the DRAM memory timing register 
at Port 4072H, the memory timing mode changes 
immediately. The code that programs this register 
should be in ROM and not shadowed in RAM. 

6.3.1 Non-page Mode DRAM Memory Timing 

Port Address 4072H - Read and Write 

15 14 1 13 12 11 110 09 108 

NP_MODE NP NP_WCAS - NP_RCAS 
RAW 

07 06 1 05 04 1 03 1 02 01 J 00 

NP RAS NP_PWE NP_WS 
HLD -

Signal Default 
Name At RSTIN 
Bits 15, 07 . . . . . . . . . . . . None 
NP MODE ........... 00 
NP-RAW ... . ....... 0 
NP:::WCAS .............. 00 
NP _RCAS ............... 00 
NP RAS HLD . . . . . . . . . . . . . 00 
NP:::PWE- ............... 000 
NP_WS ................ 00 

Bit 15 - Not used, state is ignored 

Bits 14, 13 - NP _MODE, Non-Page Mode 

There are two non-page modes available, 
Mode-OO and Mode-01. Mode-OO provides 
one processor clock of row address hold time 
and is used for 1, 2 or 3 wait state memory 
cycles. Mode-01 provides a half processor 
clock of row address hold time and is used 
for 0 wait state memory cycles. Because the 
memory timing may be adjusted in incre
ments of half a processor clock, Mode-OO is 
suited for all DRAM and processor speeds. 
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Mode-01 provides a half processor clock row 
address hold time, which is usually sufficient 
for system speeds of 12.5 MHz and slower. 
This compressed timing allows zero wait 
state operation. 

Table 6-1A shows typically required DRAM 
speeds and register programming values for 
various processor speeds. Because DRAM 
timing varies among manufacturers, the re
quired DRAM speed may differ from those 
listed in the table. 

NP_MODE 
1413 

o 0 - Minimum 1 wait state. 

o 1 - Minimum 0 wait state. 

PROCESSOR NP DRAM WAIT REGISTER 
SPEED MO-DE SPEED STATES 4072H 

12.5 MHz 01 80 ns 0 3560H 
16 MHz 01 53 ns 0 3560H 
16 MHz 00 80 ns 1 1025H 
20 MHz 00 80 ns 1 1025H 
20 MHz 00 100 ns 2 107AH 

TABLE 6-1A. TYPICAL DRAM SPEEDS 

Bit 12 - NP _RAW, Non-page disable Read After 
Write 

EMS accesses and interleave miss cycles 
(I/O cycle to device on RAD) may add one 
additional wait state. 

NP_RAW= 0-
Memory read cycles immediately follow
ing a write cycle causes an automatic 
wait state to be added before initiating the 
read cycle. 

NP_RAW= 1-
Read after write cycles do not have ad
ditional wait states. 

Bit 11,10 - NP _WCAS, Non-page Write CAS 
Delay 

NP_WCAS 
11 10 

o 0 - CAS write delay 1.0 CLK2 
o 1 - CAS write delay 1 .5 CLK2 
1 0 - CAS write delay 2.0 CLK2 
1 1 - CAS write delay 2.5 CLK2 
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Bit 09, 08 - NP _RCAS, Non-page Read CAS 
Delay 

NP_RCAS 
11 10 

o 0 - CAS read delay 1.0 CLK2 
o 1 - CAS read delay 1 .5 CLK2 
1 0 - CAS read delay 2.0 CLK2 
1 1 - CAS read delay 2.5 CLK2 

Bit 07 - Not used, state is ignored 

Bits 06, 05 - NP _RAS_HLO, Non-page CAS to 
RAS Hold Time 

The RAS active delay is reduced by half a 
clock during writes if NP _WCAS is set to 1X, 
or during reads if NP _RCAS is set to 1 X. 

NP_RAS_HLD 
0605 

o 0 - RAS active until 1.0 clock after 
CAS. 

o 1 - RAS active until 1.5 clock after 
CAS. 

o - RAS active until 2.0 clock after 
CAS. 

- RAS active until 2.5 clock after 
CAS. 

MEMORY AND EMS CONTROL 

Bits 04-02 - NP _PWE, Non-page CAS Pulse 
Width Extension 

The pulse width is reduced by half a clock 
during writes if NP _WCAS is set to X1, or 
during reads if NP _RCAS is set to 1X. 

NP_PWE 
040302 

o 0 0 - No extension (2 CLK2 normal) 

o 0 1 - Extended by 0.5 CLK2 

o 1 0 - Extended by 1.0 CLK2 

o 1 1 - Extended by 1.5 CLK2 

o 0 - Extended by 2.0 CLK2 

o 1 - Extended by 2.5 CLK2 

o -Extended by 3.0 CLK2 

1 - Extended by 3.5 CLK2 

Bits 01, 00 - NP _ WS, Non-page Wait States 

NP _WS makes it possible to unconditionally 
add wait states to all DRAM cycles. Con
dional wait states may be added to read after 
write cycles, EMS accesses and interleave 
miss cycles, with NP _RAW (bit 12). 

NP_WS 
0100 

o 0 - No wait states added 

o 1 - 1 Wait state added 

1 0 - 2 Wait states added 

1 1 - 3 Wait states added 

8-56 ADVANCED INFORMATION 11/25/91 



MEMORY AND EMS CONTROL WD791 O/WD791 OLP 

TIMING NUMBER OF CLK2'S 

MODE-DO MODE-01 

Row address to RAS 2 2 

RASwidth 3 + NPH + NPHB / 2 1 + NPH + NPHB /2 

Row address hold 1 0.5 

Column address setup (read) 1 + NPRF / 2 0.5 + NPRF /2 

Column address setup (write) 1 + NPWF / 2 1 + NPWF / 2 

RAS hold (read from CAS) 1 + NPHB / 2 - NPRF / 2 + NPH 0.5 - NPRF / 2 + NPH 

RAS hold (write) 1 + NPHB / 2 - NPWF / 2 + NPH 0.5 - NPWF /2 + NPH 

CAS width (read) CD + NPCAS + NPCB / 2 - NPRF / 2 CD + NPCAS + NPCB / 2 - NPRF / 2 

CAS width (write) CD + NPCAS + NPCB / 2 - NPWF / 2 CD + NPCAS + NPCB / 2 - NPWF / 2 

RAS precharge 2 x (2 + NP _WS) - RAS width 2 x (2 + NP _WS) - RAS width 

Column address hold 1 - NPCB / 2 1 - NPCB /2 

CD 2 if NPCAS = 0 or 1 
1 if NPCAS = 2 or 3 

NPWF = Bit 10 NPRF = Bit 08 NPH = Bit 06 NPHB = Bit 05 
NPCAS = Bits 04, 03 NPCB = Bit 02 NP _WS = Bits 01,00 

TABLE 6-1 B. NON-PAGE MODE TIMING 
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6.3.2 Page Mode 

Table 6-2. identifies the type of DRAM cycle and 
number of wait states for the 80286 and 80386SX 
processors. 

PAGE MODE DRAM CYCLE WAIT 
STATES 

80286 Write page hit 0 
Write page first access t 1 
Write page miss 2 
Read page hit 0 
Read after write page hit 1 
Read page first access t 2 
Read page miss 3 

80286 Write page hit 0 
With Write page first access t 1 
Discrete Write,oagemiss 2 
Cache Read cache hit 0 

Read cache miss, page hit 1 
Read cache miss, page first access t 3 
Read cache miss, page miss 4 

80386SX Write page hit, pipeline mode 0 
Write page hit, non-pipeline mode 1 
Write page first access, pipline mode t 1 
Write page miss, pipeline mode 2 
Write page miss, non-pipeline mode 3 
Read page hit, pipeline mode 0 
Read page hit, non-pipeline mode 1 
Read after write page hit, pipeline mode t 1 
Read page first access non-pipeline mode t 3 
Read page miss, pipeline mode 3 
Read page miss, non-pipeline mode 4 

80386SX Write page hit 0 
With Write page first access t 1 
Discrete Write page miss 2 
Cache, Read cache hit 0 
Non-pipe Read cache miss, page hit 1 

Read cache miss, page first access t 3 
Read cache miss, page miss 4 

t Equal Bank sizes, non-EMS cycle 

First access is a page mode memory cycle which immediately follows a 
refresh, DMA or master cycle. It is not necessary for the DRAMs to be 
precharged for a first access cycle, since all RAS signals have been high in 
the previous cycle. This shortens a first access page mode cycle by one wait 
state. For example, a read page miss, non-pipeline mode in 80386SX mode 
is four wait states. A read page miss, non-pipeline mode, first access in 
80386SX mode is three wait states. All installed DRAMs must be the same 
size and configuration and the memory cycle cannot be an EMS cycle for a 
first access to occur. 

TABLE 6·2. PAGE MODE WAIT STATES 
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6.3.3 Memory Address Multiplexer 

The memory address multiplexer generates the 
DRAM row and column address. The DRAM ad
dress multiplexer is designed so that the same 
type socket may be used for 64 Kbyte, 256 Kbyte, 
1 Mbyte or 4 Mbyte SIMM memory modules. 

RA11 I RA10 I RAg J RA8 I RA7 I RA6 I RA5 I RA4 I RA3 I RA2 I RA1 I RAO 

64 KBITS NON-INTERLEAVE 
ROW A13 

I 
A22 I A20 I A18 I A16 I A15 I A14 I A13 I A12 I A11 I A10 

I 
A9 

COL A13 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 

64 KBITS 2-WAY INTERLEAVE OR 256K NON-INTERLEAVE 
ROW A13 

I 
A22 I A20 I A18 I A16 I A15 I A14 I A13 I A12 I A11 I A10 

I 
A17 

COL A13 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 

64 KBITS 4-WAY INTERLEAVE, 256K 2-WAY INTERLEAVE, 1 MBITS NON-INTERLEAVE 
OR 512 KBITS X 8 2-WAY INTERLEAVE 

ROW A13 I A22 I A20 I A18 I A16 I A15 I A14 I A13 I A12 I A11 I A19 I A17 
COL A13 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 

256 KBITS 4-WAY INTERLEAVE, 1 MBITS 2-WAY INTERLEAVE, 
4 MBITS NON-INTERLEAVE OR 512 KBITS X 8 4-WAY INTERLEAVE 

ROW A13 
I 

A22 
I 

A20 I A18 I A16 J A15 I A14 I A13 I A12 I A21 I A19 
I 

A17 
COL A13 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 

1 MBITS 4-WAY OR 4 MBITS 2-WAY INTERLEAVE 
ROW A13 I A22 

I 
A20 

I 
A18 I A16 I A15 I A14 I A13 I A23 

I 
A21 

I 
A19 

I 
A17 

COL A13 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 

4 MBITS 4-WAY INTERLEAVE 
ROW A13 

I 
A22 

I 
A20 

I 
A18 I A16 I A15 I A14 I A24 I A23 

I 
A21 

I 
A19 

I 
A17 

COL A13 A 11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 

512K X 8 DRAM: NON-INTERLEAVE 
ROW A13 

I 
A22 I A19 

I 
A18 I A16 I A15 I A14 I A13 I A12 

I 
A11 

I 
A10 

I 
A17 

COL A13 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 

1 M X 16 DRAM: NON-INTERLEAVE 
ROW A13 

I 
A9 

I 
A19 

I 
A18 I A16 I A15 1 A14 I A20 I A12 

I 
A11 

-' 
A10 I A17 

COL A13 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 

1M X 16 DRAM: 2-WAY INTERLEAVE 
ROW A13 

I 
A10 

I 
A21 

I 
A18 I A16 -' A15 I A14 I A20 I A12 

I 
A11 

-' 

A19 I A17 
COL A13 A11 A10 M M ~ M M A4 A3 A2 A1 

1M X 16 DRAM: 4-WAY INTERLEAVE 
ROW A13 

I 
A22 

I 
A21 l A18 I A16 I A15 I A14 I A20 I A12 

I 
A11 

I 
A19 

I 
A17 

COL A13 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 

TABLE 6-3. PAGE MODE DRAM ADDRESS MULTIPLEXER CONFIGURATION 
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RA11 I RA10 I RAg 1 RA8 I RA7J RA6 J RAS I RA4 J RA3 I RA2 I RA1 I RAO 

2M X 8 DRAM: NON-INTERLEAVE 
ROW A13 

I 
A21 

I 
A19 

I 
A18 I A16 I A15 I A14 I A20 I A12 

I 
A11 

I 
A10 

I 
A17 

COL A13 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 

2M X 8 DRAM: 2-WAY INTERLEAVE 
ROW A13 

I 
A21 

I 
A19 

I 
A18 I A16 I A15 I A14 I A20 I A12 

I 
A11 

I 
A22 

I 
A17 

COL A13 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 

2M X 8 DRAM: 4-WAY INTERLEAVE 
ROW A13 1 A21 

I 
A19 

I 
A18 

1 A16 I A15 I A14 I A20 
I 

A12 
I 

A23 
I 

A22 1 A17 
COL A13 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 

REFRESH ADDRESS 
ROW I A10 I A9 I A8 I A7 I AS I A5 I A4 I A3 I A2 I A1 I AO 

TABLE 6-3. PAGE MODE DRAM ADDRESS MULTIPLEXER (Continued) 

RA11 RA10 RAg RA8 RA7 RA6 RAS RA4 RA3 RA2 RA1 RAO 
ROW A13 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 ALL 

COL A13 A22 A20 A18 A16 A15 A14 A13 A12 A11 A10 A9 64Kb 

COL A13 A22 A20 A18 A16 A15 A14 A13 A12 Al1 A10 A17 256 Kb 

COL A13 A22 A20 A18 A16 A15 A14 A13 A12 A11 A19 A17 1 Mb 
or 512 
Kbx8 

COL A13 A22 A20 A18 A16 A15 A14 A13 A12 A21 A19 A17 4Mb 

TABLE 6-4. NON-PAGE, NON-INTERLEAVE ADDRESS CONFIGURATION 

RA11 RA10 RAg RA8 RA7 RA6 RAS RA4 RA3 RA2 RA1 RAO 
ROW A13 All Al0 A9 A8 A7 A6 A5 A4 A3 A2 A13 ALL 

COL A13 A22 A20 A18 A16 A15 A14 A17 A12 A11 A10 A9 64 Kb 

COL A13 A22 A20 A18 A16 A15 A14 A19 A12 A11 A10 A17 256 Kb 

COL A13 A22 A20 A18 A16 A15 A14 A21 A12 A11 A19 A17 1 Mb 
or 512 
Kbx8 

COL A13 A22 A20 A18 A16 A15 A14 A12 A23 A21 A19 A17 4Mb 

TABLE 6-S. NON-PAGE, NON-INTERLEAVE ADDRESS CONFIGURATION 

8-60 ADVANCED INFORMATION 11125/91 



MEMORY AND EMS CONTROL 

6.4 EMS 

6.4.1 EMS Control And Lower EMS Boundary 

Port Address 6872H - Read and Write 

15 14 I 13 12 11 I 10 09 08 

INC PF_LOC EMS_EN 

07 06 I 05 I 04 I 03 I 02 I 01 I 00 

EN A23 A22 A21 A20 A19 A18 A17 
RES LOWER_EMS_BOUNDARY 

Signal Default 
Name At RSTIN 
INC .................. 0 
PF LOe ................ 00 
Bits 12,09,08 ............. None 
EMS EN ............. 00 
EN_RES ................ 0 
A23-A17 ................ 0 

Bit 15 - INC, Increment EMS Pointer 

The INC bit controls whether or not the EMS 
Pointer at Port E072H is to be incremented 
after each read or write of the EMS Page 
Register at Port E872H. 

INC = 0-
The EMS pointer does not increment 
(Default value). 

INC = 1 -
EMS pointer increments after access to 
EMS Page Register. 

Bits 14-13 - PF _LOC, Upper Page Frame Location 

PF _LOC determines the starting location of a 
block eight frames. See Table 6-6 for the 
upper page frame assignments. 

PF_LOC 
1413 

a 0 - Upper page frame starts at 
C4000H (Default value) 

a 1 - Upper page frame starts at 
C8000H 

a -Upper page frame starts at 
CCOOOH 

- Upper page frame starts at 
DOOOOH 

~D7910AVD7910LP 

Bit 12 - Not used, state is ignored 

Bits 11, 10 - EMS_EN, EMS Enable 

EMS_EN determines whether all EMS 
frames are to be enabled, only the upper 
page frames or no page frames. Tables 6-6 
and 6-7 show the upper and lower page 
frame assignments. 

EMS_EN 
11 10 

a a - Disable EMS (Default value) 

o 1 - Enable EMS Register 
programming without having to 
enable a Page Frame. This is 
useful for initializing the lower 
Page Frame. 

1 a -Enable upper Page Frame 
assignments and EMS register 
programming. 

1 1 - Enable upper and lower Page 
Frame assignments and EMS 
register programming. 

Bits 09, 08 - Not used, state is ignored 

Bits 07 - EN_RES, Enable Lower Boundary 

EN_RES determines whether A23 through A17 
(bits 06 through 00 of this register) are to be 
used as the lower EMS boundary or ignored. 

When the LOWER EMS BOUNDARY is 
enabled, the memorYabove the boundary is 
removed from the extended memory and 
reserved for EMS. 

EN_RES = 0-
Ignore LOWER_EMS_BOUNDARY 
(Default value) 

EN_RES = 1 -
Enable LOWER_EMS_BOUNDARY 

Bits 06-00 - A23-A17, 
LOWER_EMS_BOUNDARY 

The 10wer_EMS_boundary provides address 
bits A23 through A 17 and determines the 
starting address. 

This address must be set to 128 Kbyte below 
the actual start address. For example, to 
start EMS at the 1 Mbyte boundary, this field 
should be set to 07H. 
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6.4.2 EMS Page Register Pointer 

Port Address E072H -Bits 15-06 Read only, 
Bits 05-00 Read and Write 

15 114 1 13 112 1 11 1 10 1 09 1 08 
DLT 

16 15 15 13 12 11 10 9 

07 106 05 I 04 I 03 I 02 I 01 I 00 
DLT POINTER 

8 7 

Signal Default 
Name At RSTIN 
DLT .................. 0-0 
POINTER ............... 0 

EMS EMS 
REG PF_LOC =00 REG PF_LOC=01 
NUM NUM 

32 EOOOO-E3FFF 33 E4000-E7FFF 
39 DCOOO-DFFFF 32 EOOOO-E3FFF 
38 D8000-DBFFF 39 DCOOO-DFFFF 

.37 D4000-D7FFF 38 D8000-DBFFF 
36 DOOOO-D3FFF 37 D4000-D7FFF 
35 CCOOO-CFFFF 36 DOOOO-D3FFF 
34 C8000-CBFFF 35 CCOOO-CFFFF 
33 C4000-C7FFF 34 C8000-CBFFF 

MEMORY AND EMS CONTROL 

The EMS Page Register Pointer is used as an 
indirect address register. It is loaded with the 
EMS Page Register Number, ranging from 00 to 
39 decimal. If the INC bit is set in Port 6872H, the 
EMS Page Register Pointer is incremented after 
each read or write of the EMS Page Register at 
Port E872H. Tables 6-6 and 6-7 shows the EMS 
Page Register Pointer value and the page frame 
assign ments. 

Bits 15-06 - DLT, Delay Line Test 

In the Delay Line Test Mode, these bits repre
sent the state of internal Delay Line signals. 

The Delay Line Test is initiated by bit 8 (TDL) 
in the Test Enable Register at Port Address 
A872H. 

Bits 05-00 - POINTER, EMS Page Register 
Number 

Decimal number, 00 through 39. When 
programming this field, the hex equivalent 00 
through 27H should be used. 

EMS EMS 
REG PF_LOC = 10 REG PF_LOC = 11 
NUM NUM 

34 E8000-EBFFF 35 ECOOO-EFFFF 
33 E4000-E7FFF 34 E8000-EBFFF 
32 EOOOO-E3FFF 33 E4000-E7FFF 
39 DCOOO-DFFFF 32 EOOOO-E3FFF 
38 D8000-DBFFF 39 DCOOO-DFFFF 
37 D4000-D7FFF 38 D8000-DBFFF 
36 DOOOO-D3FFF 37 D4000-D7FFF 
35 CCOOO-CFFFF 36 DOOOO-D3FFF 

EMS registers 32 through 39 (decimal) can be individually enabled or disabled by the EN (bit 15) of 
the EMS Page Register. See Port E872H description. 

TABLE 6-6. UPPER PAGE FRAME ASSIGNMENTS 
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EMS EMS 
REG HEX DEC REG HEX DEC 
NUM NUM 

23 5COOO-5FFFF 368K-384K 7 9COOO-9FFFF 624K-640K 
22 58000-5BFFF 352K-368K 6 98000-9BFFF 608K-624K 
21 54000-57FFF 336K-352K 5 94000-97FFF 592K-608K 
20 50000-53FFF 320K-336K 4 90000-93FFF 576K-592K 
19 4COOO-4FFFF 304K-320K 3 8COOO-8FFFF 560K-576K 
18 48000-4BFFF 288K-304K 2 88000-8BFFF 544K-560K 
17 44000-47FFF 272K-288K 1 84000-87FFF 528 K-544 K 
16 40000-43FFF 256K-272K 0 80000-83FFF 512K-528K 
15 3COOO-3FFFF 240K-256K 31 7COOO-7FFFF 496K-512K 
14 38000-3BFFF 224K-240K 30 78000-7BFFF 480K-496K 
13 34000-37FFF 208K-224K 29 74000-77FFF 464K-480K 
12 30000-33FFF 192K-208K 28 70000-73FFF 448K-464K 
11 2COOO-2FFFF 176K-192K 27 6COOO-6FFFF 4320-448K 
10 28000-2BFFF 160K-176K 26 68000-6BFFF 416K-432K 
9 24000-27FFF 144K-160K 25 64000-67FFF 400K-416K 
8 20000-23FFF 128K-144K 24 60000-63FFF 384K-400K 

EMS registers 0 through 31 (decimal) are enabled or disabled as a block. If the EMS_EN 
field of Port 6872H is 11, the EMS registers 0 through 31 are enabled and the EN (bit 15) 
of the EMS Page Register is treated as a one. See Port E872H description. 

TABLE 6-7. LOWER PAGE FRAME ASSIGNMENTS 
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6.4.3 EMS Page Register 

Port Address E872H - Bits 14-12 Read only, 
Bits 15, 11-00 Read 
and Write 

There are 40 EMS Page Registers accessible 
through Port E872H. Only EMS registers 32 
through 39 are initialized to zero. EMS registers 0 
through 31 are not initialized. The EMS Page 
Register Pointer at Port E072H provides the offset 
location for Port E872H. 

15 14 13 12 11 I 10 1 09 I 08 
EN 0 0 0 P11 P10 P9 P8 

07 1 06 1 05 1 04 1 03 1 02 1 01 1 00 
P7 P6 P5 P4 P3 P2 P1 PO 

Signal Default 
Name At RSTIN 
EN ... . . . . . . . . . . . 0 
Bits 14-12 . . . . . . . . . . . . . . . 0 
P11-PO ................ 0 

Bit 15 - EN, Enable EMS Page Register 

EMS Page Registers 32 through 39 can be 
individually enabled or disabled by the EN bit. 
EMS Page Registers 0 through 31 are 
enabled or disabled as a block by the setting 
of the EMS_EN field in the EMS Control 
Register at Port 6872H. When EMS_EN 
equals 11, the EN bit in this register is treated 
as a one for the lower Page Frame. 

EN = 0-
This EMS Page Register is disabled 

EN = 1 -
This EMS Page Register is enabled 

MEMORY AND EMS CONTROL 

Bits 14-12 - Read only, not used by the System 
Controller 

Bits 11-00 - P11 through POO, EMS Page 
Number 

EMS page numbers 8 through 39 and 64 
through 2047 are supported for on-board 
memory, equal to 31.5 MBytes of EMS 
memory. The memory address is generated 
by reading the EMS page number from the 
System Controller and multiplying it by 16 
Kbytes, then adding the lower 14 bits of the 
processor address to the product. This results 
in EMS page numbers zero through seven 
being mapped to the lower 128 Kbytes of 
memory and On-board extended memory 
being able to be accessed in real mode via 
the EMS logic. 

EMS page numbers 2048 through 2303, 
equal to 4 MBytes, are used for external EMS 
memory, providing a method of accessing 
plug-in RAM or ROM cards. If P11 is 1 when 
an external EMS access occurs, EMS page 
number bits P7 through PO are output on 
RAO-7/EDO-7 and the EMS chip select is 
asserted. The RAM/ROM card should access 
data on ~expansion data bus, using 
MEMR, MEMW, MEMCS16 and IOCHRDY 
to make the transfer. 

NOTE 
When using external EMS memory with 
P11 = 1, EN (bit 15) must be O. 
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7.0 CACHE CONTROLLER 
The Cache Controller provides an effective way to 
increase the memory bandwidth by storing the 
most frequently used data in the internal Cache 
DATA RAM. The WD7910 provides both software 
and hardware mechanisms to assure coherency 
of the data between CPU, DMA and Bus Master 
cycles. During DMAIMaster write cycles, the con
troller will compare the system address and the 
tag contents. If the address matches, the data will 
be written into the data RAM. The cache can also 
be flushed by writing to the flush register. 

7.1 CACHE ARCHITECTURE 

The cache controller contains of eight functional 
blocks. 

• Processor Interface 

• TAG RAM 

• DATA RAM 

• SNOOP Interface 

• Non-cacheable Control 

• Diagnostic Control Logic 

• LRU 

• Flush 

Figure 7-1 shows a block diagram of the cache. 

7.1.1 Processor Interface 

The processor interface supports the 80386SX in 
both pipeline and non-pipeline mode. It keeps 
track of the 80386SX processor states a 
generates READY for read hit cycles. It ignores 
all the I/O and co-processor cycles. 

7.1.2 TAG RAM 

BIST (Built-ln-Self-Test)logic is included in the 
TAG RAM to reduce test time. 

The internal TAG RAM is organized as two sets of 
256 x 21 self-timed synchronous static RAM. 
Twelve bits are used to store A 12:23 from the 
processor; 8 bits are used to store the demul
tiplexed A1:3 as line valid, and 1 bit is used as 
block valid. The block valid bit can be cleared by 

Ul 
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FIGURE 7-1. CACHE CONTROLLER 
FUNCTIONAL DIAGRAM 

the FLUSH function which flushes the cache con
tents and causes block miss for all the sub
sequent cycles. 

A4 through A 11 from the 80386SX selects one of 
the entries from each set. The output from the 
TAG RAM is compared against the address 
(A 12:23,A 1 :A3) from the processor. If the ad
dress is the same and the corresponding line 
valid and block valid bits are set, a cache hit cycle 
is activated. If an address match occurs when the 
block valid bit is set, and the line valid is clear, it is 
a line miss. On the other hand, if the address 
does not compare or the block valid bit is clear, it 
is a block miss cycle. 
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21 BITS 
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• .. • 12 BITS B BITS 
TAG SET 0 TAG SET 1 

16 BITS 16 BITS 

A1:11_ 
00:15 2K ENTRIES 00:15 

DATA SET 0 DATA SET 1 

FIGURE 7·2. TAG RAM AND DATA RAM STRUCTURE 

During the read block miss cycle, the address is 
written into the TAG RAM, the block valid bit is 
set, and the corresponding line valid bit is set. 

During the read line miss cycle, the corresponding 
line valid bit is set, and all other bits are not al
tered. 

Address Line Block 
Compare Valid Valid 

X X 0 Block Miss 

0 X 1 Block Miss 

1 0 1 Line Miss 

1 1 1 Hit 

During a memory write cycle, the contents of the 
TAG RAM is not affected. The Block size of the 
TAG RAM is eight lines and each line is 2 bytes. 
The TAG RAM enters low power mode during Full 
Power Down to conserve power. 

7.1.3 Data RAM 

The internal DATA RAM is organized as 2 sets of 
2K x 16. During a read hit cycle, the data is 
provided by one of the sets of DATA RAM to the 
processor. During a read miss cycle, the data is 

provided by the DRAM to the processor and is 
written into the DATA RAM. If the read cycle is a 
page hit, it will be a one wait state cycle. If it is a 
page miss, it will be a four wait states cycle. See 
Section 13.4, Cache Controller Timing. 

During a write hit cycle, the data from the proces
sor is written into the DATA RAM to maintain data 
coherency. In a write miss cycle, either block miss 
or line miss, no action is taken and DATA RAM 
contents are not affected. See Section 13.4, 
Cache Controller Timing. 

The DATA RAM enters low power mode during 
Full Power Down to conserve power. BIST logic is 
included in the DATA RAM to reduce test time. 

7.1.4 Snoop Interface 

The Snoop interface maintains the data coheren
cy when DMA or Master cycles take place. When 
a DMA or Bus Master write cycle occurs, the 
Snoop logic will update the data in the DATA RAM 
if the address from DMA or the Bus Master is the 
same as the corresponding TAG address{Hit 
cycle). If no match is indicated (Miss cycle), the 
DATA RAM will not be updated. See Section 13.4, 
Cache Controller Timing. 
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7.1.5 Non-cacheable Control 

Two user definable and twelve standard non
cacheable regions are provided. Ten of the twelve 
standard regions are 16KB increments from 
C8000H - EFFFFH. These regions can be used 
as EMS memory or for DOS 5.0 Upper Memory 
Blocks and can be enabled or disabled individual
ly. The other two standard non-cacheable regions 
are the video BIOS area (COOOO-CXFFF or 
EOOOO-EFFFF) and the system BIOS area 
(FOOOO-FFFFF). The Non-cacheable control logic 
allows cacheing of these regions to be enabled or 
disabled individually. 

The two user definable non-cacheable regions 
can also be enabled individually. The non-cache
able regions are set by the upper and lower limit 
registers. These regions are assigned on 4Kbyte 
boundaries anywhere in the 16MB physical ad
dress space of the 80386SX. 

The typical applications of these user defined 
noncacheable areas are the memory between 
512KB and 640KB, and the memory accessed on 
the AT bus. When powered up, the WD7910 as
sumes all the memory from OKB to 640KB and 1 M 
to 16MB are cacheable. It is necessary to have 
the BIOS to program the noncacheable region 
registers. 

7.1.6 Diagnostic Control Logic 

The function of the diagnostic control logic, when 
enabled, is to map the internal TAG RAM and 
LRU RAM to address 20000H and DATA RAM to 
address 40000H. In this mode, memory acces
ses to these address ranges are diverted to the 
internal TAG RAM and DATA RAM. This permits 
the system BIOS to test the internal DATA RAM 
and TAG RAM. 

During Diagnostic Access, the 21-bit TAG RAM 
(020:0) and the 2-bit LRU RAM (L 1 :0) are con
catenated to 23 bits and mapped into the Address 
Space by using A 1 to determine whether the data 
presented is TAG RAM bits D20-D9 (A1 Low) or 
TAG RAM bits {L1:0,D8:0} (A1 high). Since the 
LRU RAM has 128 entries (See Section 3.1.7) 
whereas the TAG RAM has 256 entries, so ad
dress A4 has no effect on the selection of the LRU 
RAM. 

WD7910IWD7910LP 

7.1.7 LRU 

The LRU section has 128 entries and each entry 
has 2 bits. Addresses 11:5 are used to select one 
of the entries and Address 4 is used to select one 
of the two bits. In the event of a read miss, either 
group can be updated with new data. The LRU 
bit of the corresponding entry flags the candidate 
for replacement. Once the replacement is done, 
LRU bit of the corresponding entry is changed 
and pointed to the other set. In the event of read 
hit, the LRU bit of the corresponding entry points 
to the other set. During a write hit cycle, the cor
responding LRU bit is changed and pointed to the 
other set. The LRU bit is not changed for write 
miss cycles. All the entries are reset to zero by 
NRESIN. 

7.1.8 Flush 

Flush is used to clear all the block valid bits in the 
TAG RAM and to clear all the LRU bits. This 
force the cache controller to rebuild the cache 
contents and force all the subsequent fetch to the 
DRAM. This is used after an EMS page change. 

7.2 CACHE CONTROL REGISTER 

Port Address C472 Read / Write 

15 14 13 12 11 10 09 08 
c c c C MFR HI ME HI ME 

ENBL SSB DIAG SVB 
C_M 

M9 M8 

07 06 05 04 03 02 01 00 
HI ME HI ME HI ME HI ME HI ME HI ME HI ME HI ME 

M7 M6 M5 M4 M3 M2 M1 MO 

Bit 15 - C_ENBL, Cache Enable 

This bit is used to enable the cache control
ler. Before writing to this bit, the memory 
controller must be programmed to support 
the cache mode. This can be done by writing 
(01) to bit 13 and 12 of register 3872. When 
this bit is changed, a hold acknowledge cycle 
is required before the change goes into ef
fect. 

C_ENBL= 1 Cache Enable 
C_ENBL= 0 Cache Disable (Default) 
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Bit 14 - C_SSB, Cache Shadowed System BIOS 
at FOOOOH through FFFFFH 

When the System BIOS is shadowed, it can 
also be cached to increase the system BIOS 
performance When this bit is changed, a hold 
acknowledge cycle is required before the 
change goes into effect. 

C_SSB = 1 Enable caching of shadow RAM. 
When Custom mode is enabled, the address 
from OFOOOOH - OFOFFFH is not cached. 

C~SSB = 0 Disable caching of shadow RAM 
(Default) 

Bit 13 - C_DIAG, Cache Diagnostic Mode 

Enabling the cache and this bit puts the 
cache into diagnostic mode as described in 
section 7.1.6. When this bit is changed, a 
hold acknowledge cycle is required before 
the change goes into effect. 

C_DIAG = 1 Cache is in diagnostic mode 

C_DIAG = 0 Standard cache mode 
(Default) 

Bit 12 - C SVB, Cache Shadowed Video BIOS at 
EOOOOH through EFFFFH or COOOOH through 
CXXXXH 

When the Video BIOS is shadowed, it can 
also be cached to increase the Video BIOS 
performance When this bit is changed, a hold 
acknowledge cycle is required before the 
change goes into effect. 

C_SVB = 1 Enable Cacheing Video BIOS 

C_SVB = 0 Disable Cacheing Video BIOS 
(Default) 

Bit 11 - C_MFR, Manufacturing Test Bit 

Bit 10 - C, Cache Mode 

C = 1 2-way set associative 
C = 0 Direct-mapped (Default) 

Bits 9:0 - HI-MEM, High memory region caching 
control. Setting these bits enables the caching of 
the HI-MEM region. Default after reset is O. 

BIT 9 ECOOOH - EFFFFH 
BIT 8 E8000H - EBFFFH 
BIT 7 E4000H - E7FFFH 
BIT 6 EOOOOH - E3FFFH 
BIT 5 DCOOOH - DFFFFH 
BIT 4 D8000H - DBFFFH 
BIT 3 D4000H - D7FFFH 

CACHE CONTROLLER 

BIT 2 DOOOOH - D3FFFH 
BIT 1 CCOOOH - CFFFFH 
BIT 0 C8000H - CBFFFH 

Bits 9:0 = 1, Enable caching 
Bits 9:0 = 0, Disable caching 

7.2.1 Noncacheable Region 1 Upper 
Boundary. 

Port Address BC72. Read/Write 

15 14 13 12 11 10 09 08 
A23 A22 A21 A20 A19 A18 A17 A16 

07 06 05 04 03 02 01 00 
A15 A14 A13 A12 S INT INT S_ 

REF DIS ST- 10 
RDY 

This register determines the upper address 
boundary of the user defineable noncacheable 
region 1. Default after reset is zero. 

Bits 15:4, = A23: 12 of the upper address bound
ary 

Bit 3, Slow Refresh 

When this bit is set, the DRAM refresh rate is 
slowed down to 120IlS. This bit does not af
fect the refresh toggle bit in Port 61. 

Bit 3 = 1, Enable Slow Refresh 

Bit 3 = 0, Disable Slow Refresh (Default) 

Bit 2, Interrupt Disable 

When this bit is set, the interrupt from the 
interrupt controller is disabled. The com
mand will not take effect immediately if the 
interrupt request signal from the interrupt 
controller is active. The command will take 
effect immediately if the interrupt request sig
nal is inactive. This allows control of the in
terrupt regardless of the Operating system 
privilege level. 

Bit 2 = 1, Disable the hardware interrupt from 
the interrupt Controller 

Bit 2 = 0, Enable hardware interrupt. 

Bit 1, Interrupt Disable Status (Read Only) 

This enables reading of Interrupt Status 
regardless of Operating System privilege 
Level. 
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Bit 1 = 1, Indicates the Interrupt Disable com
mand is pending 

Bit 1 = 0, Indicates the Interrupt Disable com
mand is processed 

Bit 0, SNOOP with IOCHRDY active 

During periods when the CPU Clock is slower 
than the AT BUS clock (slowed for power 
savings), the Snoop Logic may be unable to 
properly track the memory cycle during DMA 
or BUS Master Cycles. Setting this bit 
enables the WD7910 to use the IOCHRDY 
signal to lengthen the cycle. 

Bit ° = 1, Enable IOCHRDY for DMNMaster 
cycle 

Bit ° = 0, Disable IOCHRDY for DMNMaster 
cycle (Default) 

WD7910/WD7910LP 

7.2.2 Noncacheable Region 1 Lower 
Boundary 

Port Address B472. ReadlWrite 

07 06 05 04 03 02 01 00 
A15 A14 A13 A12 S X S BIST 

DMA WS BIST S 
CLK- -

This register determines the lower address 
boundary of the user defineable noncacheable 
region 1. Noncacheable region 1 is disabled 
when the upper boundary is set below the lower 
boundary. Default after reset is zero. 

Bits 15:4, A23: 12 of the lower address bound
ary. 

Bit 3, Stop DMA Clock 

Setting this bit causes the DMA clock to stop 
while there is no DMA activity. Upon any 
DMA request (DRQn), the DMA clock starts 
up again and continues to run until 16 DMA 
clocks after the end of the DMA Acknowledge 
(DACKn). 

Bit 3 = 1 , Enable Stop DMA Clock 

Bit 3 = 0, Disable Stop DMA Clock (Default) 

Bit 2, Extra Wait State for Page Mode 

If this bit is active, it adds an extra wait state 
to all the memory cycles. With this featury 
system manufacturer can use slower DRAM 
for WD791 ° system without loss of huge per
formance and achieve saving since the 
majority of the memory access are directly to 
the internal cache. 

Bits 1, Start BIST 

Setting bit 1 forces the BIST to check the 
TAG RAM and DATA RAM. The result can be 
checked by reading BIT 0. Bit ° is a read only 
register. 

Bit 0, BIST Status 

Bit ° = 1 , RAM error. 

Bit ° = 0, No error found. 
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7.2.3 Noncacheable Region 2 Lower 
Boundary 

Port Address CC72 ReadlWrite 

07 06 05 04 03 02 01 
A15 A14 A13 A12 

00 
NR 
2C 

This IS used to determme the lower address 
boundary of the user defineable noncacheable 
region 2, Any address above or equal to this ad
dress is considered non-cacheable. Default after 
reset is zero. 

Bits 15:4, A23: 12 of the lower address bound
ary 

Bits 3:1, Test Register 

For Factory use only. 

Bit 0, Non-cacheable Region 2 

Bit 0 = 1, enables non-cacheable Region 2 
Bit 0 = 0, disables non-cacheable Region 2 
(default) 

CACHE CONTROLLER 

7.2.4 Flush 

Port Address F872H Write Only 

/14 /13 109 /08 

07 106 I 05 I 04 I 03 I 02 J 01 J 00 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . . .. None 

Writing to this I/O port with any data will clear all 
the valid bits in the TAG RAM. This is ordinarily 
used to clear the cache when there is a change to 
the EMS page register and also causes the 
WD791 ° to output Chip Select number 13H. 
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8.0 PORT CHIP SELECT AND WD7910LP REFRESH 
This section describes refresh control logic 
peculiar to the WD7910lP and used by the power 
down feature. This section also describes the 
registers used to control the following functions: 

• Port chip select and control 

• High speed hard disk access 

• AT hard disk IDE mode 

• 8/16 bit 80287 bus timing 

• Real-Time Clock bus location 

• Access to the CMOS RAM password 

Table 8-1 identifies the ports, their Chip Select 
number, I/O address and function. 

8.1 REFRESH CONTROL, SERIAL AND 
PARALLEL CHIP SELECTS 

Port Address 2072H - Read and Write 

15 14 13 12 11 10 I 09 

M_ v CBR - CBR_ SCSI PAR 
REF REF REF SR 

07106105 04 03 1 02 1 01 

SER_A SER_ SER_B 
AL 

Signal Default 
Name At RSTIN 
M_REFt ............... 0 
V_REFt ................ 0 
CBR_REFt .............. 0 
CBR_SR ................ 0 
SCSI .................. 0 
PAR .................. 00 
PAR L ................. 0 
SER-A ................ 000 
SER-AL ................ 0 
SER:::B ................ 000 
SER_BL ................ 0 

t Featured only in the WD7910LP 

08 

PAR_ 
L 

00 

SER_ 
BL 

Bit 15 - M_REF, Memory Refresh Power Down 
Mode 
Featured only in the WD791 OlP 

The refresh period may be lengthened for 
extended refresh DRAM while maintaining 
bus compatibility. When slow refresh is 
selected, main on-board memory is refreshed 
at one eighth the normal rate. In the Full 
Power Down mode, selected by the FPD bit 
in the register at Port 1872H, and M_REF = 
1, the on-board DRAM is refreshed with 
every eighth NPDREF. NPDREF is a 64 
KHz input signal supplied by the WD76C20. 

M_REF = 0-
Normal refresh period for main on
board memory (Default value). 

M_REF = 1 -
Slow refresh main on-board memory. 

Bit 14 - V_REF, Video Refresh Power Down Mode 
Featured only in the WD791 OlP 

The refresh period may be lengthened for 
extended refresh DRAM while maintaining 
bus compatibility. When slow refresh is 
selected, main on-board memory is refreshed 
at one eighth the normal rate. In the Full 
Power Down mode, selected by the FPD bit 
in the register at Port 1872H, and V_REF = 1, 
the on-board DRAM is refreshed with every 
eighth NPDREF. NPDREF is a 64 KHz input 
signal supplied by the WD76C20. 

V_REF=O-
Normal refresh period for video memory 
(Default value) 

V_REF = 1 -
Slow refresh video memory 

Bit 13 - CBR_REF, CAS Before RAS Refresh 
For On-board DRAM 
Featured only in the WD791 OlP 

Most standard DRAMs support this type of 
CAS before RAS refresh, while special 
DRAMs do not. 

CBR_REF = 0-
Normal refresh for on-board DRAM 
(Default value) 

CBR_REF = 1 -
CAS before RAS refresh 
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Bit 12 - CBR_SR, CAS Before RAS Self Refresh 

CAS before RAS self refresh is supported only by 
special DRAMs. 

CBR SR = 0-
-No CAS before RAS self refresh 
(Default value) 

CBR_SR = 1 -
CAS before RAS self refresh of DRAM 
is supported during suspend and resume, 
where CAS is held low continuously while 
in suspend. 

Bit 11 - SCSI, Small Computer System 
Interface Chip Select 

The SCSI is selected by chip select number 
12. See Table 8-1. 

SCSI = 0-
SCSI chip select disabled 
(Default value) 

SCSI = 1 -
SCSI chip select at I/O port 353XH 

Bits 10,09 - PAR, Parallel Port Chip Select 

The parallel port is selected by chip select 
number OFH and may be located at I/O ad
dress 278H through 27FH, 378H through 
37FH, or 3BCH through 3BFH. Bits 10 and 
09 may disable the chip select or locate it at 
one of three areas. See Table 8-1. 

PAR 
10 09 

a a - PAR chip select disabled 
(Default value) 

a -PAR chip select at I/O port 
3BCH -3BFH 

a - PAR chip select at I/O port 
378H - 37FH 

- PAR chip select at I/O port 
278H - 27FH 

Bit 08 - PAR_L, Parallel Port Bus Location 

PAR_L= 0-
Parallel port is located on the 
RAO-7/EDO-7 bus. This is typical when 
the WD76C30 is used. 

PAR_L = 1 -
Parallel port is located on the expansion 
data bus. 

PORT CHIP SELECT AND WD7910LP REFRESH 

Bits 07, 06, 05 - SER_A, Serial Port A Chip Select 

The serial port A is selected by chip select 
number OEH and may be located at I/O ad
dress 2E8H through 2EFH, 2F8H through 
2FFH, 3E8H through 3EFH or 3F8H through 
3FFH. Bits 07, 06, and 05 may disable the 
chip select or locate it at one of the four 
areas. See Table 8-1. 

It is possible to select the same I/O port 
address for serial port A and serial port B. 
Selecting the same address for both ports 
results in an unpredictable response and 
should not be done. 

SER_A 
07 06 05 

a a a -Serial port A chip select 
disabled (Default value) 

a a 1 - Serial port A chip select at I/O 
port 3F8H - 3FFH 

a a -Serial port A chip select at I/O 
port 2F8H - 2FFH 

a 1 - Serial port A chip select at I/O 
port 3E8H - 3EFH 

a a -Serial port A chip select at I/O 
port 2E8H - 2EFH 

Bit 04 - SER_AL, Serial A Port Bus Location 

SER AL= 0-
-Serial port A is located on the 
RAO-7/EDO-7 bus. This is typical when 
the WD76C30 is used. 

SER AL = 1 -
-Serial port A is located on the expan
sion data bus. 

Bits 03, 02, 01 - SER_B Serial Port B Chip Select 

The serial port B is selected by chip select 
number 10 and may be located at I/O address 
2E8H through 2EFH, 2F8H through 2FFH, 
3E8H through 3EFH or 3F8H through 3FFH. 
Bits 03, 02 and 01 may disable the chip 
select or locate it at one of the four areas. 
See Table 8-1. 

It is possible to select the same I/O port 
address for serial port B and serial port A. 
Selecting the same address for both ports 
results in an unpredictable response and 
should not be done. 
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SER_B 
030201 

o 0 0 - Serial port B chip select 
disabled (Default value) 

0 0 1 - Serial port B chip select at I/O 
port 3F8H - 3FFH 

0 o - Serial port B chip select at I/O 
port 2F8H - 2FFH 

0 1 - Serial port B chip select at I/O 
port 3E8H - 3EFH 

0 o - Serial port B chip select at I/O 
port 2E8H - 2EFH 

Bit 00 - SER_BL, Serial B Port Bus Location 

SER_BL = 0-
Serial port B is located on the 
RAO-7/EDO-7 bus. This is typical when 
the WD76C30 is used. 

SER_BL = 1 -
Serial port B is located on the expansion 
data bus 

8.2 RTC, PVGA, 80287 TIMING, AND DISK 
CHIP SELECTS 

Port Address 2872H - Read and Write 

Bits 12 through 07 and Port Address 3072H con
trol the use and location of the Programmable 
Chip Select. 

15 14 13 12 11 10 I 09 I 08 

RTC - FST FST EN U L_MSK1 
L VGA- scSi PCS1 MSK1 

07 06 05 04 03 02 01 00 

PRG HS PIS HS LK DS DS 
L HD- 287- PSW HD- FLP 

Signal Default 
Name At RSTIN 
RTC_L ................ 0 
FST_VGA ............... 0 
FST_SCSI ............... 0 
EN_PCS ................ 0 
U_MSK1 ................ 00 
L_MSK1 ............... 00 
PRG L ................. 0 
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HS HO ................ 000 
PIS .................. 000 
HS 287 ................ 0 
LK PSW ................ 0 
OS HO ................ 0 
OS FLP ................ 0 

Bit 15 - RTC_L, Real-Time Clock 

The Real-Time Clock is normally on the 
RAO-7/EDO-7 bus but may be placed on the 
expansion data bus. 

RTC_L= O-
Real-Time Clock is on the RAO-7/EDO-7 
bus (Default value). 

RTC_L= 1 -
Real-Time Clock is on the expansion 
data bus. This is the required setting 
when the WD76C20 is used. 

Bit 14 - FST_VGA, Fast VGA Video 

The performance of Western Digital Imaging 
PVGA display controllers may be enhanced 
by reducing wait states for access to video 
I/O. This feature should only be used with 
Western Digital Imaging PVGA1A, 
WD90C90, WD90C30, WD90C20, WD90C11 
and WD90C10 devices. I/O cycles to eight
bit ports 3COH - 1 H, 3C4H - 5H and 3CEH -
FH are made with one wait state cycles. 

FST_VGA = 0-
Normal PVGA control (Default value) 

FST_VGA = 1 -
One wait state I/O cycle to PVGA 

Bit 13 - FST_SCSI, Fast SCSI 

The performance of the WD33C93 SCSI Con
toller is enhanced by performing eight-bit ac
cesses with one wait state rather than four 
wait states. 

FST _SCSI = 0 -
Four Wait States (Default value) 

FST_SCSI = 1 -
One Wait State 

Bit 12 - EN_PCS1, Enable Programmable Chip 
Select 1 

The Programmable Chip Select logic is selected 
with chip select 11 and may be disabled or 
enabled. See Table 8-1. 
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EN_PCS = 0-
Disable Programmable Chip Select 
(Default value) 

EN_PCS = 1 -
Enable Programmable Chip Select 

Bit 11 - U_MSK1, Upper Address Bits Masked 

U_MSKI determines whether or not the upper 
address bits A 15 through A 10 are to be used 
as designated in the Programmable Chip 
Select Address Register at Port 3072H. 

U_MSKI = 0-
. A 15 through A 10 are ignored 

(Default value). 

U_MSKI = ~ -
A 15 through A 10 are included in the 
address. 

Bits 10, 09, 08 - L_MSK1, Lower Address Bits 
Masked 

L_MSK1 determines whether the lower four 
address bits A03 through AOO are to be used 
as designated in the Programmable Chip 
Select Address Register at Port 3072H. 

L_MSK1 
100908 

o 0 0 - A09 through AOO are included 
in the address (Default value). 

o 0 1 - AOO is ignored. 

o 0 - AOO, A01 are ignored. 

o 1 - AOO, A01, A02 are ignored. 

o 0 - AOO, A02, A03 are ignored, 
A01 is not ignored, ver. A-F. 
AOO, A01 , A02 A03 are ignored, 
WD76C10A and newer. 

Bit 07 - PRG_L, Programmable Chip Select Bus 
Location 

PRG_L= 0-
Programmable Chip Select is on the 
RAO-7/EDO-7 bus (Default value). 

PRG_L = 1 -
Programmable Chip Select is on the 
expansion bus. 
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Bit 06 - HS_HD, High Speed Hard Disk Data 
Transfer Rate 

Enabling the high speed data transfers 
results in hard disk, 16-bit data transfers to 
be performed at a compressed timing rate 
rather than at the compatible bus rate. When 
operating in the high speed mode, the first 
data transfer is made at the compatible bus 
rate. Subsequent accesses to the hard disk 
port are made at high speed, with IOCS16 
ignored and the WD76C20 hard disk chip 
select remaining stable. 

NOTE 
This feature requires the use of the 
WD76C20 and should only be used with 
Western Digital IDE drives WD-AC280, 
WD-AC140, WD-AC160, WD-AC2120, 
WD-AP4200, WD-AB130 and WD
AH260. 

HS_HD = 0-
Compatible bus timing enabled 
(Default value). 

HS_HD = 1 -
High speed hard disk accesses enabled. 

Bit 05 - Not used, the state is ignored 

Bit 04 - PIS, Primary Or Secondary Disk 

The PIS bit is only used to select the floppy 
disk chip select address in the IDE mode. 
See Table 8-1, chip select numbers 08H 
through OBH. 

PIS = 0-
Primary hard disk and Floppy address 
selected (Default value). 

PIS = 1 -
Secondary hard disk and Floppy add
ress selected. 

Bit 03 - HS_287, Co-processor 80287 High 
Speed Timing 

Normal 1/0 read and write access to the 
80287 is made with eight bit bus timing. Set
ting HS_287 results in 16-bit bus timing. 

HS_287 = 0-
Normal 80287 timing (Default value). 

HS_287 = 1 -
Fast 80287 timing. 
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Bit 02 - LK_PSW, Prevent Locking Password 

Port 092H bit 3 (Lock_Pass) is used to 
prevent access to the CMOS RAM password 
area located at 38H through 3FH. Setting 
LK_PSW before attempting to set Lock_Pass, 
inhibits the setting of Lock_Pass. In this 
instance, it is possible to access the CMOS 
RAM password area. If Lock_Pass is set 
before LK_PSW, LK_PSW will have no effect. 

LK_PSW = 0-
Port 092H bit 3, Lock_Pass can be set 
(Default value). 

LK_PSW = 1 -
Port 092H bit 3, Lock_Pass can not be 
set. 

Bit 01 - DS_HD, Hard Disk Chip Select OCH, ODH 

DS_HD = 0-
Hard disk chip select is enabled 
(Default value). 

DS_HD = 1 -
Hard disk chip select is not generated. 

Bit 00 - DS_FLP, Floppy Disk Chip Select 08H, 
09H, OAH, OSH 

DSJLP=O-
Floppy disk chip select is enabled 
(Default value). 

DS_FLP = 1 -
Floppy disk chip select is not generated. 

WD7910IWD7910LP 

8.3 PROGRAMMABLE CHIP SELECT 
ADDRESS 

Port Address 3072H - Read and Write 

15 14 13 12 11 10 09 

A15 A14 A13 A12 A11 A10 A09 

07 06 05 04 03 02 01 

AO? A06 A05 A04 A03 A02 A01 

Signal Default 
Name At ASTIN 
All signals . . . . . . . . . . . . . . . None 

08 

Aoa 

00 

AOO 
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8.4 I/O PORT ADDRESSES AND CHIP 
SELECT ASSIGNMENTS 

Table 8-1 lists the I/O addresses and chip selects 
generated for each fixed port type. Address bits 
A 15 through A 10 are ignored for the I/O addres
ses listed with three digits. The ports are listed in 
the sequence of the chip select value. 

PORT CHIP SELECT AND WD7910LP REFRESH 

I/O ADDRESS CHIP SELECT 
PORT (HEX) NUMBER FUNCTION 

(HEX) 

ROM Chip Select N/A 00 Chip select for BIOS ROM 

Keyboard Control 060 - 06E even 01 Chip select for 8042 

80287 OOEO - OOFF 02 Chip select for numeric processor 

Power Control 7072 03 PMC Write Strobe 0 

Reserved 04 Reserved 

Real-time Clock 070 05 RTCALE 

Real-time Clock 071 06 RTC Write Strobe 

Real-time Clock 071 07 RTC Read Strobe 

Floppy Operation 3F2 08 Primary address 
Chip Select 372 Secondary address 

Floppy Chip Select 3F4,3F5 09 Primary address 
374,375 Secondary address 

Floppy Control Chip 3F7 OA Primary address 
Select 377 Secondary address 

(Floppy enabled, HD disabled) 

Floppy and HD 3F7 OB Primary address 
Control Chip Select 377 Secondary address 

(Floppy enabled, HD enabled) 

Hard Disk Chip 1FO, OC Primary address 
Select 1 F1 - 1 F7 

170, Secondary address 
171 - 177 

Hard Disk Chip 3F6 OD Primary Address 
Select 3F7 t 

376 Secondary address 
377 t 

Serial Port A Chip 2E8 - 2EF OE tt 
Select 2F8 - 2FF 

3E8-3EF 
3F8 - 3FF 

Parallel Port 0 Chip 278 - 27F OF 
Select 378 - 37F 

3BC - 3BF 

TABLE 8-1. I/O PORT ADDRESSES AND CHIP SELECT ASSIGNMENTS 
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1/0 ADDRESS CHIP SELECT 
PORT (HEX) NUMBER FUNCTION 

(HEX) 

Serial Port B Chip 2E8 - 2EF 10 tt 
Select 2F8 - 2FF 

3E8-3EF 
3F8 - 3FF 

Program Chip PROG 1 11 
Select 1 

SCSI 3530 - 353X 12 

Cache Flush F872 13 

EMS 14 External EMS 
F072 15 48 MHz Clock Disabled 
F472 16 48 MHz Clock Enabled 

Power Control 7872 17 PMC Write Strobe 1 

Floppy Chip Select 3FO - 3F1 18 Primary address 
370 - 371 Secondary address 

Floppy Chip Select 3F3 19 Primary address 
373 Secondary address 

Program Chip PROG2 1A 
Select2 

Program Chip PROG3 1B 
Select 3 

Reserved 1E Reserved 

Reserved 1F Reserved 

t IDE Hard disk enabled, floppy disabled 

tt The Chip Select Number is the decoded value of CS4 - CSO. If the Programmed Chip Select 
corresponds to any other decode, the Programmed Chip Select is suppressed. If Serial Port A and B 
are programmed for the same address, Serial Port B Chip Select is suppressed. 

TABLE 8-1.1/0 PORT ADDRESSES (Continued) 
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9.0 POWER MANAGEMENT CONTROL 
The WD7910lP supports all PMC inputs, output 
and interrupt functions. 

9.1 SYSTEM ACTIVITY MONITOR (SAM) 

The System Activity Monitor (SAM) found in the 
WD7910lP is a hardware solution to monitoring 
system activity. SAM was conceived to solve the 
problems associated with system activity detec
tion in various operating environments such as 
DOS, Windows, OS/2 and VCPI. 

With the WD7910lP a software approach was 
employed to determine system activity. This 
software approach was accomplished using a 
watchdog timer. As a part of the watchdog timer 
service, the sources of activity are checked and a 
determination is then made on the state of system 
activity. This approach does not consider the 
state of the system activity between watchdog 
timer interrupts. However, with SAM, the system 
activity state is continuously monitored through 
hardware, thus providing a more universal ap
proch to activity detection. 

With the help of SAM it is now possible to: 

• Provide a trigger when a pre-programmed 
period of system inactivity time elapses. 

• Enable/disable the sources that con
stitute system activity. 

• Select either coarse or fine timeout 
values for system inactivity period. 

System Activity 
System activity denotes periods of time in which 
the system performs useful tasks. The sources 
Of System Activity are: 

• Unmasked pending interrupts. 

• Unmasked interrupts in service. 

• Access to hard disk data port. 

• I/O Access to programmable chip select 
port. 

• DMA transfers. 

• Coprocessor cycles. 

• A programmable PCU input. 

• NMI. 

POWER MANAGEMENT CONTROL 

SAM allows for excluding the following inter
rupt sources from contributing to system ac
tivity: 

• IRQ 0, used by DOS to keep track of the 
system time. 

• IRQ7, used for spurious interrupts and 
parallel port interrupts. 

• IRQ 8, used by Windows, OS/2 and 
other multitasking environments to keep 
the scheduler running. 

• A progammable interrupt level used as a 
power management interrupt. 

SAM also takes into account programs such as 
MOUSE.COM which, in an attempt to locate a 
mouse on a communication port, generates inter
rupts on interrupt levels 3 and 4, and leaves them 
pending. To overcome this problem, SAM allows 
only the unmasked pending interrupts on 3 and 4 
to constitute system activity. 

Using SAM for System Power Management: 

a) System Timeout Capability 

SAM can be programmed to determine 
coarse periods of inactivity, with the minimum 
period as one minute, four seconds, up to a 
maximum period of 16 minutes. It is also pos
sible to extend the maximum limit to any 
value by reading the Activity Before bit 
(ACTBEF) in the Activity Monitor Control 
Register at Port Address B072H. 

On reaching the programmed period, SAM 
generates a local Attention signal. Typically, 
the local Attention is tied to a power 
management interrupt. In response to local 
Attention, the power management interrupt 
handler makes it possible to prepare the sys
tem for a Suspend operation. 

b) Responding to a Suspend Request 

SAM can be programmed to determine a 
clean breakpoint for suspending the system 
upon receiving the Suspend request. At the 
time the Suspend request is received, it is 
possible that the system is busy performing 
an indivisible operation, and it is necessary to 
wait for the system to finish this indivisible 
operation before initiating suspend. In order 
to do this, control to the CPU must be relin-
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quished for just enough time for the CPU to 
complete the operation. This is referred as 
Suspend arbitration. 

In addition to performing Suspend arbitration, 
SAM is also responsible for determining the 
earliest opportunity to initiate the Suspend 
sequence. For instance, if a Suspend re
quest is caused by a low battery condition, it 
is imperative that the system be placed in the 
suspend state as soon as possible. Here the 
fine granularity of SAM may be used to deter
mine brief periods of inactivity from as low as 
7.8 milliseconds to as high as 117.2 mil
liseconds, and establish a clean breakpoint 
for Suspending the system. 

Advantages of SAM: 

1. SAM is a reliable and consistent ap
proach to detecting system activity. 

2. SAM is hardware based making it truly 
non-obtrusive. 

3. SAM is independent of the operating 
environment and the execution mode 
of the processor. 

4. SAM can perform in two modes: 

• Detection of system activity for extended 
periods of time, for the purposes of sys
tem timeout. 

• Detection of brief periods of inactivity for 
initiating Suspend. 

5. Programmability allows for the control 
of sources of system activity and set
ting up coarse and fine timeout 
values. 

6. SAM generates a signal called local 
Attention (lCl_ATN) on reaching 
programmed periods of timeout. This 
signal is generally tied to an unused 
IRQ level to invoke the Power 
Management program. 

7. SAM also carries information on DMA 
activity state. This is used for deter
mining whether it is appropriate to 
place the processor in the Sleep 
Mode. 

WD791 O/WD791 OLP 

8. SAM makes it possible to read the 
state of the interrupt controllers and, if 
needed, reprogram them on Resume. 
This is provided to handle the 
spurious interrupts that are generated 
by devices at powerup time on 
Resume. 

NOTE 
SAM cannot be used for determining 
when the processor should be placed in 
the Sleep Mode. This determination is in
timately tied to the operating environ
ment and is handled by Western Digital's 
Power Management drivers DOSIVCPI, 
Windows and OS/2. 

9.2 PROCESSOR POWER DOWN MODE 

The Processor Power Down Mode is initiated by 
setting bit 13 of the register at Port Address 
1872H to one. The CPURES signal is asserted, 
then tristated. An internal 200K pullup resistor 
holds the CPU RES active. The Processor Power 
Down (PMC # 5) signal from the PMC Control 
Register is used to control the power converter 
from the processor. The WD7910lP holds 
CPUClK, READY, HOLD, INTRQ and NMI low to 
the processor. 

The same conditions used to restart a stopped 
clock also initiate the Power Up Mode. The 
Power Up Mode is entered by an unmasked 
DRQ, unmasked IRQ interrupt or a PMC input 
change, resulting in an unmasked NMI to Port 
9072H. A Processor Power Good signal is then 
input on the PMCIN pin. After 1 ms., PMC 
Processor Power Good signal is checked for a 
logic 1 state. At this time, CPU RES is driven high 
and the CPUClK, READY, HOLD, INTRQ and 
NMI signals are driven to their correct states. 
CPU RES remains asserted for 64 additional 
CPUClKs. 

The PMC unit is composed of two external chips, 
74HCT273 octal latch used for the eight PMC 
outputs from data bus EDO - ED7 and a 
74HCT151 8:1 multiplexer used for the PMCIN 
signal. The PMC output latches are cleared at 
power up (see Figure 5-1). 

The keyboard processor may access the 
WD7910lP's internal registers by way of the PMC 
logic. The keyboard processor starts a local ac-
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cess by asserting lCl_REQ, which causes 
PMCIN 2 to be asserted and written in the PMC 
input register at Port 8872H (see Figure 5-1 and 
Table 9-2). The W07910lP arbitrates with 
refresh, OMA and master for a hold cycle from the 
processor. When the processor returns a hold ac
knowledge (HlOA), the W07910lP asserts 
lCl_ACK (PMC output 3 from Port 7072H) on the 
EOO - E07 data bus. The keyboard processor 
then passes the opcode/address byte to the 
W07910lP on the data bus and drops the 
lCl_REQ. The W07910lP responds by de-as
serting lCl_ACK. 

If the opcode specified a register write, data high 
(015 through 008) and data low (007 through 
000), bytes are passed to the W07910lP. If the 
opcode specified an I/O read, the data high and 
data low bytes are sent from the W0791 OlP to the 
keyboard processor. 

POWER MANAGEMENT CONTROL 

All special operation registers within the 
W07910lP may be accessed in this manner 
without first unlocking the register. See section 
2.8.2, Port Address F073H, for lock/Unlock 
Register. This method allows the keyboard 
processor to control speed switching and other 
parameters without host processor intervention. 

Figure 9-1 shows the handshake procedure, 
followed by the keyboard controller and the 
W07910lP. 

Figures 9-2 and 9-3 represents the powerdown 
and powerup sequence and control. 
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3 5 

lOCAL REO --.J 
2 

lOCAL ACK _____ ..... L 
4 6A 7A 

lOR --.J U LJ LJ 
68 78 

lOW ---lr-------------"Ur-----.LJr---

8042 Requests local data transfer 

2 WD7910lP returns lOCAl_ACK after receiving HLDA from the host processor 

3 8042 loads address and OPCODE into data register, then drops lOCAL_REa 

4 WD7910lP reads address and OPCODE 

5 8042 Reloads data register with high byte, then asserts lOCAL_REa 

6A WD7910lP Reads high byte 

7A WD7910lP Read low byte, writes to internal register 

FOR READ CYCLE OF WD7910lP INTERNAL REGISTER: 

68 WD7910lP Writes high byte to 8042 

78 WD7910lP writes low byte to 8042 

7 6 5 

A 
1 5 

OP _CODE FORMAT 

4 

A 
1 4 

3 

A 
1 3 

2 

A 
1 2 

A 
1 1 

DIR Read register (generates lOW to 8042) 

DIR 0 - Write register (generates lOR to 8042) 

o 

A 
1 0 

FIGURE 9-1. REGISTER ACCESS BY KEYBOARD CONTROLLER 
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9.3 PMC OUTPUT CONTROL REGISTERS 

Port Address 7072H - Bits 07-00 are Read only 

15 I 14 1 13 1 12 1 11 1 10 1 09 1 08 

07 1 06 1 05 1 04 1 03 1 02 1 01 1 00 

OUT OUT OUT OUT OUT OUT OUT OUT 
76543210 

Signal Default 
Name RSTIN 
A" signals . . . . . . . . . . . . . . . None 

PMC Output Control Bits 7:0 

Featured only in the WD791 OlP 

PMC PMC OUTPUT SIGNAL 
PORT7072H 

OH CPU Clock Driver Enable 

1H LCD Enable 

2H Backlight Enabled 

3H lCl_ACK 

4H lCl_ATN 

5H Processor powerdown 

6H GateA20 

7H Full Powerdown 

POWER MANAGEMENT CONTROL 

Port Address 7872H - Bits 07-00 are Read and 
Write 

15 114 113 112 111 1 10 1 09 1 08 

07 1 06 1 05 1 04 1 03 1 02 1 01 1 00 

OUT OUT OUT OUT OUT OUT OUT OUT 
FED C 8 A 9 8 

Signal Default 
Name RSTIN 
A" signals . . . . . . . . . . . . . .. None 

PMC Output Control Bits 15:08 

Featured only in the WD7910lP 

PMC PMC OUTPUT SIGNAL 
PORT 7872H 

8H User Defined 

9H User Defined 

AH User Defined 

BH User Defined 

CH User Defined 

DH User Defined 

EH User Defined 

FH User Defined 

TABLE 9-1. PMC OUTPUT SIGNALS 
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9.4 PMC TIMERS 

Port Address 8072H - Read and Write 

When no keyboard or Mouse interrupts have 
occurred for the time specified by BL_TIMEOUT or 
LCD_TIMEOUT, PMC Output 1 or 2 is written to 
the PMC OUTPUT CONTROL 7:0 register at 
Port Address 7072H (see Table 9-1) to disable the 
LCD or Backlight. The timer is reset and the 
Backlight and LCI) control re-enabled at the 
refresh cycle following a Keyboard or Mouse inter
rupt. The Mouse Interrupts are programmed by 
bits 01 and 00 (BL_MOU) in the RAM Shadow 
And Write Protect Register at Port Address 
6072H. The same timer is used for the Backlight 
and LCD timeout. 

The timeout delay may be programmed in incre
ments of five seconds, to a maximum of 1,270 
seconds, or 21 minutes and 10 seconds. 

15 /14 /13 1 12 1 11 1 10 1 09 J 08 

BL_TIMEOUT 

07 I 06 I 05 I 04 I 03 I 02 I 01 I 00 

Signal Default 
Name RSTIN 
BL_TIMEOUT t . . . . . . . . . 0 
LCD_TIMEOUTt ........... 0 
t Featured only in the WD7910LP 

Bits 15-08 - BL_TIMEOUT, Backlight Time Out 

OOH - Backlight always disabled 
01 H - Enabled for 5 seconds 
02H - Enabled for 10 seconds 

t 
FEH - enabled for 254 x 5 seconds 
FFH - Backlight enabled 

WD791 OlWD791 OLP 

Bits 07-00 - LCD_TIMEOUT, LCD Time Out 

OOH - LCD always disabled 
01 H - Enabled for 5 seconds 
02H - Enabled for 10 seconds 

t 
FEH - enabled for 254 x 5 seconds 
FFH - LCD enabled 

9.5 PMC INPUTS 

Port Address 8872H - Read and Write 

15 14 13 [12 [11[ 10 [09 [08 

PMC EN AF AF AF AF AF AF 
UPD LCL 7 6 5 4 3 2 

07 106 105 I 04 J 03 1 02 l 01 J 00 

IN IN 
7 6 

Signal 
Name 

IN 
5 

PMC_UPD 
EN_LCL t 
AF7-AF2 t 
IN7-INO .. 

IN 
4 

IN 
3 

IN 
2 

t Featured only in the WD7910LP 

IN 
1 

Default 
At RSTIN 

o 
o 
o 
None 

Bit 15 - PMC_UPD, Enable PMC Update 

PMC_UPD = 0-
No update cycles occur. 

PMC_UPD = 1 -

IN 
o 

A change of state of PMC outputs 7 
through 0 (Port Address 7072H) or the 
internal A20 GATE, causes an update 
cycle of the PMC 7:0 output latch. 
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Bit 14 - EN_LCL, Enable local Request - Fea
tured only in the WD791 OlP 

EN_lCl enables the PMCIN 2 to initiate a local 
access of the WD7910lP internal registers 
from the keyboard controller. 

EN_lCl= 0-
PMCIN 2 is user defined. 

EN_lCl= 1 -
PMCIN 2 is lOCAl_REQ. 

Bits 13-08 - AF7-AF2, local Attention Flags 
Featured only in the WD791 OlP 

local attention flags AF7 through AF2 are set 
to indicate which PMC input(s) have caused 
lCl_ATN in PMC Interrupt Enable Register 
at Port C872H to be asserted. To clear the 
flag and corresponding IN bit in the PMC In
puts Register, it is necessary to clear the cor
responding EA bit in PMC Interrupt Enable 
Register. If both an EA bit and EI bit in the 
PMC Interrupt Enable Register are set, both 
must be reset to clear the corresponding IN 
status and AF flag. 

AF7 - AF2 = 0-
This PMC input did not cause lCl_ATN 
to be asserted. 

AF7 - AF2 = 1 -
This PMC input caused lCl_ATN to be 
asserted. 

Bits 07-00 -IN7-INO, PMC Inputs 7-0 

The Activity Monitor Mask Register at Port Ad
dress D872H may be used to select one of the 
PMC inputs IN7 through IN2 as a source of 
activity for power management purposes. 

IN7 through INO are status flags which pro
vide information about the corresponding 
PMC input IN7 through INO. IN1 and INO rep
resent the current state of the input, while IN7 
through IN2 represent either the current state 
or a latched transition. An IN7 through IN2 
status is unlatched when both the cor
responding EI and EA bits in the PMC Inter
rupt Enable Register at Port C872H are reset. 
It becomes a latched status when either the 
corresponding EI or EA bit is set. See Table 
9-2. 
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9.6 PMC INTERRUPT ENABLE 

Port Address C872H - Read and Write 

15 114 I 13 I 12 111 110 09 08 

Ell EI6 EI5 EI4 EI3 EI2 
Non-maskable Interrupt Enable 

07 I 06 I 05 I 04 I 03 I 02 01 00 

EAl EA6 EA5 EA4 EA3 EA2 
Local Attention Enable 

Signal Default 
Name At RSTIN 
E17-E12 t . . . . . . . . . . . 0 
EA7-EA2 t .............. 0 

t Featured only in the WD7910LP 

Bits 15-10 - EI7-EI2, Non-maskable Interrupt 
Enable 7 through 2 - Featured only in the 
WD7910lP 

EI7 through EI2 enable the generation of an 
NMI when the corresponding PMC inputs 
IN_7 through IN_2 in Port 8872H change 
state. For example, when EI7 is a 1 and 
IN_7 changes from a 0 to 1 an NMI will be 
generated. 

E17"E12 = 0-
Non-maskable Interrupt not enabled 

E17-E12 = 1 -
Non-maskable Interrupt is enabled 

Bits 09, 08 - Not used, state is ignored 

Bits 07-02 - EA7-EA2, local Attention Enable 
Featured only in the WD791 OlP 

EA7 through EA2 enable the assertion of 
lCl_ATN by the corresponding IN_7 through 
IN_2. lCl_ATN is PMC output number 4. 

EA7-EA2 = 0-
lCl_ATN is not enabled 

EA7-EA2 = 1 -
lCl_ATN is enabled 

Bits 01, 00 - Not used, state is ignored 
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9.7 NMI STATUS 

Port Address 9072H - Read and Write 

15 14 13 12 11 10 

0 0 0 0 0 0 

07 106 1 05 104 103 102 

IF? IF6 IF5 IF4 IF3 
Non-maskable Interrupt Flags 

Signal 
Name 
IF7-IF2 t 
t Featured only in the WD7910LP 

Bits 15-08 - Not used, must be 0 

PMC INPUT 

IF2 

09 

0 

01 

0 

Default 
At RSTIN 

.. 0-0 

08 

0 

00 

0 

NUMBER1 PMC INPUT NAME 

OOH TURBO 

01H PROC_PWR_GOOD 

02H LCL_REQ or 
User Defined 

03H User Defined 

04H User Defined 

05H User Defined 

06H User Defined 

07H User Defined 
1 Port Address 8872H, section 9.5 
2 Port Address 9072H, section 9.7 

Port Address 8872H, section 9.5 

WD791 O/WD791 OLP 

Bits 07-02 - IF7-IF2, Non-maskable Interrupt 
Flags 7 through 2 - Featured only in the 
WD7910LP 

NMI interrupt flags IF7 through IF2 are set to 
indicate which PMC input(s), if any, have 
caused NMI to be asserted. To reset the flag 
and corresponding IN status bit in the PMC 
Input Register at Port 8872H, it is necessary 
to reset the corresponding bit in the PMC In
terrupt Enable Register at Port C872H. If 
both an EA bit and EI bit in the PMC Interrupt 
Enable Register are set, both must be reset 
to clear the corresponding IN status and IF 
flag. 

Bits 01,00 - Not used, must be 0 

INTERRUPT ON 
SETS FLAr 

NUMBER 

IF2 or AF2 
Transistion 

Transistion IF3 or AF3 

Transistion IF4 or AF4 

Transistion IF5 or AF5 

Transistion IF6 or AF6 

Active Edge IF7 or AF7 

TABLE 9-2. PMCIN INPUTS 
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9.8 SERIAL/PARALLEL SHADOW 
REGISTER 

Port Address D072H - Read only 

The Shadow Register is particularly useful in lap
top applications by allowing the suspend/resume 
software to restore correct status to on-board 
serial and parallel devices. 

15 114 13 112 11 110 109 1 08 

SP_A SP_B PP_2 

07 106 1 05 1 04 1 03 1 02 1 01 1 00 

Signal Default 
~~ M~TIN 

All signals .. . . . . . . . . . . . . . None 

Bits 15, 14 - SP _A, Serial Port A Register 2 

This field represents bits 7 and 6 of Serial 
Port A Register 2. 

Bits 13, 12 - SP _B, Serial Port 8 Register 2 

This field represents bits 7 and 6 of Serial 
Port 8 Register 2. 

Bits 11-08 - PP _2, Parallel Port Register 2 

This field represents bits 3-0 of Parallel Port 
Register 2 

Bits 07-00 - PP _0, Parallel Port Register 0 

This field represents bits 7-0 of Parallel Port 
Register O. 

POWER MANAGEMENT CONTROL 

9.9 INTERRUPT CONTROLLER SHADOW 
REGISTER 

Port Address D472H - Read only 

When performing a resume operation, it may be 
advantageous to reset and reinitialize the interrupt 
controllers in the WD7910. Since many of the 
interrupt control registers are write only, it is im
possible to determine the state of the interrupt 
controllers at suspend time. This register makes 
it possible to determine the state of selected sig
nals internal to the master and slave interrupt con
trollers. With this information, when the interrupt 
control registers are reinitialized during resume, 
they can be returned to the state in which they 
were before suspend. 

ICW2, ICW4, OCW2 and OCW3 referred to in this 
text is further defined in sections 5.5.2.2, 5.5.2.4, 
5.5.3.2 and 5.5.3.3. 

15 14 113 12 11 10 09 08 

AMT DEV TM7 TS7 SF AUT_ RA 
OUT NM EOI EO! 

07 1 06 1 05 04 103 102 01 00 

PLM2PLM1 PLMO PLS2 PLS1 PLSO SMM SMM 
Priority Level Master Priority Level Slave M S 

Signal Default 
Name At RSTIN 
Bits 15, 12-00 . . . . . . . . . . . .. None 
Bits 14, 13 .............. 00 

Bit 15 - AMTOUT, Activity Monitor Timeout 

AMTOUT represents the current state of the 
timeout comparator in the activity monitor. It 
is for test purposes only 

Bit 14, 13 - DEV, Device 

DEV identifies the device as WD7910 or 
WD771 0 and is used in conjunction with VER 
at Port Address 9872H and SVER at Port Ad
dress A872H. DEV, VER and SVER are 
defined in Table 10.1. 
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Bit 12 - TM7, Master Interrupt Vector Bit 7 

TM7 represents bit 7 of the Interrupt Vector in 
the Master Interrupt Controller as set by 
ICW2. Bits 6 through 3 of the Interrupt Vector 
may be read from 06 through 03 by a Poll 
Command to the Master Interrupt Controller. 
The Poll Command is implemented by P _C = 
1 (bit 2 of OCW3). 

Bit 11 - TS7, Slave Interrupt Vector Bit 7 

TS7 represents bit 7 of the Interrupt Vector in 
the Slave Interrupt Controller as set by ICW2. 
Bits 6 through 3 of the Interrupt Vector may 
be read from 06 through 03 by a Poll Com
mand to the Slave Interrupt Controller. The 
Poll Command is implemented by P _C = 1 
(bit 2 of OCW3). 

Bit 10 - SFNM, Special Fully Nested Mode 

SFNM represents the state of ICW4 - bit 4 
in the Master Interrupt Controller. The 
W07910 does not require SFNM for the 
slave interrupt controller and ignores its state. 

Bit 09 - AUT_EOI, Auto End Of Interrupt 

AUT _EOI represents the state of ICW4 - bit 1 
in the Master Interrupt Controller. The 
W07910 does not require AUT _EOI for the 
slave interrupt controller and ignores its state. 

Bit 08 - RA_EOI, Rotate Auto End Of Interrupt 

RA_EOI indicates whether or not Rotate On 
Automatic End Of Interrupt has been selected 
in the Master Interrupt Controller by 
EOI_CONT (bits 7 through 5 of OCW2). The 
W07910 does not require Rotate On End Of 
Interrupt for the slave interrupt controller and 
ignores its state. 

RA_EOI = 0-
Rotate On Auto End Of Interrupt has 
not been selected. 

RA_EOI = 1-
Rotate On Auto End Of Interrupt has 
been selected. 

Bits 07-05 - PLM2-PLMO, Priority Level Master 

PLM2-PLMO represent the bottom priority 
level programmed into the Master Interrupt 
Controller by INT_LEV (OCW2 bits 2 through 
0). 

WD791 O/WD791 OLP 

Bits 04-02 - PLS2-PLSO, Priority Level Slave 

PLS2-PLSO represent the bottom priority 
level programmed into the Slave Interrupt 
Controller by INT_LEV (OCW2 bits 2 through 
0). 

Bit 01 - SMMM, Special Mask Mode Master 

SMMM indicates whether Special Mask 
Mode has been set in the Master Interrupt 
Controller by a write to SMM in OCW3. 

SMMM = 0-
Special Mask Mode is not enabled. 

SMMM = 1 -
Special Mask Mode is enabled. 

Bit 00 - SMMS, Special Mask Mode Slave 

SMMS indicates whether Special Mask Mode 
has been set in the Slave Interrupt Controller 
by a write to SMM in OCW3. 

SMMS = 0-
Special Mask Mode is not enabled. 

SMMS = 1 -
Special Mask Mode is enabled. 

9.10 PORT 70 SHADOW REGISTER 

Port Address E472 

15 14 13 12 11 10 09 08 
ClK REF INTR NOD TOO RSVD RSVD RSVD 
32K DET MA UN 

07 06 05 04 03 02 01 00 
NMI RTC RTC RTC RTC RTC RTC RTC 
MSK IR6 IRS IR4 IR3 IR2 IR1 IRO 

This register provides read-only information 
on the status of interrupts and OMA which is 
useful for determining when the processor 
may be put to sleep. Two bits are also 
provided for generating software delays 
without incurring the operating system traps 
that would result from accessing I/O port 
0061 in virtual 86 mode. This register also 
contains a shadow of the real time clock ad
dress register, a write only I/O port. It is 
necessary to access the real-time clock 
CMOS RAM during Suspend/Resume opera
tions. This shadow of Port 0070 allows it to 
be restored to the same state it was in at 
suspend time. 
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This register can be read without first unlock
ing the WD7910. This is important since the 
CLK32K, REFDET, and TODUN bits may 
need to be read frequently. 

Bit 15 - ClK32K 

This read-only bit is a divide by 2 of the 
PDREF input. It can be read to provide a 
stable timing reference, not subject to 
reprogramming of the refresh rate. CLK32K 
has a 30.5 microsecond period with a 50% 
duty cycle. 

Bit 14 - REFOET 

This read-only bit is a copy of the REFDET 
bit available from I/O Port 0061, Bit 4. 

Bit 13 -INTR 

This read-only bit gives the state of the INTR 
output pin to the CPU. 

Bit 12 - NOOMA, No DMA 

This read-only bit is set whenever it has been 
at least 30.5 microseconds since the last 
DMA or bus master cycle occurred. 

Bit 11 - TOOUN, Time of Day Update Needed 
(R/W) 

This is a general purpose storage bit which 
can be written and read but has no effect on 
internal logic. Its purpose is to allow an SMI 
handler to signal the operating system that 
the time of day has been corrupted. This bit is 
checked by the Timer 0 Interrupt Handler. 
Note that although this bit is readable without 
unlocking the WD7910, it cannot be written 
unless the WD791 0 is unlocked. 

Bits 10:8 - RSVO 

These read-only bits are reserved for future 
use. They currently are read back as a O. 

Bit 7 - NMIMSK, NMI Mask 

This read-only bit gives the state of the NMI 
mask bit as it was set the last time I/O port 
0070 was written. 

Bits 6:0 - RTCIR6-0 

These read-only bits give the state of the real 
time clock address register as it was set the 
last time I/O port 0070 was written. 
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9.11 ACTIVITY MONITOR CONTROL 
REGISTER 

Port Address B072H - Bits 15, 13-11, 08-00 Read 
and Write Bits 14, 10, 09 Read only 

For an overview of the Activity Monitor Register, 
see the general description of the Activity Monitor 
Mask Register in section 9.12. 

15 14 13 12 11 10 09 08 

IRR CB12 AM ACT IND ACT ACT AM 
AE TM LCH ET AFT BEF EN 

07 106 J 05 J04 03 102 1 01 100 

Coarse Timeout Count 
AMC7 AMC6 AMC5 AMC4 

Signal 
Name 
IRRAE 
CB12 .. 
AMTM 
ACTLCH 
INDET . 
ACTAFT 
ACTBEF . 
AMEN ... 
AMC7-AMCO .. 

Fine Timeout Count 
AMC3 AMC2 AMC1 AMCO 

Default 
At RSTIN 

o 
None 
o 
None 
None 
None 
None 
o 
0-0 

Bit 15 • IRRAE, Interrupt Request Register 
Activity Enable 

IRRAE controls whether or not the IRR (Inter
rupt Request Register) bits from the Interrupt 
Controller at Port Address 020H, OAOH may 
be a source of activity (refer to section 5.5). 

IRRAE=O-
No IRR bits can be used as an activity 
source. 

IRRAE = 1 -
IRR bits can be a source of activity. 
IRR8, IRR7 and IRRO may still be 
masked by Port Address D872H. 

Bit 14 - CB12, Counter Bit 12 

For factory use only. 

The activity monitor circuitry contains a 17 -bit 
timeout counter for generating long timeouts. 
F or test pu rposes, CB 12 represents the 
twelfth bit of that cou nter. 
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Bit 13 - AMTM, Activity Monitor Test Mode 

AMTM = 0-
Activity Monitor functions normally. 

AMTM = 1 -
Activity Monitor is in Test Mode. Activity 
Monitor State Machine is clocked faster 
than normal and nine stages of the 17-
bit timeout counter are bypassed. 

Bit 12 - ACTLCH, Activity Latch 

This latch is always enabled, regardless of 
other enable bit settings. Writing a 1 to 
ACTLCH has no effect. 

ACTLCH = 0-
The Activity Latch is reset by writing 0 
to ACTLCH. 

ACTLCH = 1 -
Activity by an unmasked source has oc
curred. 

Bit 11 -INDET, Inactivity Detect 

Writing a 1 to INDET has no effect. 

INDET = 0-
Writing 0 to INDET, or placing the Activity 
Monitor in the idle state by writing 0 to 
AMEN (bit 8), resets INDET, ACTAFT 
and ACTBEF. 

INDET = 1 -
System is idle and the Activity Monitor 
has requested the local attention output 
be set. This occurs when there has 
been no unmasked activity, allowing the 
predetermined timeout (bits 07-00) to 
be reached. 

NOTE 
PMCIN transitions may also cause the 
local attention (LCL_ATN PMC 4) output 
to be set. 

Bit 10 - ACTAFT, Activity After INDET 

ACTAFT is a read only bit and its state is 
ignored during writes. 

ACTAFT = 0-
Writing 0 to INDET, or placing the Ac
tivity Monitor in the idle state by writing 
o to AMEN (bit 8), resets INDET, ACT
AFT and ACTBEF. 

ACTAFT = 1 -
Activity has occurred after INDET had 
been set. This would happen when ac-
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tivity occurs during the time it takes to 
reach the interrupt service routine invoked 
by the local attention output request. 

Bit 09 - ACTBEF, Activity Before INDET 

ACTBEF is a read only bit and its state is 
ignored during writes. 

ACTBEF = 0-
Writing 0 to INDET, or placing the Activity 
Monitor in the idle state by writing 0 to 
AMEN (bit 8), resets INDET, ACTAFT 
and ACTBEF. 

ACTBEF = 1 -
Activity did occur and reset the timeout 
counter before INDET was set. This is 
important if consecutive timeout periods 
are being counted in a service routine 
to obtain a system timeout period other 
than that available using AMC7-AMCO 
(bits 07-00). It would be necessary for 
the routine to clear the software counter 
if ACTBEF were set, since there would 
have been no activity only for the period 
of time programmed in AMC7-AMCO. 

Bit 08 - AMEN, Activity Monitor Enable 

This is the master enable for the Activity 
Monitor. 

AMEN = 0-
Writing 0 to AMEN places the Activity 
Monitor in the idle state. 

AMEN = 1 -
Writing 1 to AMEN causes the Activity 
Monitor to start clocking the timeout 
counter. Each time an unmasked 
source of activity is detected, the 
counter is cleared. If no unmasked 
source of activity is detected before the 
timeout counter reaches the value 
programmed by ACM7 through ACMO, 
INDET and the local attention output 
are set. The timeout counter is then 
cleared and a new timeout sequence 
begins. 

Bits 07-04 - AMC7-AMC4, Activity Monitor 
Counter Coarse 

AMC7 -AMC4 establish the timeout values 
from 64 seconds to 16 minutes in 64-second 
increments. These bits must only be written 
when the Activity Monitor is disabled (AMEN 
= 0). They may be read at any time. 
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AMC7 AMC6 AMCS AMC4 

0 0 0 0 o seconds 

0 0 0 1 1 min.,4s 

0 0 1 0 2 min., 8s 

0 0 1 1 3 min., 12s 

0 1 0 0 4min.,16s 

0 1 0 1 5 min., 20s 

0 1 1 0 6 min., 24s 

0 1 1 1 7 min., 28s 

1 0 0 0 8 min., 32s 

1 0 0 1 9 min., 36s 

1 0 1 0 10 min., 40s 

1 0 1 1 11 min., 44s 

1 1 0 0 12 min., 48s 

1 1 0 1 13 min., 52s 

1 1 1 0 14 min., 56s 

1 1 1 1 16 min., Os 

Bits 03-00 - AMC3-AMCO, Activity Monitor 
Counter Fine 

AMC3-AMCO establish the timeout values 
from 7.8 milliseconds to 117.2 milliseconds in 
7.8 millisecond increments. Tolerance on 
time delays is -0, +3.9 milliseconds. These 
bits must only be written when the Activity 
Monitor is disabled (AMEN = 0). They may 
be read at any time. 

AMC3 AMC2 AMC1 AMCO 

0 0 0 0 Oms 

0 0 0 1 7.8 ms 

0 0 1 0 15.6 ms 

0 0 1 1 23.4 ms 

0 1 0 0 31.3 ms 

0 1 0 1 39.1 ms 

0 1 1 0 46.9 ms 

0 1 1 1 54.7ms 

1 0 0 0 62.5 ms 

1 0 0 1 70.3 ms 

1 0 1 0 78.1 ms 

1 0 1 1 85.9 ms 

1 1 0 0 93.8 ms 

1 1 0 1 101.6 ms 

1 1 1 0 109.4 ms 

1 1 1 1 117.2 ms 
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NOTE 
The fine timeout delay (AMC3 through 
AMCO) is added to the coarse timeout 
delay (AMC7 through AMC4) to obtain 
the total timeout delay. 

9.12 ACTIVITY MONITOR MASK REGISTER 

Port Address D872H - Read and Write 

The activity monitor provides a hardware solution 
for determining inactivity in a system. Knowing 
when a system is inactive is key to performing 
such power reduction activities as suspend. When 
the Activity Monitor is enabled by the Activity 
Monitor Control Register at Port Address B072H, 
the Activity Monitor clocks a counter and invokes a 
service routine using local attention when the 
counter reaches a programmed timeout value. 
However, while the counter is being clocked, the 
Activity Monitor continuously monitors for any of 
several events that would indicate that the system 
is active. If any of these events occur, the counter 
is reset and the timeout starts over. Thus the ser
vice routine is only invoked when the system has 
been inactive for a programmed period of time. 

To provide a high degree of flexibility in determin
ing what is active and what is not, many sources 
are routed to the Activity Monitor. These include 
the IRR (Interrupt Request Register) and ISR (In 
Service Register) bits from the Interrupt Controller, 
the PMC inputs, NMI output, DMA (or AT Master) 
cycles and 1/0 accesses to either the numeric 
coprocessor, hard disk data port or programmable 
chip select. All of these sources are considered 
activity unless masked. 

The interrupt input masks are controlled in the 
lower byte. All ISR and IRR bits are detected as 
activity except those specifically masked. Note, 
however, that ISR2 and IRR2 are not examined 
since they are cascade interrupts only. Also, IRR3 
and IRR4 are qualified by the Mask Register in the 
Interrupt Controller before being passed to the Ac
tivity Monitor. The master mask for all IRR bits is 
the IRRAE bit in the register at Port Address 
B072H. 
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15 14 13 [12 [11 10 09 08 

PCS PMC PMC PMC PMC NMI HDD COP 
M ILS IS2 IS1 ISO M M M 

07 I 06 05 I 04 103 02 I 01 I 00 

IMS1 IMSO IRR8 IRR7 IRRO ISR8 ISR7 ISRO 
M M M M M M 

Signal Default 
Name RSTIN 
All signals ............... 0 

Bit 15 - PCSM, Programmable Chip Select Mask 

PCSM = 0-
Read or write I/O accesses to the ports 
defined by the programmable chip select 
in the WD7910lP are considered ac
tivity. 

PCSM = 1 -
Read or write 1/0 accesses to the ports 
defined by the programmable chip select 
in the WD791 OlP are ignored. 

Bit 14 - PMCILS, Power Management Control 
Input level Select 

PMCILS determines which logic level on the 
selected PMC input is to be considered ac
tive. (See bits 13-11, PMCIS2-0.) 

PMCILS = 0-
PMCIN is active low. 

PMCllS = 1 -
PMCIN is active high. 

Bits 13-11 - PMCIS2-PMCISO, Power Manage
ment Control Input Select 

One of the PMC inputs IN7 through IN2 at 
Port Address 8872H may be selected for 
detection as a source of activity. 

NOTE 
The EI and EA bits at Port Address 
C872H, corresponding to the selected IN 
signal, should be cleared to prevent the 
IN signal from being latched internally. 

PMCIS 2 1 0 
o 0 0 - PMC input 2 selected 
o 0 1 - PMC input 3 selected 
o 1 0 - PMC input 4 selected 
o 1 1 - PMC input 5 selected 
1 0 0 - PMC input 6 selected 
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o 1 - PMC input 7 selected 
1 0 - Reserved 
1 1 - Disabled, no PMC 

inputs checked 

Bit 10 - NMIM, Non-maskable Interrupt Mask 

NMIM = 0-
The NMI output is used as a source of 
activity. 

NMIM = 1 -
The NMI output is ignored. 

Bit 9 - HDDM, Hard Disk Data Port Mask 

HDDM = 0-
If the hard disk chip select has been 
enabled by bit 01 at Port Address 
2872H, 1/0 read and write operations to 
the 16-bit hard disk data port are al
lowed as a source of activity. 

HDDM = 1 -
The hard disk data port 1/0 is ignored. 

Bit 8 - COPM, Coprocessor Mask 

COPM = O-
1/0 cycles to the coprocessor are 
treated as a source of activity. For an 
80286 system, this is 1/0 address range 
00F8H through OOFFH. For an 
80386SX s~em, this is when A23 is 
high and MilO is low. 

COPM = 1 -
1/0 to the coprocessor is ignored. 

Bits 07, 06 -IMS1-0, Interrupt Mask Select 

The local attention generated by the Activity 
Monitor will be routed to an available interrupt 
input to invoke a service routine. That inter
rupt is not to be detected as a source of ac
tivity. IMS1 through 0 provide a selection of 
four possible inputs to be used for this func
tion and masks the corresponding IRR and 
ISR bits as sources of activity. 

IMS 1 0 
o 0 - I RQ5 masked 
o 1 - IRQ10 masked 
1 0 - IRQ11 masked 
1 1 - IRQ15 masked 

Bit 05 - IRR8M, Interrupt Request Register 8 Mask 

IRR8M = O-
Real-Time Clock Interrupt (IRR8) may 
be detected as a source of activity. Bit 
15 in the Activity Monitor Control Register 
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at Port Address B072H must also be 
set. 

IRR8M = 1 -
Real-Time Clock Interrupt (IRR8) is ig
nored. 

NOTE 
See Test Enable Register (A872), Sec
tion 11.3 for information about IR09 
enable control. 

See SMI Auxiliary Control Register 
(5472), Section 10.10, for a definition of 
the activity masks for PCS2 and PCS3. 

Bit 04 - IRR7M, Interrupt Request Register 7 Mask 

IRR7M = 0-
Parallel Port or Spurious Interrupt 
(IRR7) may be detected as a source of 
activity. Bit 15 in the Activity Monitor 
Control Register at Port Address B072H 
must also be set. 

IRR7M = 1 -
Parallel Port or Spurious Interrupt 
(IRR7) is ignored. 

Bit 03 - IRROM, Interrupt Request Register 0 Mask 

IRROM = 0-
Time Of Day Interrupt (IRRO) may be 
detected as a source of activity. Bit 15 in the 
Activity Monitor Control Register at Port Ad
dress B072H must also be set. 

IRROM = 1 -
Time Of Day Interrupt (IRRO) is ignored. 

Bit 02 - ISR8M, Interrupt Service Register 8 Mask 

ISR8M = O-
Real-Time Clock Interrupt (ISR8) may 
be detected as a source of activity. 

ISR8M = 1 -
Real-Time Clock Interrupt (ISR8) is ig
nored. 

Bit 01 -ISR7M, Interrupt Service Register 7 Mask 

ISR7M = 0-
Parallel Port or Spurious Interrupt 
(ISR7) may be detected as a source of 
activity. 

ISR7M = 1 -
Parallel Port or Spurious Interrupt 
(ISR7) is ignored. 
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Bit 00 - ISROM, Interrupt Service Register 0 Mask 

ISROM = 0-
Time of Day Interrupt (ISRO) may be 
detected as a source of activity. 

ISROM = 1 -
Time Of Day Interrupt (ISRO) is ignored. 

9.13 3V Suspend Shadow Registers 

The 3V suspend mode provides maximum power 
savings for the system. The contents of the 
DRAM, chip set registers, CPU registers and 
video RAM are all written to the hard disk and 
then all voltages are shut down, including the 
power supply. The only logic left on in this mode is 
the real-time clock and a 3V suspend controller. 
The real-time clock and the 3V suspend controller 
run off of the real-time clock battery. When the 
resume request is sampled by the suspend con
troller, the suspend controller enables the power 
supply and resumes the system. 

To maintain compatibility with the IBM AT, the 
timer and DMA registers cannot be read back. To 
overcome this, these registers are shadowed and 
read back through other registers. (See descrip
tions for registers 3C72, 4472 and 4C72.) 

9.13.1 DMA Shadow Register 1 

Port Address 3C72H (R) 

15 14 13 12 11 10 
AD AUTO TRA_ TRA_ TRA_ TRA 
DEC TYP TYP MOD MOD 

07 06 05 04 03 02 
TRA_ TRA_ TR~ TRA AD AUTO 
TYP TYP MOD MOD DEC 

09 08 

AD AUTO 
DEC 

01 00 
TRA TRA 
TYP- TYP-

Bit 15, the AD_DEC bit of register OB for DMA 
channel 2. 

Bit 14, the AUTO bit of register OB for DMA chan
nel2. 

Bits 13:12, the TRA_TYP bits of registers OB for 
DMA channel 1 . 

Bits 11 :10, the TRA_MOD bits of register 08 for 
DMA channel 1. 
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Bit 9, the AD_DEC bit of register DB for DMA 
channel 1. 

Bit 8, the AUTO bit of register DB for DMA chan
nel1. 

Bits 7:6, the TRA_ TYP bits of register DB for 
DMA channel 1. 

Bits 5:4, the TRA_MOD bits of register DB for 
DMA channel O. 

Bit 3, the AD_DEC bit or register DB for DMA 
channelO. 

Bit 2, the AUTO bit of register DB for DMA chan
nelO. 
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Bit 3:2, the TRA_TYP bits of register DB for chan
nel3. 

Bits 1 :0, the TRA_MOD bits of register DB for 
channel 2. 

9.13.3 DMA Shadow Register 3 

Port Address 4C72H (Read only for bits 14:0) 

15 14 13 12 11 10 09 08 
SCB EX RD CD TRA TRA 

WR PAl DIS MOD MOD 

07 06 05 04 03 02 01 00 
AD AUTO TRA TRA TRA_ TRA AD AUTO 
DEC TVP- TVP MOD MOD DEC 

Bits 1 :0, the TRA_ TYP bits of register DB for Bit 15, Shadow Control BIT (SCB) 
DMA channel O. 

9.13.2 DMA Shadow Register 2 

Port Address 4472H (R) 

15 14 13 12 11 10 
TRA TRA TRA TRA AD AUTO 
TVP- TVP- MOD MOD DEC 

07 06 05 04 03 02 
TRA TRA AD AUTO TRA_ TRA 
MOD MOD DEC TVP TVP 

09 08 
TRA TRA_ 
TVP TVP 

01 00 
TRA TRA 
MOD MOD 

Bits 15:14, the TR_TYP bits of register OD6 for 
channel 6. 

Bits 13:12, the TRA_MOD bits of register OD6 for 
channelS. 

Bit 11, the AD_DEC bit of register OD6 for chan
nelS. 

Bit 10, the AUTO bit of register OD6 for channelS. 

Bits 9:8, the TRA_ TYP bits of register OD6 for 
channelS. 

Bits 7:6, the TRA_MOD bits of register DB for 
channel 3. 

Bit 5, the AD_DEC bit of register DB for channel 
3. 

Bit 4, the AUTO bit of register DB for channel 3. 

Bit 14, Reserved 

Bit 13, When SCB is low, this bit represents the 
EX_WR bit of register 08. When SCB is high, this 
bit represents the EX_WR bit of register of 
register ODD. 

Bit 12, When SCB is low, this bit represents the 
RO_PRI bit of register 08. When SCB is high, this 
bit represents the RO_PRI bit of register ODD. 

Bit 11, Reserved. 

Bit 10, When SCB is low, this bit represents the 
CO_DIS bit of register 08. When SCB is high, this 
bit represents the CO_DIS bit of register ODD. 

Bits 9:8, These bits represent the TRA_MOD bits 
of register OD6 for channel 7. 

Bit 7, AD_DEC bit of register OD6 for channel 7. 

Bit 6, AUTO bit of register OD6 for channel 7. 

Bits 5:4, the TRA_TYP bits of register OD6 for 
channel 7. 

Bits 3:2, the TRA_MOD bits of register OD6 for 
channel 6. 

Bit 1, the AD_DEC bit of register OD6 for channel 
6. 

Bit 0, the AUTO bit of register OD6 for channel 6 
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9.13.4 DMA Base Address and Count Register 

When the SGB is high, the DMA base aaddress 
and base count can be read back from register 0 
to 7. When SGB is low, register 0 to 7 represents 
the current address and current count. 
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9.13.5 Timer Count 

When SGB is high, the timer base count can be 
read back from register 40:43. When SGB is low, 
the register 40:43 represents the timer current 
count. 
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9.14 SAVE AND RESUME 

When the WD791 OlP is in the Save And Resume Mode, it typically draws less than 500!lA. Figures 9-2 
and 9-3 illustrate the steps that the WD791 OlP goes through during power down and power up. 
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FIGURE 9-3. POWER UP 
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10.0 SYSTEM MANAGEMENT INTERRUPT (SMI) 
10.1 I/O TRAPS 

In order to conserve power, certain I/O peripherals 
can be put to sleep when they are not in use. To 
accomplish this in a transparent manner, 
hardware must intercept (trap) any accesses 
made to the sleeping device and wake it up 
before allowing the access to proceed. The 
WD7910 can trap accesses to I/O devices con
trolled by the following chip selects: 
• Programmable Chip Select 1 

• Programmable Chip Select 2 

• Programmable Chip Select 3 

• Serial Port A Chip Select 

• Serial Port B Chip Select 

• Parallel Port Chip Select 

When access to an I/O device is trapped, the 
WD7910 asserts the SMI pin to the AM386SX. 
Control is transferred to the SMI handler routine 
which determines which I/O access caused the 
SMI handler to be invoked. The handler looks at 
Registers 7C72 and 8472 to determine the I/O 
address accessed and how many bytes have 
been read or written. If the I/O access was un
aligned, up to three I/O transfers may have taken 
place since SMI only breaks AM386SX execution 
on an instruction boundary. A memory write can 
also occur if the AM386SX is executing a string 
input instruction. If unaligned, the memory write 
can also involve up to three transfers. 

Registers 8C72 and 9472 contain either the data 
written to the I/O device or the memory address 
written while trapping a string input instruction. 
Using this information allows the SMI handler to 
reconstruct the events causing the I/O trap. The 
handler can then wake up the I/O device, repeat 
the I/O instruction, rewrite memory if needed, and 
finally exit to allow normal code execution to con
tinue. 

The SMI handler is located in SMI RAM. SMI 
RAM consists of 64 Kbytes of DRAM space taken 
from the top of the DRAM space specified by 
Register 7472. Once the SMI service routine is 
loaded into SMI RAM space, the SMI RAM space 
can be hidden from system access and remapped 
to SMI address space 6000:0H. The only way to 
access the SMI address space after remap is to 
put the AM80386SX in SMI mode. 

Support for I/O trapping and the generation of SMI 
is only available on the WD791 OlP. 

10.2 SMII/O TRAP CONTROL REGISTER 

Port Address 7C72 

15 14 13 12 11 10 09 08 
LAEN NAC1 NACO PCS PC2 SPA SPB PAR 

TPE TPE TPE TPE TPE 

07 06 05 04 03 02 01 00 
TRPS lOWS IOS2 IOS1 IOSO MS2 MS1 MSO 

Bit 15 - LAEN, local Attention Enable (RIW) 

There are three sources that can cause the 
local Attention PMC output to be asserted. 
One is a transition on an unmasked PMC 
input pin (see description for registers 8872 
and C872). The second is a signal from the 
system activity monitor (see description for 
registers B072 and D872). The third is a 
watch dog timer. These sources will also 
cause an SMI if lAEN is set high. The SMI is 
based on an internal version of local Atten
tion and occurs even if PMC updates are dis
abled. 

Bit 15 = 1, Enables SMI to be caused by a 
local Attention 

Bit 15 = 0, Disables generation of SMI by a 
local Attention (Default) 
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Bits 14:13 - NAC1-0, Next Address Control 1-0 
(R/W) 

These bits control the function of the NA out
put pin. 

NAC1 NACO FUNCTION 

° ° NA is always deas-
serted (inactive), forc-
ing all 386SX cycles to 
be nonpipelined. 
(default) 

° 1 NA is always asserted 
(active). allowing the 
386SX to run pipelined 
whenever possible. 

1 ° Reserved setting. Do 
not use. 

1 1 NA is normally as-
serted allowing 
pipelined cycles. How-
ever, NA is deasserted 
during T1 P (pipelined 
cycle) or the first T2 
(nonpipelined cycle) of 
all I/O cycles, except 
coprocessor cycles. 
NA is asserted again in 
the next T state unless 
SMI is active. This set-
ting must be used if 
pipelining is allowed 
when I/O traps are 
enabled. 

Bit 12 - PCSTPE, Programmable Chip Select 
Trap Enable (R/W) 

This bit, when set to 1, enables an I/O trap to 
occur whenever an 110 read or write occurs at 
an address within the range covered by the 
Programmable Chip Select (See registers 
2872 and 3072). 

Bit 12 = 1, Enable Trap 

Bit 12 = 0, Disable Trap (Default) 

Bit 11 - PC2TE, Programmable Chip Select 2 
Trap Enable (R/W) 

This bit, when set to 1, enables an I/O trap to 
occur whenever an I/O read or write occurs at 
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an address within the range covered by the 
second programmable chip select (see 
registers 5C72 and 6472). This trap occurs 
even if the ENPCS2 bit in register 5C72 is 
not set. 

Bit 11 = 1, Enable Trap 

Bit 11 = 0, Disable Trap (Default) 

Bit 10 - SPATPE, Serial Port A Chip Select Trap 
Enable (R/W) 

This bit, when set to 1 , enables an I/O trap to 
occur whenever an I/O read or write occurs at 
an address within the range covered by the 
Serial Port A Chip Select (see register 2072). 

Bit 1 ° = 1, Enable Trap 

Bit 1 ° = 0, Disable Trap (Default) 

Bit 9 - SPBTPE, Serial Port B Chip Select Trap 
Enable (R/W) 

This bit, when set to 1, enables an I/O trap to 
occur whenever an I/O read or write occurs at 
an address within the range covered by the 
Serial Port B Chip Select (see register 2072) 

Bit 9 = 1, Enable Trap 

Bit 9 = 0, Disable Trap (Default) 

Bit 8 - PARTPE, Parallel Port Chip Select Trap 
Enable (R/W) 

This bit, when set to 1, enables an 110 trap to 
occur whenever an I/O read or write occurs at 
an address within the range covered by the 
Parallel Port Chip Select (see register 2072). 

Bit 8 = 1, Enable Trap 

Bit 8 = 0, Disable Trap (Default) 

Bit 7 - TRPS, Trap Status (R/Clear) 

When read as ai, this bit indicates an I/O 
trap has occurred. If read as a zero, then no 
I/O trap has occurred. The SMI handler can 
poll this status bit to determine if an I/O trap 
caused the SM!. When this bit is written as a 
zero, the TRPS, lORD, IOS2-0, and MS2-0 
status bits are all reset to 0, readying the I/O 
trap state machines to capture future I/O and 
memory cycles. This should be done by the 
SMI handler each time it services an I/O trap. 
Writing a 1 to TRPS has no effect. 
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Bit 6 - lOWS, I/O Write Status (R) 

This read only bit is set when the 110 cycle 
that caused the trap is a write operation. This 
tells the SMI handler that the contents of 
Registers 8C72 and 9472 hold the data that 
was written to the 110 device. This bit is 
cleared during reset or when TRPS is written 
with a O. 

Bits 5:2 - IOS2-0, 110 Address Status 2-0 (R) 

These read-only bits provide information 
about the the I/O Cycles captured by the 110 
trap (See Table 10-1). This information, along 
with the I/O address of the first transfer 
stored in Register 8472, can be used to 
reconstrucfthe complete sequence that may 
have occurred due to an unaligned transfer. 
These bits are cleared during reset or when 
TRPS is written with a O. 

Bits 2:0 - MS2-0, Memory Address Status 2-0 (R) 

These read-only bits provide information 
about memory write cycles, if any, captured 
by ,the I/O trap (See Table 10-2). Memory 
write cycles will only be captured if an in
divisible string input instruction is being ex
ecuted. The status information from MS2-0, 
along with the memory address of the first 
transfer stored in registers 8C72 and 9472, 
can be used to reconstruct the complete se
quence that may have occurred due to an 
unaligned transfer. These bits are cleared 

BITO of 
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during reset or when TRPS is written with a 
O. 

10.3 SMII/O ADDRESS CAPTURE 
REGISTER 

Port Address 8472 

15 14 13 12 11 10 
CIOA CIOA CIOA CIOA CIOA CIOA 

15 14 13 12 11 10 

07 06 05 04 03 02 
CIOA CIOA CIOA CIOA CIOA CIOA 

7 6 5 4 3 2 

09 08 
CIOA CIOA 

9 8 

01 00 
CIOA CIOA 

1 0 

Bits 15:0 - CIOA15-0, Captured I/O Address (R) 

These read only bits hold the 110 address 
being written or read which caused the 110 
trap to occur. If multiple I/O cycles were re
quired due to an unaligned transfer, then this 
is the first address and may need to be ad
justed as discussed in the description of the 
IS02-0 bits in register 7C72. These bits are 
cleared during reset or when TRPS (Register 
7C72) is written with a O. 

ADJUSTMENT TO REG. 8472 

IOS2 IOS1 10SO REG. TRANSFER TYPE TO OBTAIN ACTUAL I/O 

8472 ADDRESS 

0 0 0 X None Only occurs after a clear 

0 0 1 X 16-bit No adjustment needed 

0 1 0 X 32-bit No adjustment needed 

0 1 1 X 32-bit Subtract 2 

1 0 0 X 32-bit Subtract 1 

1 0 1 X 8-bit No adjustment needed 

1 1 0 0 16-bit Subtract 1 

1 1 0 1 16-bit No adjustment needed 

1 1 1 X 32-bit Subtract 3 

X = Don't Care 

TABLE 10-1.1/0 ADDRESS STATUS 
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10.4 I/O DATA/MEMORY ADDRESS 
CAPTURE REGISTER LOW 

Port Address 8C72 (R) 

15 14 13 12 11 10 09 08 
MAID MAID MAID MAID MAID MAID MAID MAID 

15 14 13 12 11 10 9 8 

07 06 05 04 03 02 01 00 
MAID MAID MAID MAID MAID MAID MAID MAID 

7 6 5 4 3 2 1 0 

Bits 15:0 - MAID 15-0, Memory Address or 1/0 
Data Bits 

This read only register holds 16 bits of either 
the memory address being written after SMI 
was asserted or the I/O data being written to 
the 1/0 address which caused the 1/0 trap to 
occur. The lOWS bit in Register 7C72 indi
cates the type of data. If lOWS is ai, then 
this register holds data being written to the 
110 device. If lOWS is 0, then this register 
holds the address of the memory being writ
ten, if any. This register is cleared during 
reset or when TRPS (Register 7C72) is writ
ten with a O. 

When capturing the memory write address, 
this register holds the 16 least significant bits 
of the address of the first memory write cycle 
(register 9472 holds the eight most significant 
bits). More cycles will be completed if the 

BIT 0 of 
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transfer was unaligned. Status bits 
MS2 through 0 in register 7C72 show how 
many bytes were written and indicate how to 
adjust the captured address to get the actual 
address. 

When capturing 1/0 write data, this register 
holds up to 16 bits of data, and Register 9472 
holds the rest, if any. The data bytes may be 
stored in a jumbled order if it was an un
aligned transfer. The format of the stored 
data bytes can be obtained from the IOS2-0 
bits in Register 7C72 using Table 10-3. 

10.5 I/O DATA/MEMORY ADDRESS 
CAPTURE REGISTER HIGH 

Port Address 9472 (R) 

15 14 13 12 11 10 09 08 
MAID MAID MAID MAID MAID MAID MAID MAID 

31 30 29 28 27 26 25 24 

07 06 05 04 03 02 01 00 
MAID MAID MAID MAID MAID MAID MAID MAID 

23 22 21 20 19 18 17 16 

Bits 15:0 - MAID 31-16, Memory Address or 1/0 
Data Bits 

This read-only register holds either: (1) 8 bits 
of the memory address being written after 

ADJUSTMENT TO REG. 8C72 

lOS2 10Sl 10SO REG. TRANSFER TYPE and 9472 TO OBTAIN ACTUAL 

8472 MEMORY ADDRESS 

0 0 0 X None No memory write cycles occurred 

0 0 1 X 16-bit No adjustment needed 

0 1 0 X 32-bit No adjustment needed 

0 1 1 X 32-bit Subtract 2 

1 0 0 X 32-bit Subtract 1 

1 0 1 X 8-bit No adjustment needed 

1 1 0 0 16-bit Subtract 1 

1 1 0 1 16-bit No adjustment needed 

1 1 1 X 32-bit Subtract 3 

X = Don't Care 
TABLE 10-2. MEMORY ADDRESS STATUS 
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SMI is asserted; or (2) the 16 bits of I/O data 
being written to the I/O address which 
caused the I/O trap to occur. The lOWS bit in 
register 7C72 indicates the type of informa
tion. If lOWS is a 1, then this register holds 
data being written to the I/O device. If lOWS 
is 0, then this register holds the address of 
the memory being written, if any. This register 
is cleared during reset or when TRPS 
(register 7C72) is written with a O. 

When capturing the memory write address, 
MAID 23 through MAID 16 holds the eight 
most significant bits of the address of the first 
memory write cycle (register 8C72 holds the 
16 least significant bits). More cycles will be 
done if the transfer is unaligned. Status bits 
MS2 through MSO in register 7C72 show how 
many bytes were written and indicate how to 
adjust the captured address to get the actual 
address. 

When capturing 110 write data, this register 
holds 16 bits of data if it is a 32-bit 110 write. 
Register 8C72 holds the rest of the data. See 
the data format description table for register 
8C72. 

BITO 
of 

1052 1051 1050 REG. DATA SIZE 

8472 

0 0 0 X None 

0 0 1 X 16-bit 

0 1 0 X 32-bit 

0 1 1 X 32-bit 

1 0 0 X 32-bit 

1 0 1 0 8-bit 

1 0 1 1 8-bit 

1 1 0 X 16-bit 

1 1 1 X 32-bit 

Where: 80 = least significant byte 
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10.6 SMI I/O TIMEOUT 

As a power conservation measure, it is desirable 
to put some 110 peripherals to sleep when they 
are not in use. This may involve shutting off 
clocks or removing power. In order to do this, 
there must be a mechanism for determining that a 
device is not in use. In the 7910, timers are in
cluded for each 110 device that is a candidate for 
power reduction measures. Each timer causes an 
SMI when no access is made to an 110 device for 
a programmable amount of time. The timers are 
reset by I/O read or write operations to any ad
dress which falls within the range of its chip 
select. 

When an SMI is generated, the SMI handler takes 
whatever action is appropriate to power down the 
I/O peripheral. The handler then enables the 110 
trap for that device so that it can be awakened the 
next time it is accessed. 

REGISTER 9472 REGISTER 8C72 
HI BYTE LOBYTE HI BYTE LO BYTE 

81 80 

83 82 81 80 

81 80 83 82 

80 83 82 81 

- 80 

80 -
80 81 

82 81 80 83 

81 = next most significant byte (MS8 for 16-bit data) 
82 = next most significant byte (32-bit data only) 
83 = most significant byte (32-bit data only) 
X = Don't Care 

TABLE 10-3. MEMORY ADDRESS OR I/O DATA CAPTURE 
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10.7 SMII/O TIMEOUT CONTROL REGISTER 

Port Address 9C72 

15 14 13 12 11 10 09 08 
FSMI PCS PC2 SPA SPB PAR PCS PC2 

ADS ADS ADS ADS ADS TOS TOS 

07 06 05 04 03 02 01 00 
SPA SPB PAR PCS PC2 SPA SPB PAR 
TOS TOS TOS TOE TOE TOE TOE TOE 

Bit 15 - FSMI, Force SMI (R/w) 

This bit provides a means to invoke the SMI 
handler through software. When this bit is set 
to 1, the SMI pin is asserted. FSMI should be 
cleared by the SMI handler before it exits to 
prevent another SMI. 

Bit 15 = 1, Force SM I Enable 

Bit 15 = 0, Force SMI Disable (Default) 

Bit 14 - PCSADS, Programmable Chip Select 
Activity Detect Status (R) 

This bit can be polled by the SMI handler to 
see if the programmable chip select I/O ad
dress range has been accessed since 
PCSTOS was set. If PCSADS is set, then an 
110 access has occurred since the inactivity 
timeout was triggered. The SMI handler ig
nores the timeout and restarts the timeout 
counter. PCSADS is cleared by reset or when 
PCSTOE is cleared. 

Bit 13 - PC2ADS, Programmable Chip Select 2 
Activity Detect Status (R) 

This bit can be polled by the SMI handler to 
see if the second Programmable Chip 
Select's 1/0 address range has been ac
cessed since PC2TOS was set. If PC2ADS is 
set, then an 1/0 access has occurred since 
the inactivity timeout was triggered. The SMI 
handler ignores the timeout and restarts the 
timeout counter. PC2ADS is cleared by reset 
or when PC2TOE is cleared. 

Bit 12 - SPAADS, Serial Port A Chip Select 
Activity Detect Status (R) 

This bit can be polled by the SMI handler to 
see if the Programmable Chip Select's 1/0 
address range has been accessed since 
SPATOS was set. If SPAADS is set, then an 
1/0 access has occurred since the inactivity 
timeout was triggered. The SMI handler ig-
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nores the timeout and restarts the timeout 
counter. SPAADS is cleared by reset or when 
SPATOE is cleared. 

Bit 11 - SPBADS, Serial Port B Chip Select 
Activity Detect Status (R) 

This bit can be polled by the SMI handler to 
see if the Programmable Chip Select's I/O 
address range has been accessed since 
SPBTOS was set. If SPBADS is set, then an 
1/0 access has occurred since the inactivity 
timeout was triggered. The SMI handler ig
nores the timeout and restarts the timeout 
counter. SPBADS is cleared by reset or when 
SPBTOE is cleared. 

Bit 10 - PARADS, Parallel Port Chip Select 
Activity Detect Status (R) 

This bit can be polled by the SMI handler to 
see if the programmable chip select 110 ad
dress range has been accessed since PAR
TOS was set. If PARADS is set, then an 110 
access has occurred since the inactivity 
timeout was triggered. The SMI handler ig
nores the timeout and restarts the timeout 
counter. PARADS is cleared by reset or when 
PARTOE is cleared. 

Bit 9 - PCSTOS, Programmable Ship Select 
Timeout Status (R) 

This bit is set to a 1 when an 1/0 access 
timeout has occurred for the Programmable 
Chip Select 1/0 address range. It can be 
polled by the SMI handler to determine the 
source of the SMI. PCSTOS is cleared by 
reset or when PCSTOE is cleared. 

Bit 8 - PC2TOS, Programmable Chip Select 2 
Timeout Status (R) 

This bit is set to a 1 when an 1/0 access 
timeout has occurred for the second 
programmable chip select 1/0 address range. 
It can be polled by the SMI handler in deter
mining the source of the SMI. PC2TOS is 
cleared by reset or when PC2TOE is cleared. 

Bit 7 - SPATOS, Serial Port A Chip Select 
Timeout Status (R) 

This bit is set to a 1 when an 1/0 access 
timeout has occurred for the Serial Port A 
Chip Select 1/0 address range. It can be 
polled by the SMI handler in determining the 
source of the SMI. SPATOS is cleared by 
reset or when SPATOE is cleared. 
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Bit 6 - SPBTOS, Serial Port B Chip Select 
Timeout Status (R) 

This bit is set to a 1 when an I/O access 
timeout has occurred for the Serial Port B 
Chip Select's I/O address range. It can be 
polled by the SMI handler in determining the 
source of the SMI. SPBTOS is cleared by 
reset or when SPBTOE is cleared. 

Bit 5 - PARTOS, Parallel Port Chip Select 
Timeout Status (R) 

This bit is set to a 1 when an I/O access 
timeout has occurred for the Parallel Port 
Chip Select I/O address range. It can be 
polled by the SMI handler in determining the 
source of lhe SMI. PARTOS is cleared by 
reset or when PARTOE is cleared. 

Bit 4 - PCSTOE, Programmable Chip Select 
Timeout Enable (R/W) 

This bit, when written with a 1, enables an I/O 
access timeout for the Programmable Chip 
Select I/O address range. When written with 
a 0, this bit disables programmable chip 
select timeouts and clears PCSTOS. 

Bit 4 = 1, Timeout Enable 

Bit 4 = 0, Timeout Disable (Default) 

Bit 3 - PCSTOE, Programmable Chip Select 2 
Timeout Enable (R/W) 

This bit, when written with a 1 , enables an I/O 
access timeout for the second Programmable 
Chip Select I/O address range. When written 
with a 0, this bit disables programmable chip 
select 2 timeouts and clears PC2TOS. 

Bit 3 = 1, Timeout Enable 

Bit 3 = 0, Timeout Disable (Default) 

Bit 2 - SPATOE, Serial Port A Chip Select 
Timeout Enable (RIW) 

This bit, when written with a 1, enables an I/O 
access timeout for the Serial Port A Chip 
Select I/O address range. When written with 
a 0, this bit disables serial port A chip select 
timeouts and clears SPATOS. 

Bit 2 = 1, Timeout Enable 

Bit 2 = 0, Timeout Disable (Default) 
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Bit 1 - SPBTOE, Serial Port BChip Select 
Timeout Enable (RIW) 

This bit, when written with a 1, enables an I/O 
access timeout for the Serial Port B Chip 
Select I/O address range. When written with 
a 0, this bit disables serial port B chip select 
timeouts and clears SPBTOS. 

Bit 1 = 1, Timeout Enable 

Bit 1 = 0, Timeout Disable (Default) 

Bit 0 - PARTOE, Parallel Chip Select Timeout 
Enable (RIW) 

This bit, when written with a 1, enables an I/O 
access timeout for the Parallel Port Chip 
Select I/O address range. When written with 
a zero, this bit disables parallel port chip 
select timeouts and clears PARTOS. 

Bit ° = 1, Timeout Enable 

Bit ° = 0, Timeout Disable (Default) 

10.8 SMI I/O TIMEOUT COUNT REGISTER 1 

Port Address A472 

15 14 13 12 11 10 09 08 
SMI PCS PCS PCS PCS PCS PC2 PC2 
WUE TC4 TC3 TC2 TC1 TCO TC4 TC3 

07 06 05 04 03 02 01 00 
PC2 PC2 PC2 SPA SPA SPA SPA SPA 
TC2 TC1 TCO TC4 TC3 TC2 TC1 TCO 

Bit 15 - SMIWUE, SMI Wake Up Enable (RIW) 

This bit, when set to a 1, causes the asser
tion of SMI to wake up the processor from a 
powerdown or stop clock state. An INTR, 
NMI, or DMA request continues to wake up 
the processor as in the WD76C10,regard
less of the state of this bit. Note that setting 
this bit does not enable SMI to initiate a 
resume from suspend. 

Bit 15 = 1, Enable SMI Wakeup 

Bit 15 = 0, Disable SMI Wakeup (Default) 

Bits 14:10 - PCSTC 4-0, Programmable Chip 
Select Timeout Count (RIW) 

These bits, along with the timeout clock 
select PCSTCS (Register AC72), determine 
the time period during which an I/O peripheral 
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(selected by the Programmable Chip Select) 
must not be accessed in order to be con
sidered inactive. The timeout setting is com
puted as follows: 

PCSTCS = 0, (Count in PCSTC4-0) x 4 
seconds 
Range: from 4 seconds to 2 minutes, 
4 seconds 
Error: -0, +2 seconds. 

PCSTCS = 1, (Count in PCSTC4-0) x 4 
seconds 
Range: from 40 seconds to 20 
minutes, 40 seconds 
Error: -0, +20 seconds. 

Default after reset is 00000. 

Bits 9:5 - PC2TC 4-0, Programmable Chip Select 
2 Timeout Count (RIW) 

These bits, along with the timeout clock 
select PC2TCS (Register AC72), determine 
the time period during which an I/O peripheral 
(selected by Programmable Chip Select 2) 
must not be accessed in order to be con
sidered inactive. The timeout setting is com
puted as follows: 

PC2TC = 0, (Count in PC2TC4-0) x 4 
seconds 
Range: from 4 seconds to 2 minutes, 
4 seconds 
Error: -0, +2 seconds. 

PC2TC = 1, (Count in PC2TC4-0) x 4 
seconds 
Range: from 40 seconds to 20 
minutes, 40 seconds 
Error: -0, +20 seconds. 

Default after reset is 00000. 

Bits 4:0 - SPATC4-O, Serial Port A Chip Select 
Timeout Count (RIW) 

These bits, along with the timeout clock 
select SPATCS (Register AC72), determine 
the time period during which Serial Port A 
must not be accessed in order to be con
sidered inactive. The timeout setting is com
puted as follows: 

10.9 
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SPATCS = 0, (Count in SPATC4-0) x 4 
seconds 
Range: from 4 seconds to 2 minutes, 
4 seconds 
Error: -0, +2 seconds. 

SPATCS = 1, (Count in SPATC4-0) x 4 
seconds 
Range: from 40 seconds to 20 
minutes, 40 seconds 
Error: -0, +20 seconds. 

Default after reset is 00000. 

SMIIIO TIMEOUT COUNT REGISTER 2 

Port Address AC72 

15 14 13 12 11 10 09 08 
lOT SPB SPB SPB SPB SPB PAR PAR 

CTM TC4 TC3 TC2 TC1 TCO TC4 TC3 

07 06 05 04 03 02 01 00 
PAR PAR PAR PCS PC2 SPA SPB PAR 
TC2 TC1 TCO TCS TCS TCS TCS TCS 

Bit 15 -IOTCTM, I/O Timeout Counter Test Mode 
(R/W) 

This bit, when written as a 1, puts the timeout 
counters into test mode. For factory use only. 

Bits 14:10 - SPBTC4-0, Serial Port B Chip Select 
Timeout Count (RIW) 

These bits, along with the timeout clock 
select SPBTCS (Register AC72), determine 
the time period during which Serial Port B 
must not be accessed in order to be con
sidered inactive. The timeout setting is com
puted as follows: 

SPBTCS = 0, (Count in SPBTC4-0) x 4 
seconds 
Range: from 4 seconds to 2 minutes, 
4 seconds 
Error: -0, +2 seconds. 

SPBTCS = 1, (Count in SPBTC4-0) x 4 
seconds 
Range: from 40 seconds to 20 
minutes, 40 seconds 
Error: -0, +20 seconds. 

Default after reset is 00000. 
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Bits 9:5 - PARTC4-O, Parallel Port Chip Select 
Timeout Count (R/w) 

These bits, along with the timeout clock 
select PARTCS (Register AC72), determine 
the time period during which the parallel port 
must not be accessed in order to be con
sidered inactive. The timeout setting is com
puted as follows: 

PARTCS = 0, (Count in PARTC4-0) x 4 
seconds 
Range: from 4 seconds to 2 minutes, 
4 seconds 
Error: -0, +2 seconds. 

PARTCS = 1, (Count in PARTC4-0) x 4 
seconds 
Range: from 40 seconds to 20 
minutes, 40 seconds 
Error: -0, +20 seconds. 

Default after reset is 00000. 

Bit 4 - PCSTCS, Programmable Chip Select 
Timeout Clock Select (R/w) 

This bit selects the clock to be used for the 
Programmable Chip Select Timeout Counter. 
When it is set to 0, a high-speed clock is 
used to obtain 4 second timing resolution for 
timeout periods of 2 minutes or less. When it 
is set to 1, a low-speed clock is used to ob
tain 40 second timing resolution but a longer 
timeout period of over 20 minutes. See the 
description of PCSTC4-0 (Register A472) for 
more details. Default after reset is o. 

Bit 3 - PC2TCS, Programmable Chip Select 2 
Timeout Clock Select (R/w) 

This bit selects the clock to be used for the 
second Programmable Chip Select Timeout 
Counter. When it is set to 0, a high-speed 
clock is used to obtain 4 second timing 
resolution for timeout periods of 2 minutes or 
less. When it is set to 1, a low-speed clock is 
used to obtain 40 second timing resolution, 
but a longer timeout period of over 20 
minutes. See the description of PC2TC4-0 
(Register A472) for more details. Default after 
reset is O. 

Bit 2 - SPATCS, Serial Port A Chip Select 
Timeout Clock Select (R/w) 

This bit selects the clock to be used for the 
Serial Port A Timeout Counter. When it is set 
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to 0, a high-speed clock is used to obtain 4 
second timing resolution for timeout periods 
of 2 minutes or less. When it is set to 1, a 
low-speed clock is used to obtain 40 second 
timing resolution, but a longer timeout period 
of over 20 minutes. See the description of 
SPATC4-0 (Register A472) for more details. 
Default after reset is o. 

Bit 1 - SPBTCS, Serial Port B Chip Select 
Timeout Clock Select (R/W) 

This bit selects the clock to be used for the 
Serial Port B Timeout Counter. When it is set 
to 0, a high-speed clock is used to obtain 4 
seconds timing resolution for timeout periods 
of 2 minutes or less. When it is set to 1, a 
low-speed clock is used to obtain 40 second 
timing resolution, but a longer timeout period 
of over 20 minutes. See the description of 
SPBTC4-0 (Register A472) for more details. 
Default after reset is o. 

Bit 0 - PARTCS, Parallel Port Chip Select 
Timeout Clock Select 

This bit selects the clock to be used for the 
Parallel Port Timeout Counter. When it is set 
to 0, a high-speed clock is used to obtain 4 
seconds timing resolution for timeout periods 
of 2 minutes or less. When it is set to 1, a 
low-speed clock is used to obtain 40 second 
timing resolution, but a longer timeout period 
of over 20 minutes. See the description of 
PARTC4-0 (Register A472) for more details. 
Default after reset is o. 

10.10 SMI AUXILIARY CONTROL REGISTER 

Port 5472 

15 14 13 12 11 10 09 08 
TOM 7910 WOO WOO PCS PCS PC3 PC3 
SK GEN GS 3M 2M TPE TOE 

07 06 05 04 03 02 01 00 
PC3 PC3 PC3 PC3 PC3 PC3 PC3 PC3 
TOS ADS TC4 TC3 TC2 TC1 TCO TCS 

Bit 15 - TOMSK, Timeout Mask (R/W) 

When set to one, TOMSK masks I/O device 
timeouts from causing assertion of the SMI out
put. The I/O device timers continue to count 
down, if enabled, and, if a timeout occurs, the SMI 
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output is asserted after TOMSK is cleared. Also, 
when TOMSK is set, the I/O device timers will not 
detect I/O activity, thus preventing the timer from 
being reset. 

Bit 14 -7910 (R) 

This read only bit is set to 1 if the device is a 
WD7910 or WD7910lP. It is set to 0 if the 
device is a WD771 0 or WD771 OlP. 

Bit 13 - WDOGEN, Watchdog Timer Interrupt 
Enable (RIW) 

This bit, when set to a 1, enables a periodic 
interrupt to be generated every 125 ms. Each 
interrupt causes lCl_ATN to be set, so that it 
is useful both with or without SMI suppport. 
The interrupt is cleared either by writing 
WDOGST with a zero or by writing WDOGEN 
with a zero to disable further watchdog inter
rupts. Note that the first interrupt after the 
watchdog timer is enabled can occur anytime 
from 62.5 ms to 125 ms later. 

Bit 12 - WDOGS, Watchdog Timer Interrupt 
Status (Read/Clear) 

This bit is read as a 1 when lCl-.ATN has 
been set due to a Watchdog Timer Interrupt 
Request. WDOGST is cleared by writing it 
with a zero, although the watchdog timer con
tinues to run and will set WDOGST at 125 ms 
intervals. WDOGST is also cleared when 
WDOGEN is set to a zero. Writing WDOGST 
with a 1 has no effect. 

Bit 11 - PCS3M, Programmable Chip Select 3 
Mask (RIW) 

This bit is an extension to register D872. 
When zero, PCS3M allows I/O accesses to 
the third Programmable Chip Select address 
range (see registers 5C72 and 6C72) to be 
observed as a source of activity by the sys
tem activity monitor. When set, it masks I/O 
accesses to the third Programmable Chip 
Select from being seen by the system activity 
monitor. Note that the setting of ENPCS3 in 
register 5C72 has no effect on I/O activity 
detection. 

Bit 10 - PCS2M, Programmable Chip Select 2 
Mask (RIW) 

This bit is an extension to register D872. 
When set to 0, PCS2M allows I/O accesses 
to the second Programmable Chip Select ad
dress range (see registers 5C72 and 6472) to 
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be observed as a source of activity by the 
system activity monitor. When set, it masks 
I/O accesses to the second Programmable 
Chip Select from being seen by the system 
activity monitor. Note that the setting of 
ENPCS2 in register 5C72 has no effect on 
I/O activity detection. 

Bit 9 - PC3TPE, Programmable Chip Select 3 
Trap Enable (R/W) 

This bit, when set to 1, enables an I/O trap to 
occur whenever an I/O read or write occurs at 
an address within the range covered by the 
third Programmable Chip Select (see 
registers 5C72 and 6C72). This trap occurs 
even if the ENPCS3 bit in register 5C72 is 
not set. 

Bit 8 - PC3TOE, Programmable Chip Select 3 
Timeout Enable (R/W) 

This bit, when written with a 1, enables an I/O 
access timeout for the third Programmable 
Chip Select I/O address range. The timeout 
count will be reset by I/O to the Program
mable Chip Select 3 address range even if 
the ENPCS3 bit in register SC72 is not set. 
When written with a 0, PC3TOE disables 
Programmable Chip Select 3 timeouts and 
clears PC3TOS. 

Bit 7 - PC3TOS, Programmable Chip Select 3 
Timeout Status (R) 

This bit is set to a 1 when an I/O access 
timeout has occurred for the third Program
mable Chip Select I/O address range. It can 
be polled by the SMI handler in determining 
the source of the SM!. PC3TOS is cleared by 
reset or when PC3TOE is cleared. 

Bit 6 - PC3ADS, Programmable Chip Select 3 
Activity Detect Status (R) 

This bit can be polled by the SMI Handler to 
see if the third Programmable Chip Select I/O 
address range has been accessed since 
PC3TOS was set. If PC3ADS is set, then an 
I/O access has occurred since the inactivity 
timeout was triggered. The SMI Handler 
would ignore the timeout and restart the 
timeout counter. PC3ADS is cleared by reset 
or when PC3TOE is cleared. 
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Bit 5:1 - PC3TC4-0, Programmable Chip Select 3 
Timeout Count (RIW) 

These bits, along with the timeout clock 
select PC3TCS, determine the time period 
during which an I/O peripheral (selected by 
Programmable Chip Select 3) must not be 
accessed in order to be considered inactive. 
The timeout setting is computed as follows: 

PC3TCS = 0, (Count in PC3TC4-0) x 4 
seconds 
Range: from 4 seconds to 2 minutes, 
4 seconds 
Error: -0, +2 seconds. 

PC3TCS = j, (Count in PC3TC4-0) x 4 
seconds 
Range: from 40 seconds to 20 
minutes, 40 seconds 
Error: -0, +20 seconds. 

Default after reset is 00000. 

Bit 0 - PC3TCS, Programmable Chip Select 3 
Timeout Clock Select (RIW) 

This bit selects the clock to be used for the 
third Programmable Chip Select timeout 
counter. When it is set to 0, a high-speed 
clock is used to obtain 4 second timing 
resolution for timeout periods of 2 minutes or 
less. When it is set to 1, a low-speed clock is 
used to obtain 40 second timing resolution 
but a longer timeout period of over 20 
minutes. See the description of PC3TC4-0 for 
more details. 

10.11 PROGRAMMABLE CS2 AND CS3 
CONTROL REGISTER 

Port 5C72 

15 14 13 12 11 10 09 08 
PCS ENP UMS 2LM 2LM 2LM 2LM 2LM 
2L CS2 K2 SK4 SK3 SK2 SK1 SKO 

07 06 05 04 03 02 01 00 
PCS ENP UMS 3LM 3LM 3LM 3LM 3LM 
3L CS3 K3 SK4 SK3 SK2 SK1 SKO 

SYSTEM MANAGEMENT INTERRUPT (SMI) 

Bit 15 - PCS2L, Programmable Chip Select 2 
Location (RIW) 

When this bit is set to a 1, the I/O device 
selected by the second Programmable Chip 
Select is located on the expansion bus. 
When this bit is low, the device is located on 
the RAO-7/EDO-7 bus. 

Bit 14 - ENPCS2, Enable Programmable Chip 
Select 2 (R/W) 

When this bit is set to a 1, the second 
Programmable Chip Select is enabled. When 
set to a 0, the second Programmable Chip 
Select is not enabled. 

Bit 13 - UMSK2, Upper Address Bits Mask 2 
(R/W) 

When this bit is set to a 1, then A 15 through 
A 10 from register 6472 are compared against 
CPU address Bits 15 through 10 when 
qualifying the second programmable chip 
select. When UMSK2 is set to a 0, then Bits 
A 15 through A 10 are ignored. 

Bits 12:8 - 2LMSK4-0, Programmable CS2 Lower 
Address Bits MASK 4-0 (R/W) 

These mask bits allow individual qualification 
of the lower five address bits in register 6472. 
When a mask bit is set to 1, the correspond
ing bit in register 6472 is compared against 
that CPU address bit. When a mask bit is set 
to 0, the corresponding bit in register 6472 is 
ignored in the comparison. This allows ad
dress ranges of up to 32 bytes to be sup
ported (2LMSK4-0 would all be zeroes), as 
well as unusual requirements such as odd 
addresses only. 

Bit 7 - PCS3L, Programmable Chip Select 3 
Location (RIW) 

When this bit is set to a 1, the I/O device 
selected by the third Programmable Chip 
Select is located on the expansion bus. 
When this bit is low, the device is located on 
the RAO-7/EDO-7 bus. 

Bit 6 - ENPCS3, Enable Programmable Chip 
Select 3 (R/W) 

When this bit is set to a 1, the third Program
mable Chip Select is enabled. When set to a 
0, the third Programmable Chip Select is not 
enabled. 
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Bit 5 - UMSK3, Upper Address Bits Mask 3 (R/W) 

When this bit is set to ai, then A 15 through 
A10 from register 6C72 are compared 
against CPU address bits 15 through 10 
when qualifying the third Programmable Chip 
Select. When UMSK3 is set to a zero, then 
Bits A 15 through Ai 0 are ignored. 

Bits 4:0 - 3LMSK4-0, Programmable CS3 Lower 
Address Bits Mask (R/w) 

These mask bits allow individual qualification 
of the lower five address bits in Register 
6C72. When a mask bit is set to 1, the cor
responding bit in Register 6C72 is compared 
against that CPU address bit. When a mask 
bit is set to 0, the corresponding bit in 
Register 6C72 is ignored in the comparison. 
This allows address ranges of up to 32 bytes 
to be supported (3LMSK4-0 would all be 
zeroes), as well as unusual requirements 
such as odd addresses only. 

10.12 PROGRAMMABALE CS2 ADDRESS 
REGISTER 

Port 6472 

15 14 13 12 11 10 09 08 
PC2 PC2 PC2 PC2 PC2 PC2 PC2 PC2 
A15 A14 A13 A12 A11 A10 A9 A8 

07 06 05 04 03 02 01 00 
PC2 PC2 PC2 PC2 PC2 PC2 PC2 PC2 
A7 A6 A5 A4 A3 A2 A1 AO 

Bits 15:0 - PC2A15-0, Programmable Chip Select 
2 Address (R/w) 

These bits determine the base address of the 
1/0 device corresponding to the second 
programmable chip select. Register 5C72 
provides the enable for Programmable Chip 
Select 2 and allows selective masking of 
some of the address bits. 

WD7910/WD7910LP 

10.13 PROGRAMMABLE CS3 ADDRESS 
REGISTER (R/W) 

Port 6C72 

15 14 13 12 11 10 09 08 
PC3 PC3 PC3 PC3 PC3 PC3 PC3 PC3 
A15 A14 A13 A12 A11 A10 A9 A8 

07 06 05 04 03 02 01 00 
PC3 PC3 PC3 PC3 PC3 PC3 PC3 PC3 
A7 A6 A5 A4 A3 A2 A1 AO 

Bits 15:0 - PC3A15-0, Programmable Chip Select 
3 Address (R/w) 

These bits determine the base address of the 
I/O device corresponding to the third 
Programmable Chip Select. Register 5C72 
provides the enable for Programmable Chip 
Select 3 and allows selective masking of 
some of the address bits. 

10.14 DRAM SIZE AND SMI RAM REGISTER 

Port Address 7472 

15 14 13 12 11 10 09 08 
Bank Bank Bank Bank SMLR 

3 2 1 0 ENB 

I 07 I 06 I 05 I 04 I 03 I 02 I 01 00 

This register is used to set up the starting address 
of the SMI DRAM and support extra DRAM types. 

Bits 15:12 - DRAM Type 

These four bits are used with Bits 7:0 of 
Register 3872 to determine the DRAM sizes. 

Bit 15 is the MSB of DRAM size for bank 3 

Bit 14 is the MSB of DRAM size for bank 2 

Bit 13 is the MSB of DRAM size for bank 1 

Bit 12 is the MSB of DRAM size for bank 0 

See Section 6.2, Memory Configuration. 

Bits 11 :10, Reserved 

These bits should be programmed to zero. 
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Bit 9 - HSRPD, Holdoff 8MI When Reset Pending 
Disable (RIW) 

When H8RPD is set to 0, then all 8MI sources, 
except I/O traps, are held off whenever a 
reset-pending condition is detected. The 
sources remain active internally, but do not 
cause the 8MI output to be asserted until the 
reset-pending condition is cleared. When 
H8RPD is set to a 1, the reset pending condi
tion does not gate off the assertion of 8M!. 
Reset pending is defined as: (1) Port 92 reset 
pending; or (2) KB controller ports 60 or 64 
have been written within the last 14 Ils or (3) 
the CPU is in a halt state. 

Bit 9 = 1, 8MI is not held off. 

Bit 9 = 0, 8MI is held off when reset is pend
ing (Reset default). 

SYSTEM MANAGEMENT INTERRUPT (SMI) 

Bit 8, 8MI RAM Enable 

8etting this bit enables the 8MI RAM remap
ping and protection. The system BI08 should 
load the 8MI service routine into the 8MI 
RAM before setting this bit. 

Bit 8 =0, 8MI RAM disable (default) 

Bit 8 = 1, 8MI RAM enable 

Bits 7:0, 8MI RAM 8tarting Address 

These bits determine the physical location of 
the 8MI DRAM. These are also used to 
read/write protect the 8MI RAM when the 
8MI RAM Enable bit is set. 
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11.0 DIAGNOSTIC MODE 
Simultaneously asserting MASTER, MEMR and 11.1 DIAGNOSTIC REGISTER 
MEMW while RSTIN is asserted, causes all out- Port Address 9872H - Read and Write 
put pins to become tristated. The outputs remain 
tristated if RSTIN is de-asserted while MASTER, 
MEMR and MEMW are asserted. The outputs be
come active drivers when RSTIN is asserted and 
any of the MASTER, MEMR or MEMW are not 
asserted. The output tristate mode allows an in
circuit board tester to drive the WD7910's output 
pins. 

1/0 Pin Mapping Mode 

The 110 Pin Mapping Mode provides the in-circuit 
tester for evaluating the connectivity of the 
WD7910 to the printed circuit board. Simul
taneously asserting MASTER, MEMR, MEMW 
when A 1 is high, A2 is low, and RSTIN is as
serted, causes the WD791 0 to switch to 110 Map
~ode. The WD7910 stays in this mode if 
RSTIN is deasserted while MASTER, MEMR, and 
MEMW are asserted. 

Full Tristate Mode 

Simultaneously asserting MASTER, MEMR, and 
MEMW with A1 low and A2 high while RSTIN is 
asserted, causes all the output pins of the 
WD791 0 to tristate and disablesall the pullup and 
pulldown register. The WD791 0 stays in this mode 
if RSTIN is deasserted while MASTER, MEMR 
and MEMW are asserted. The outputs become 
active drivers when RSTIN is asserted with any of 
the MASTER, MEMR or MEMW is deasserted. 
This allows the tester to test for leakage current of 
the device. 

Pullup and Pulldown Test Mode 

Simultaneously asserting MASTER, MEMR, 
MEMW with A 1 and A2 high while RSTIN is as
serted, causes all the output pins of the WD7910 
to become tristated and. enables all the pullup and 
pulldown resistors. The WD7910 stays in this 
mode if RSTIN is deasserted while MASTER, 
MEMR and MEMW are asserted. The outputs be
come active drivers when RSTIN is asserted with 
any of the MASTER, MEMR or MEMW is deas
serted. This allows the tester to test the pullup 
and pulldown resistors of the device. 

15 114 1 13 12 11 10 09 08 

RSVO CLK_ REF AUT_ CLK 
TST MAS- A20 SW 

07 06 05 I 04 I 03 I 02 I 01 I 00 

sx OS OIAG 

Signal Default 
Name RSTIN 
VER .................. VER# 
ClK TST ............... 0 
REFMAS .............. 0 
AUT-A20 ............... 0 
Bit 09 ................. None 
ClK SW ............... 0 
SX - .................. None 
OS .................. 0 
OIAG ................. 0-0 

Bit 12 - CLK_TST, Clock Test 

Diagnostics for factory use only. 

Bit 11 - REF_MAS, Bus Master Refresh 

Additional external logic may be required to 
support the bus master initiated refresh. 

REF MAS = 0-
-Does not support bus master initiated 
refresh (Default value). 

REF_MAS = 1 -
Supports bus master initiated refresh. 

Bit 10 -AUT_A20, Automatic Gate A20 

Normally, the Alternate Gate A20 signal from 
Port 092H is OR'ed with the 8042 Gate A20. 

When the AUT _A20 bit is set, the Alternate 
Gate A20 control bit automatically changes 
state to match the keyboard's Gate A20. Bit 
1 (ALT _A20G) of Port 092H is set or reset 
according to the way 8042 is programmed. 
When the keyboard data port is read using 
the D1 keyboard controller command, the 
state of the Gate A20 status bit is replaced by 
that of AUT_A20. 
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The state of the A20 gating signal is available 
on PMC output 6 by reading Port 7072H (see 
Table 9-1). 

AUT_A20 = 0-
Normal Alternate Gate . A20 (Default 
value). 

AUT_A20 = 1 -
Automatic Gate A20 

Bit 09 - Not used, state is ignored. 

Bit 08 - CLK_SW, Clock Switch 

The short clock switch reset pulse width is 1 
Ils plus 16 CPUCLKs. The 80486 processor 
requires a 1 I]1S clock switch. 

CLK_SW=O -
Short clock switch reset width (Default 
value) 

CLK_SW= 1 -
1 ms clock switch reset width 

DIAG FUNCTION 

00000 Normal Speaker 

00001 Speaker Disabled 

00010 Reserved 

00011 Reserved 

00100 Reserved 

00101 Reserved 

00110 Reserved 

00111 Reserved 

01000 Reserved 

01001 Reserved 

01010 Reserved 

01011 Reserved 

01100 Reserved 

01101 Reserved 

01110 Reserved 

01111 Reserved 

DIAGNOSTIC MODE 

Bit 07 - SX, 80386SX Processor 

At power up the System Controller samples 
the type of processor in the system. 

SX=O-
80286 processor was detected. 

SX= 1-
80386SX processor was detected. 

Bit 06 - DS, Diagnostic Signal 

OS represents the state of the diagnostic sig
nal selected by DIAG (bits 05 through 00). 

Bits 05-00 - DIAG, Diagnostic Function 

DIAG selects the diagnostic function to be 
performed. The OS bit represents the state 
of the signal selected. Table 11-2. lists the 
tests available. 

DIAG = 00000 - Diagnostic output disabled, 
speaker normal. 

DIAG = 00001 - Diagnostic output disabled, 
speaker disabled. 

DIAG FUNCTION 

10000 Reserved 

10001 Reserved 

10010 Reserved 

10011 Reserved 

10100 Reserved 

10101 Reserved 

10110 Reserved 

10111 Reserved 

11000 Reserved 

11001 Reserved 

11010 Reserved 

11011 Reserved 

11100 Reserved 

11101 . Reserved 

11110 Reserved 

11111 Reserved 

TABLE 11-1. DIAGNOSTIC TESTS 
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11.2 DELAY LINE DIAGNOSTIC REGISTER 

Port Address A072H - Read and Write 

13 12 111 110 1 09 1 08 

07 06 05 I 04 I 03 I 02 .l 01 J 00 

LAT DL DELAY 

Signal Default 
Name RSTIN 
Bits 15-08 ............... None 
LAT .................. 0 
DL ................... 0 
DELAY ................. None 

Bit 07 - lAT, Latch Output Strength 

The delay line count value (bits 05-00) is 
used to control the output buffer strength. 
The output buffer strength is normally ad
justed every time the delay count changes. 
LAT may be used to lock the buffer strength 
at its present value. 

LAT = 0-
The output buffer strength is adjusted 
when the delay count changes. 

LAT = 1 -
The output buffer strength is locked at 
its present value. 

Bit 06 - Dl, Delay Freeze 

The internal self tuning delay line normally is 
updated by one delay element during every 
refresh cycle. For test purposes, the delay 
may be forced to stop generating calibration 
cycles. When delay line updates are frozen, 
the tester may write different delay line 
counter values in bits 05-00. 

DL=O -
Normal delay line operation (Default 
value) 

DL= 1 -
Freeze delay line 

WD7910IWD7910LP 

Bits 05-00 - DELAY, Delay Counter Value 

The delay line counter value is used to con
trol the output buffer strength. 

This register may be written to when DL is set 
to one. 

11.3 TEST ENABLE REGISTER 

Port Address A872H - Bits 15-10 Read only 
Bits 09-00 Read and Write 

The test function bits 07-03 are for factory use only. 

15 114 1 13 1 12 11 10 09 08 

SVER BF40 BC40 IRQ9 TDL 
EN 

07 06 05 04 03 02 01 00 

OLD BFC BIST BFC BIST EN DISFA EN 
IHLD 3 3 40 40 PLD LVC 

Signal Default 
Name At RSTIN 
All signals . . . . . . . . . . . . . . . 0-0 

Bits 15-12 - SVER, Secondary Version Number. 

See VER at Port Address 9872H. 

PORT ADDRESS PORT ADDRESS 
D472H DEVICE - A872H SECONDARY 

Bits 14, 13 VERSION - Bits 15-12 
14 13 Device 15 14 13 12 Rev 

0 0 WD76C10 0 0 0 0 A 

0 1 WD771 0/791 0 0 0 0 1 B 

1 0 Reserved 0 0 1 0 C 

1 1 Reserved - - - - -
1 1 1 1 P 

Bit 11 - BF40, EMS Register Self Test Status 

Bit 10 - BC40, EMS Register Self Test Status 
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Bit 09 ·'IRQ9EN = 0, Masks IRR9 and ISR9 so 
that the System Activity Monitor does not detect 
these signals. This prevents vertical retrace from 
being a source of activity for SAM. 

IR09EN = 0, 
Masking of IRR9 and ISR9 enabled 

IR09EN = 1, 
Masking disabled 

Bit 08 • TDL, Test Delay Line. 

Bit 07 ·OLD_IHLD, 

OLD IHLD = 0-
- SX test not enabled 

OLD IHLD = 1-
-SX test enabled 

Bit 06 • BFC3, 

BFC3 = 0-
DMA register file test 

BFC3 = 1 -
DMA register file test 

Bit 05 • BIST3, 

BIST3 = 0-
DMA register file test 

BIST3 = 1 -
DMA register file test 

Bit 04 • BFC40, 

BFC40 = 0 -EMS mapping RAM 

BFC40 = 1 -EMS mapping RAM 

Bit 03· BIST40, 

BIST40 = o-
EMS mapping RAM 

BIST40 = 1 -
EMS mapping RAM 

Bit 02 • EN_PLD, Enable Pulldown 

EN PLD = 0-
- Pulldown resistors are not enabled. 

EN PLD = 1 -
- 40K to 100K internal pulldown resistors 

will be enabled during processor power 
down or full power down on processor 
address lines A23 through ADO, and on 
processor data lines D15 through DOO. 

DIAGNOSTIC MODE 

Bit 01 • DISFA, Disable First Access 

DISFA= 0-
First access Page Mode cycles are not 
disabled. 

DISFA= 1 -
First access Page Mode cycles are dis
abled. Page Miss cycles occur instead. 

Bit 00 • EN_LVL, Enable Level 

The Interrupt Controller may be programmed 
to support Level Sensitive Mode for diagnos
tic adapters which may need to test this 
capability. 

EN LVL=O-
- Level Sensitive Interrupt Mode in the 

8259 Interrupt Controller is not sup
ported. L_ T (bit 3) at Port 020H has no 
effect. 

EN LVL= 1-
- Level Sensitive Interrupt Mode in the 

8259 Interrupt Controller is supported. 
L_ T (BIT 3) at Port 020H now controls 
the selection of edge-sensed or level
sensed interrupts. 

11.4 TEST STATUS REGISTER 

Port Address DC72H - Read only 

For factory use only. 

15 114 113 12 111 110 109 108 

Delay Line Status 
CAL MED SLOW OlT6 OlT5 DlT4 DlT3 DlT2 

07 106 05 1 04 1 03 1 02 1 01 00 

OlT1 OlTO BF34 BF33 BF32 BF31 BF30 BC 

Signal Default 
~me RSTIN 
All signals . . . . . . . . . . . . . .. None 
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Bit 15 - CAL, Calibration 

CAL = 0-
Internal delay line has not completed 
initial calibration. 

CAL = 1 -
Internal delay line has completed initial 
calibration. 

Bits 14,13 - MED, SLOW, Medium and Slow 

These bits provide information regarding the 
output buffer strength. 

MEDIUM SLOW 

0 0 Output buffers are set 
to low strength (fast 
WD791 0/791 OLP). 

0 1 Invalid 

1 0 Output buffers are set 
to medium strength 
(medium speed 
WD791 0/791 OLP). 

1 1 Output buffers are set 
to full strength (slow 
WD791 0/791 OLP). 

WD7910lWD7910LP 

Bits 12-06 - DLT6-DLTO, 

These bits provide information about internal 
nodes and are for test purposes only. Their 
state is dependent upon the test mode 
selected and the speed of the 
WD791 01791 OlP. 

Bits 05-01 - BF34-BF30, 

These bits provide information about internal 
nodes and are for test purposes only. Their 
state is dependent upon the test mode 
selected and the speed of the 
WD791 01791 OlP. 

Bit 00 - BC 

This bit provides information about internal 
nodes and are for test purposes only. Its 
state is dependent upon the test mode 
selected and the speed of the 
WD791 01791 OlP. 
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12.0 DC ELECTRICAL SPECIFICATIONS 
12.1 MAXIMUM RATINGS 

Supply Voltage (Vcc) with respect to Vss (ground) 

Voltage on any pin with respect to Vss (ground) 

Operating Temperature 

Storage Temperature 

Power Dissipation 

NOTE 

DC ELECTRICAL SPECIFICATIONS 

· Vcc - Vss :5 7.0 Volts 

· Vss -0.3 Volts to Vdd +0.3 Volts 

· OOC (32°F) to 70°C (158°F) 

· -40°C (-40oF) to 125°C (257°F) 

.600 mW 

Maximum limits indicate where permanent device damage 
occurs. Continuous operation at these limits is not intended 
and should be limited to those conditions specified in the DC 
Operating Characteristics. 

12.2 DC OPERATING CHARACTERISTICS 

TA = OOC (32°F) to 70°C (158°F) 
Vcc = +5V ±.25V (5%) for WD791 0 and WD791 alP 

SYMBOL CHARACTERISTIC MIN 

ilL Input Leakage 
10Z Tristate And Open Drain 

Output Leakage 
VIH Input High Voltage 2.0 
VIL Input Low Voltage 
VIHC CPUCLK Input High 3.6 
VIL CPUCLK Input Low 
ICC Supply Current 

ICCSS Typical Supply Current, .5 
Power Down Mode For 
WD7910LP 

MAX UNIT CONDITIONS 

±10 J.lA Yin = .4 to Vcc 

±10 /!A Vout = .4 to Vee 

V 

.8 V 

V 

.6 V 

200 rnA Inputs at 2.0V 
150 rnA Inputs at 5.0V 

Outputs Open, 
CPUCLK = 32 MHz 

rnA Typical, 
CPUCLKOff, 
CLK14 = 32 KHz 

TABLE 12-1. DC OPERATING CHARACTERISTICS 
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FOR PINS WITH INTERNAL PULLUPS: 
MASTER, lOCK, IOCS16, MEMCS16, ZEROWS, IOCHRDY, RDYIN, PDREF 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

ilL Input Pullup Current -30 -110 IlA Not suspend and resume mode 

TABLE 12-1. DC OPERATING CHARACTERISTICS cont. 

MilO, -PE-A-C-K, -NP-E-R-R, ::-:-NP=S=-=-U=S"""Y, SO, S1, NPRST, CPURES, OPH, OPL 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

ilL Input Pullup Current -30 -110 IlA Not processor down or 
suspend mode 

TABLE 12-1. DC OPERATING CHARACTERISTICS cont. 

PMCIN, IOCHROY, ZEROWS, IOCS16, MEMCS16, MASTER, POREF, REFRESH, SHE, lOR, lOW, MEMR, 
MEMW 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

ilL Input Pullup Current -30 -110 IlA Not suspend mode 

TABLE 12-1. DC OPERATING CHARACTERISTICS cont. 

CASL3, CASL2, CASH3, SOT/R 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 
--

ilL Input Pullup Current -30 -110 IlA RESET IN = 0 

TABLE 12-1. DC OPERATING CHARACTERISTICS cont. 

FOR PINS WITH INTERNAL PULLDOWNS: 
A23-AO, 015-00 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

ilL Input Pulldown Current -30 -110 IlA Processor power down or 
suspend mode 

TABLE 12-1. DC OPERATING CHARACTERISTICS cont. 
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FOR OUTPUTS: 
DACK2-0, DACKEN....Q1S-DO, READY, CPURES, HOLD, INTRQ, A23-AQ... NMI,--DPH, DPL, RA10-RA.§., 
RA7/ED7-RAO/EDO, BHE, RAS3-RASO, CASL3-CSLO, CASH3-CASHO, W/R, DT/R, DEN1, DENO, SDT/R, 
SDEN, CSEN, LOMEG 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

VOH Output High Voltage Vee -.8 V lOUT = -100 J.lA 

VOH Output High Voltage 2.4 V IOUT=-2 rnA 

VOL Output Low Voltage .4 V IOUT=2 rnA 

TABLE 12-1. DC OPERATING CHARACTERISTICS cont. 

FOR OUTPUTS: 
MXCTL2-0 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

VOH Output High Voltage Vee -.8 V lOUT = -200 J.tA 
VOH Output High Voltage 2.4 V IOUT= -4 rnA 

VOL Output Low Voltage .4 V IOUT=4 rnA 

TABLE 12-1. DC OPERATING CHARACTERISTICS cont. 

FOR OUTPUTS: 
lOR, lOW, MEMR, MEMW, AEN, SYSCLK, BALE, LA20, SAO 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

VOH Output High Voltage 2.4 V IOUT= -3 rnA 

VOL Output Low Voltage .S V lOUT = 24 rnA 

TABLE 12-1. DC OPERATING CHARACTERISTICS cont, 

FOR OUTPUT: 
REFRESH 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

VOL Output Low Voltage .S V lOUT = 24 rnA 

TABLE 12-1. DC OPERATING CHARACTERISTICS cont. 
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13.0 AC OPERATING CHARACTERISTICS 
The AC Operating Characteristics are divided into 
three major categories: Memory Timing (Section 
13.1), AT Bus Timing (Section 13.2), Processor 
Timing (Section 13.3), and Cache Controller 
Timing (Section 13.4). 

Table 13-1 lists the timing tables and figures, and 
their section location. 

TABLE FIGURE TITLE SECTION 
NUMBER NUMBER 

13-3 80286 - Page Mode Memory Timing 13.1.1 
13-1 80286 - Page Mode First Access ReadlWrite 13.1.1 
t 
13-6 80286 - Page Mode Read Hit Followed By Write Hit 13.1.1 

13-4 80286 - Non-Page Mode 00 Memory Timing 13.1.2 
13-7 80286 - Non-Page Mode 00 1 Wait State Write 13.1.2 
13-8 80286 - Non-Page Mode 00 1 Wait State Read 13.1.2 
13-9 80286 - Non-Page Mode 00 2 Wait States Read After Write 13.1.2 

13-5 80286 - Non-Page Mode 01 Memory Timing 13.1.3 
13-10 80286 - Non-Page Mode 01 0 Wait State Write 13.1.3 
13-11 80286 - Non-Page Mode 01 0 Wait State Read 13.1.3 

13-6 80386SX - Page Mode Memory Timing 13.1.4 
13-12 80386SX - Page Mode, First Access ReadlWrite 13.1.4 
t 
13-17 80386SX - Page Mode, Write Miss Following A Write 13.1.4 

13-7 80386SX - Non-Page Mode 00 And Mode 01 13.1.5 
13-18 80386SX - Non-Page Mode 00 1 Wait State Read 13.1.5 
t 
13-21 80386SX - Non-Page Mode 00 1 Wait State Read 13.1.5 

13-8 CPU Initiated AT Bus Cycles 13.2.1 
13-22 AT Bus I/O Or Memory Read: 8-Bit, Default Timing 13.2.1 
t 
13-31 AT Bus I/O Or Memory Write: 16-Bit, Default Timing 13.2.1 

13-9 Entering The AT Bus 13.2.2 
13-32 80286 CPU - Asysnchronous CPUCLK To SYSCLK, 13.2.2 

BREQ Delay = 1/2 Clock 
t 
13-37 80386SX CPU - Synchronous CPUCLK To SYSCLK 13.2.2 

13-10 Exiting The AT Bus 13.2.3 
13-38 Synchronous AT Bus Cycle Completion, 13.2.3 

AT Bus Clock = 1/2 CPUCLK 
t 
13-41 Asynchronous AT Bus Cycle Completion, 13.2.3 

BAK_DEL = 0 Or +0.5 AT Bus Cycles 
13-11 DMA Entering And Exiting The AT Bus 13.2.4 

13-42 Basic DMA Cycle, Default Timing 13.2.4 
13-43 DMA Cycle, 8-Bit I/O To On-board Memory 13.2.4 
13-44 DMA Cycle, On-board Memory To 8-Bit 110 13.2.4 

13-12 AT Bus Master Cycle 13.2.5 
13-45 AT Bus Master, Bus Acquisition/Release 13.2.5 
13-46 AT Bus Master, Write To On-board Memory 13.2.5 
13-47 AT Bus Master, Read From On-board Memory 13.2.5 

13-13 AT Bus Refresh Cycle, Default Timing 13.2.5 
13-48 AT Bus Refresh Cycle, Default Timing 13.2.5 

TABLE 13-1. TIMING FIGUREITABLE NUMBERS 
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TABLE FIGURE TITLE SECTION 
NUMBER NUMBER 

13·14 80286 CPU TIMING 13.3 
13·49 80286· CPURES AND NPRST DURING POWER UP 13.3 
t 
13·54 80286 . MISCELLANEOUS TIMING 13.3 

13·15 80386SX CPU TIMING 13.3 
13·55 80386SX . CPU RES AND NPRST DURING POWER UP 13.3 
t 
13·62 80386SX . OUTPUT DELAY TIMING 13.3 

TABLE 13-1. TIMING FIGUREITABLE NUMBERS cont. 

SIGNAL LOAD SIGNAL LOAD SIGNAL LOAD 

CPU RES 50 pF NPRST 50 pF BHE 50 pF 
WlA. 50 pF ALE 50 pF DEN1, DENO 50pF 
SDEN 50 pF DTiA. 50 pF SDTiA. 50 pF 
MXCTL2·0 50 pF DACKEN 50 pF CSEN 50 pF 
LOMEG 50 pF SPKR 50 pF READY 50 pF 
HOLD 50 pF INTRQ 50 pF NMI 50 pF 
BUSYCPU 50 pF EPEREQ 50 pF A23· AO 60 pF 
CPUCLK 70 pF SYSCLK 75 pF CASH3·0 75 pF 
CASL3·0 75 pF D15· DO 100 pF DPH 100 pF 
DPL 100 pF RAS3· RASO 150 pF lOW 200 pF 
lOR 200 pF MEMW 200 pF MEMR 200 pF 
LA20 200 pF SAO 200 pF AEN 200 pF 
BALE 200 pF REFRESH 200 pF RA10· RAO 350 pF 

TABLE 13-2. SIGNAL LOADING 
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13.1 MEMORY TIMING 

Sections 13.1.1 through 13.1.5 present the 
memory timing for Page Mode and Non-Page 
Mode, for the 80286 and 80386SX processors. 

Categories are grouped as follows: 

80286 
Page Mode 
Non-Page Mode 00 
Non-Page Mode 01 

80386SX 
Page Mode 
Non-Page Mode 00 and 01 

13.1.1 80286 Page Mode Timing 

SYMBOL CHARACTERISTIC 

WD791 O/WD791 OLP 

Mnemonics used in the timing diagrams and 
tables are defined as: 

TC Command Cycle 
TW Wait State Cycle 
TS Status Cycle 
WNRDRAM - Write Not Read DRAM (WiR 

pin 119). 

MAX MAX 
12.5 MHz 20 MHz 

T220 Processor address to RAM address valid, Page Hit 32 30 
T221 CPUCLK fall to CAS fall, 2.5 CLK CAS 36 34 
T222 CPUCLK rise to CAS rise 29 27 
T223 CPUCLK rise to CAS fall, 2.0 CLK CAS 30 26 
T224 Processor data to parity valid 25 22 
T225 CPUCLK fall to RAM address valid, Page Miss 39 36 
T226 CPUCLK fall to WNRDRAM rise 34 31 
T227 CPUCLK rise to RAS fall, first access 28 26 
T228 CPUCLK fall to column address valid 44 41 
T229 CPUCLK fall to WNRDRAM fall 34 31 

-
T232 CPUCLK fall to RAS rise, Page Miss 29 27 
T233 CPUCLK rise to RAS fall, Page Miss 28 26 
T234 CPUCLK rise to READY rise 24 22 
T235 CPUCLK rise to READY fall 24 22 

TABLE 13-3. 80286 - PAGE MODE MEMORY TIMING 
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. TS . 

CPUCLK(2~ 
TC TW 

I I I I I I 
A2~-AO, -:x VALID I X I I I MilO I I 

T225~ LL I T22W LL I I I I 
RA10-RA8, j( DR~M ROW ~ pRAM: C~L: RAD7-RADO 

I Tk27~ L I I I I I 

RASm 
I I ' 

I 
I I I I I 

I I I I I I I 
I I Tk2~ I I I 

LT222 ~ --I I I 

CASLm I 

I I 
I r CASHm I I I I 

T226 ---1 i- I T22~ ~ 
WNRDRAM I; 

I I 
I I I 

I I I 
READY 

I I I 
I I (WRITE CYCLE) I 

I 
READY J 
(READ CYCLE) I 

FIGURE 13-1. 80286 - PAGE MODE FIRST ACCESS READIWRITE 
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A23-AO, 

: 
X : VALID MilO 

I I 
RA10-RA8, 

I T220~ I I+- I I I I 

< . INVALID X I Cal I I RAD7-RADO 
I I I I LI I 

LT222 I I T2123--1 --I 
CASlm ' I 

CASHm I I I 1 I 
I I I I 

READY, 
~ II II I 

WRITE HIT 
I I I 

READY, -i :1 :1 READ HIT 

FIGURE 13-2. 80286 - PAGE MODE READ CYCLE AND PAGE HIT 

WRITE READ 

CPUCLK (2X) 

A2~AO, 

: 
X: ~ALlD: (Rf) X MilO 

T228 -- W--
RA10-RA8, 

: ~O~ (WR)~: COL (RD): RAD7-RADO 

T22~ ~ ~ I.-- T222 
CASLm 

I I I I I CASHm 
I T22W 0-

WNRDRAM I II 
T23~ I.-- I I.-- T235 I.-- T234 ~ ~ 

READY I 
FIGURE 13-3. 80286 - PAGE MODE READ AFTER WRITE 
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CPUCLK (2X) 

A2-.a-AO, V 
MilO y., 

RA10-RA8, 
RAD7-RADO 

AC OPERATING CHARACTERISTICS 

VAtID: X~:_INVALI-t--~ --+-+-:: -+--: -t------: 

T2,25 4 ~ :T228 4 I- 1 I 1 

1 )( 1 DRAM ROW Xr-~'--=I C:-=OL~I--'I--

RJ'\Sm 
T232~ I- : T23~ I- :: : 

------'I 1 L-I __ -+---+-1 ---+--1 -1--1 _ 

CASl.m 
CASHm 

WNRDRAM 

READY 
(WRITE CYCLE) 

READY 
(READ CYCLE) 

8-122 

1 T22s.-J ~ U I- T222 

: I : r--
T22B-; I- T229 _I I+-

r--I --_I 
----~ ~------

J 
J 

FIGURE 13-4. 80286 - PAGE MODE, PAGE MISS READ/WRITE 
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A2';i-AO, -:x V~LlD : X INV!LlD 
: : MilO 

T225 --l ~ I T228--l ~ I I 
RA10-RA8, -:rm DRAM ROW X I COL I RAD7-RADO 

I 
~ 

I I 
T232--1 ~ T233 --I I I 

~m 
I I I I 

I I I 
~T222 T223~ r- r CASLm 

I r CASHm I 
T229 --l I-

WNRDRAM I 
READY 

FIGURE 13-5. 80286 - PAGE MODE, WRITE MISS AFTER WRITE 
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CPUCLK 

A2.a-AO, 
MIlO 

" ..... -- READ --...... -- WRITE -----t'o 
I I I 

1 

1 ~ 
1 1 

: 
1 

-:x VA~I~ : xIx_V_A-,-~I_D_--, 
T220~ U 1 1 1 

=x : D~AM :COL: X,--+-: -----+--_ 
RA10-RAS, 
RAD7-RADO 

CASLm 
CASHm 

D15-DO 

DPH,DPL 

READY 

8-124 

COL 

T221 ~ I+- T~22 ~ L T221----J I-

1 

I: : 1--1 -;-----1 

1 1 

1 1 

1 1 

1,------
.. .. .. ~ PROCESSOR DATA 

T224~ L 

1 

~ 

1 1 

1 -I i-r235 

1 1-' -----

~ PARITY TO DRAM 

T234---J r- 1 

_-.In'--------'nL--_ 
FIGURE 13·6. 80286· PAGE MODE READ HIT AND WRITE HIT 

ADVANCED INFORMATION 11/25/91 
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13.1.2 80286 Non-Page Mode 00 Timing 

SYMBOL CHARACTERISTIC MAX MAX 
12.5 MHz 20 MHz 

T234 See Table 13-3 
T235 See Table 13-3 

-
T252 CPUCLK fall to CAS rise 33 30 

-
T255 CPUCLK fall to RAS fall 35 32 

T270 CPUCLK fall to ROW address 46 42 
T271 CPUCLK fall to CAS fall 37 34 

T273 CPUCLK fall to WNRDRAM fall 33 31 
T274 CPUCLK fall to WNRDRAM rise 33 31 
T275 Data holding tristate. CD 12 12 
T276 Clock fall to parity valid 30 27 
T277 CPUCLK fall to RAS rise 30 28 
T278 CPUCLK fall to COLUMN address valid 41 38 
T279 Processor address to ROW address 32 30 

CD Tristate times are not tested. Timing specifications are derived from simulation. 

TABLE 13-4. 80286 - NON-PAGE MODE 00 MEMORY TIMING 
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CPUCLK 

A23-AO, 
MIlO 

READY 

ALE 

D15-DO 

., 

I I I I ~..-----r-l-I __ _ 

VAjUi: r IfVfU,o 

I I I I i I I : 
. I I' I I I 1 

T234H ~ I +-I LL T235 

I II I :' fr-
--+-------+-1---' I I I '-+-1---

--+-------In : : I 

HH< ! ! ! :1 

DPH, DPLHIH~76W VlUD I I 

I I I I I I 
T270-- L T278---->j L ~ LT270 

j(, I ,I Uf----tl--
RA10-RA8, DRAM ROWX C9L r\ ROW 
RAD7 -RADO 'I·· . 

T274-- L I T~73--J L 
WNRDRAM _-'--I: I : i I L 

8-126 

T255~ L T277~ LI 
I : 1--1 -+-:--

T271---.1 L ~ LT252 

1 I 
FIGURE 13-7. 80286 - NON-PAGE MODE 00, 1 WAIT STATE WRITE 

(4072H = 0001) 
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CPUClK 

A23-AO, 
MilO 

READY 

ALE 

D15-DO 

DPH,DPl 

RA10-RA8, 
RAD7-RADO 

WNRDRAM 

CAS 

T C T W 

Jl 
X 'VALID' X INVAl'ID 1 1 

-( \'----11--1-1 -ll----<I 1 1 1 1 
1 1 1 I 1 1 1 1 1 
1 I I 1 I I 1 1 
I T234 H 4- IT235 H 4- I 

r---: --+-: ----.JI: : : 1 : : 

~:----~~~~:--~:~:--~: 
I I 1 1 I I -J L T275 

... 1 1 1 .... ~ D~AM: ~ ..... 
I I I I NOTE 1 

1 i:t D7AM )q 
T279 ~ L T278 ~ ~: --I L ~270 

-:J ROt X ; COL I X ROW 

1 1 1 1 
1 1 1 I 

T255 -1 L T277 -1 L 1 

1 i f---I 1'----

T271 ~ L ~ LT252 

,----I -----,I 
NOTE 1: Data held by WD791 OIWD791 OlP 

FIGURE 13-8. 80286 - NON-PAGE MODE 00,1 WAIT STATE READ 
(4072H = 0001) 
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CPUClK 

A23-AO, 
MilO 

READY 

ALE 

D15-DO 

DPH,DPl 

RA10-RA8, 
RAD7-RADO 

T S T W 

~ INVALID 'X 'VALID X INVALID I 
( \ I I I I I I I 

I I I I I I I I 
I I I I I I I 
I IT234~ ~ IT235~ 4-

-------,11 I I II I I II 
1 1 1 1 1 '-rl-"-
1 nl III 

----~I-r-- 1 I 1 
------t-I--"I-~I 1 I 1 ! ~ L T275 

DRIVEN BY P~OCE9S0R > 1 K DRAM I ~ ..... 
------1-1 _+-1 -j 1 I I 1 NOTE 1 

VALID I 1 ··r·{ D~AM ~ 
T279 -I L 1 T278 ~ L I -.l L 1-270 

<---CO-----,l IT>C : ROf X : CO< X : ROW 

T273-.1 L 1 1 
WNRDRAM --------11 I 1 1 1 

I I 1 I 
T255 --j L T277 --j L I 

I il I---'--I -
T271 ~ L ~ L T252 

CAS 
,-------I ----->r 

NOTE 1: Data held by WD791 0IWD791 OlP 

FIGURE 13·9. 80286· NON·PAGE MODE MODE 00, 2 WAIT STATES READ AFTER WRITE 
(4072H = 0001) 
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13.1.3 80286 Non-Page Mode 01 Timing 

SYMBOL CHARACTERISTIC MAX MAX 
12.5 MHz 20 MHz 

T224 See Table 13-3 

T234 See Table 13-3 
T235 See Table 13-3 

T252 See Table 13-4 
T253 CPUCLK fall to WNRDRAM fall 34 31 
T254 CPUCLK fall to WNRDRAM rise 34 31 
T255 See Table 13-4 

-
T257 CPUCLK rise to RAS rise 35 32 
T258 CPUCLK rise to COLUMN address valid 44 40 

T276 See Table 13-4 

TABLE 13-5. 80286 - NON-PAGE MODE 01 MEMORY TIMING 
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CPUCLK 

A23-AO, 
MilO 

so 

READY 

ALE 

015-00 

T C 

=x VA~ID: X I~VAUD 
I I I I I 
I I I I I 
I T234U I_I I I 
I I j II I I I 
I I . I I 
I I ----.J r- T235 

: :LI~:--~:-+---
I T224 ---1 I r- I I 

·I····CX I: I I 
I I I I 
I T276 I I r- I I 

OPH,OPL j ex I VAUq 

IL I II I I L 
T250 --'\) T258 I~ ,- I r T250 

RA 1 0-RA8, ---..A ROW I X 90L I X ROW 
RA07-RAOO I I I I 

T254 I L
j 

I T253 II !-
WNRORAM I I I I ,--I __ 

CAS 

8-130 

T255 ~ 1- I ~ LL T257 
I I I I 

-----\ I H-II ----

T251 ~ L -J r- T252 
I I I 

FIGURE 13-10. 80286 - NON-PAGE MODE 01, 0 WAIT STATE WRITE 
(4072H = 3560H) 
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CPUCLK 

A23-AO, 
MilO 

READY 

ALE 

015-00 

OPH,OPL 

=>< __ V--lA~_I0-t-: _--j----iX I~VALIO 
I I I I II I 
I I I . I 
I T234 I---J 1_ I I I 
I I I I II I I I 
I I I I I 
I I I --j I-T235 

I I II I II I I 
I I I 

.: ................... ~:!< : :) 
.:. . .... :.: .:< : :). 

I I I I I I 
IL 1 ILl IlL 

T250 ~) T258 I~ 1-1 _+-1 _--+1----"1 I T250 

RA 1 0-RA8, -.-A ROW I X COL I X ROW 
RA07 -RAOO I I I I 

WNRORAM 
I I I I 
I I I I 
I 1 I ~I 1 IT257 T255 -----+1 '- - - ~ ~ 

---------\ : I : 

IL~ 
-', I ' T251 r-- T252 

I 
FIGURE 13·11. 80286· NON·PAGE MODE 01, 0 WAIT STATE READ 

(4072H = 3560H) 
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13.1.4 80386SX Page Mode liming 

SYMBOL 

T200 
T201 
T202 
T203 
T204 
T205 
T206 
T207 
T208 
T209 

T212 
T213 
T214 
T215 

8-132 

CHARACTERISTIC 

Processor ADDRESS to RAM address valid, Page Hit 
CPUCLK rise to CAS fall, 2.5 CLK CAS 
CPUCLK fall to CAS rise 
CPUCLK fall to CAS fall, 2.0 elK CAS 
Processor data to parity valid 
CPUCLK rise to RAM address valid, Page Miss 
CPUCLK rise to WNRDRAM rise 
CPUCLK fall to RAS fall, first access 
CPUCLK rise to COLUMN address valid 
CPUCLK rise to WNRDRAM fall 

CPUCLK rise to RAS rise, Page Miss 
CPUCLK fall to RAS fall, Page Miss 
CPUCLK rise to READY fall 
CPUCLK rise to READY rise 

MAX MAX 
12.5 MHz 20 MHz 

34 
31 
24 
27 
25 
48 
31 
27 
49 
31 

27 
27 
19 
19 

TABLE 13·6. 80386SX· PAGE MODE MEMORY TIMING 

ADVANCED INFORMATION 11125/91 

MAX 
25 MHz 

27 
25 
21 
22 
20 
43 
28 
21 
33 
28 

24 
24 
18 
18 
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CPUCLK (2X) 

A2~AO, 
MilO 

RA10-RA8, 
RAD7-RADO 

RASm 

CASLm 
CASHm 

WNRDRAM 

I I , , 
~ VAL,ID X ,INVALID, I 
T205~ L 'T208--' L I , 

)( DR~M ROW: X : : COL: : 

'T207~ L , , 
, I , , 

, I, , 
, "" , LT202 I ,T203 -----., I r 

T20SJ L : T2lJ ~ 
I : I I 

------~ I ~-------

READY _. I I 
(WRITE CYCL~ '-____ -+_ 

READY J 
(READ CYCLE) 

FIGURE 13-12. 80386SX - PAGE MODE, FIRST ACCESS READIWRITE 
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CPUCLK (2X) 

VA~ID :X : : INVALID: : : : : 
A23-AO, -:x MilO 

T205 -.I W IT208 -.I L 
RA10-RA8, I Y : DRAr ROW : X : 

: COL: : RAD7-RADO I 
T212 --I L T213 --I L I I 

RASm I I I I I 
I I I I I 
I IT203 ----I r-~ LT202 

CASLm I I 
I 

I r CASHm 
T206 ~ I I L ~ 

I T209 ~ 

I 
I 

I WNRDRAM I I 

READY 
I I 

J I I (WRITE CYCLE) 

I 
READY J I (READ CYCLE) 

FIGURE 13·13. 80386SX· PAGE MODE, PAGE MISS READIWRITE 

8-134 ADVANCED INFORMATION 11/25/91 



AC OPERATING CHARACTERISTICS WD791 OIWD791 OLP 

A23-AO, 
MilO 

RA10-RAS, 
RAD7-RADO 

CASLm 
CASHm 

READY, 
WRITE HIT 

READY, 
READ HIT 

: X : VALID INVALID 
-----I---JT220 ~ L I. I 

< ~ INVALID XI---' ---t--C-O-t-~---t-: - : 

I I T2ks __ I ~I __ I ~T222 

: : : I 'I: I 

-h II II II II I . . 
I I I 
~ II~------~II~ __ _ 

FIGURE 13-14. 80386SX - PAGE MODE, RAD CYCLE FOLLOWED BY A PAGE HIT 

CPUCLK (2X) 

A2~-AO, 
MilO 

RA10-RA8, 
RAD7-RADO 

CASLm 
CASHm 

WNRDRAM 

READY 

WRITE READ 

_---+---'X: yALI~ (Ro) X~ __ 
T2281 t: : 

qo~ (WRt>( ; COL (RD) 

L U ~T222 I T22~ 
I 

I I :: I "-----+: _---' 
I T229-.1 ~ I 
I II I 

T23W ~ ~T235 ~ ~T234 
I 

FIGURE 13-15. 80386SX - PAGE MODE, READ AFTER WRITE 
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CPUCLK 

A23-AO, 
MilO 

RA10-RA8, 
RAD7-RADO 

CASLm 
CASHm 

D15-DO 

DPH, DPL 

1+-1' -- READ 

T200=J diD 

T214 ->I 

---+1<'1'--- WRITE 

VALID 2 X 
~--t---

COL 

T201 ---+J I-- I-- T202 

I 
....... T~04j PR:ESSOR DATA 

. ~ 7 X PARITY TO DRAM 

L --j I-- T215 

I I 

FIGURE 13-16. 80386SX - PAGE MODE, READ HIT FOLLOWED BY A WRITE HIT 

CPUCLK (2X) 

A23-AO, 
: INVALID : MilO 

I--T208 _ 

RA1O-RAB, 
DRAr ROW : X COL: RAD7-RADO 

T212 ---I I T213 ---I I-- I 
RASm I I I I 

I I T203 -J I~ I-- T202 
CASLm 

I I I I I CASHm 
T206 --J L I T2~ r-

WNRDRAM I I 
I 

I I 
READY J I 

FIGURE 13-17. 80386SX - PAGE MODE, WRITE MISS CYCLE FOLLOWING A WRITE CYCLE 
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13.1.5 80386SX Non-Page Mode 00 And 
Mode 01 Timing 

SYMBOL CHARACTERISTIC 

T204 See Table 13-6 

T214 See Table 13-6 
T215 See Table 13-6 

T240 CPUCLK rise to ROW address valid 
T241 CPUCLK fall to CAS fall 
T242 CPUCLK rise to CAS rise 
T243 CPUCLK rise to WNRDRAM fall 
T244 CPUCLK rise to WNRDRAM rise 
T245 CPUCLK rise to RAS fall 
T246 CPUCLK rise to RAS rise 
T247 CPUCLK fall to RAS rise 
T248 CPUCLK fall to COLUMN address valid 
T249 CPUCLK rise to CAS fall 

T260 CPUCLK rise to COLUMN address 

WD7910IWD7910LP 

MAX MAX MAX 
12.5 MHz 20 MHz 25 MHz 

42 42 
27 27 
28 24 
28 28 
28 28 
25 23 
25 23 
29 29 
44 44 
29 29 

43 41 

TABLE 13-7. 80386SX - NON-PAGE MODE 00 & 01 MEMORY TIMING 

ADVANCED INFORMATION 11125/91 8-137 



WD791 OlWD791 OLP AC OPERATING CHARACTERISTICS 

CPUClK hJ-Lhn 
ClK 

~ A23-AO, 
M/iO 

AOS# 
I : 

I I I I I 
I I 

I I I I I 
T21~ ~I I I =1 ~F14 I :1 READY 

I I I I I I I I I 

-n I I I I n I I ALE 
I I I I I I 

I I I I I I I 
015-00 crx I I I I 'I:I:I > I 

T204---J W- I I I I I I 
OPH,DPl ex tALlO ; : :'I:I:I VALID 

: > 
I 

I I 
T2,60--/ ~ I -1 ~T240 I 

RA10-RA8, ROW X C9l X I ROW X Cal X IRO\'l.j RA07-RAOO 
I I I I 

WNRDRAM I I I I 

RAS 

CAS 

8-138 

I I I I 1-
T245~ ~ T2146~ ~I 

I I I I 
T249-J ~ -J ~T242 

FIGURE 13-18. 80386SX - NON-PAGE MODE 00, 1 WAIT STATE READ (PIPELINE) 
(4072H = 0001) 
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CPUClK 

ClK 

~ A23-AO, 
M/iO 

I : 
I I I I I ADS# 

I I I 
T215 I 1.--1 I ---, I.-- J214 I 

READY I I I I I I I I I 

-H I I I H I 
ALE I I I I 

I I I I I I I 
D15-DO ..... CZD< I I I >CZLX I ) 

T204~ ~ I I I I I I 
DPH,DPl ...... 0<: VALID 

: :KR VALID 
: ) I I 

T~60 --I 1.--1 -l I.-- T240 I. I 
RA10-RAS, ROW I X COL X ROW I X COL X ROW 
RAD7-RADO 

T244 .11.-- I T243 -II- I I 
WNRDRAM II I I I U IL 

I I I I I 
T245 ---+i I.-- T2

1
46 ---+i I.-- I 

RAS I I I I 
T249 ---..I I.-- ---..I I.-- T242 

CAS I 
FIGURE 13-19. 80386SX - NON-PAGE MODE 00,1 WAIT STATE WRITE (PIPELINE) 

(4072H = 0001) 
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CPUClK 

ClK 

A23-AO, 
MilO 

ADS# 

READY 

ALE 

D15-DO 

DPH,DPl 

T 2P 

I I 

<\----1 __ VA+-! l_1 D--+----'----'~'--I_---'~_Al-+-:I D __ ----'X INVALI D 

I I I I I 
I 1111111--1---

T2115 L I I 4-1 I 
I --, I I H I T21,4 I 
I I 1--. -'--I ~I ----I I I I I 
I I I I I I I 

: n: : : n'-----
I I I I I I 

·····1······( I I I X,------
I I I I I I 

: .j( : ~VALlD~ : X,--_VA_Ll_D __ 

T240 --I L T248 W L I Y L T240 

=~b~--~~~O <,--I __ RO_W+-l --,X : Cal: X ROW X 
I I I 

Cal )( 

WNRDRAM I I I I 
: I I I 

RAS 

CAS 

8-140 

T245 -; L I ---1 ~ T247 

I I rI I I I L--__ --' 

T241----1 L ~ L T242 

I I 
FIGURE 13·20. 80386SX· NON·PAGE MODE 01, 0 WAIT STATE READ (PIPELINE) 

(4072H = 3560H) 
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CPUClK 

ClK 

A23-AO, 
MilO 

ADS# 

READY 

ALE 

015-00 

< V~LlD:: V~ALI;D 

I I I I: : : I 

T2h 1 L I I 1.1 T2~ 4 I 
I II I rl~ I I 
I I I I II I I I 
I I I I I I I 

X INVALID 

: ~: : 11"-------
······rrx :: : tp~-

I;;;~ ~I I I I 

DPH,DPl I ... ·0 : VA~ID I ~ __ V_A_Ll_D ___ --,) 

T240~ ~ I T248~ ~ I P ~- T240 

=~6~--~~~0 < ROW XI COL ~ ROW X 
T244 -: ~ : rl L T243 

WNRDRAM I r I I I U,-----------. 
RAS 

CAS 

I L I ILL T245 _ I ---->' T247 

I I I: 
T241~ L-J LT242 

I 

FIGURE 13-21. 80386SX - NON-PAGE MODE 01, 0 WAIT STATE READ (PIPELINE) 
(4072H = 3560H) 

ADVANCED INFORMATION 11125/91 8-141 



WD791 O/WD791 OLP 

13.2 AT BUS TIMING 

The AT Bus timing is divided into six major 
categories: 

1. CPU initiated AT Bus cycles. 
2. Entering the AT Bus. 
3. Exiting the AT Bus. 
4. DMA cycles. 

13.2.1 CPU Initiated AT Bus Cycles 

SYMBOL CHARACTERISTIC MIN 

TOO SYSCLK Cycle Time 100 

T01 SYSCLK fall to BALE rise 

T02 SYSCLK rise to BALE fall 

T03 SYSCLK fall to MEMR fall 
--

T04 SYSCLK rise to MEMR rise 

T05 SYSCLK fall to lOR fall 
-

T06 SYSCLK rise to lOR rise 
--

T07 SYSCLK rise to DENO fall 
--

T08 SYSCLK rise to DENO rise 

T09 SYSCLK rise to DEN1 fall 
--

T10 SYSCLK rise to DEN1 rise 

T11 SYSCLK fall to DTR fall 

T12 SYSCLK rise to DTR rise 

--
T13 SYSCLK fall to SDEN fall 

--
T14 SYSCLK rise to SDEN rise 

T15 SYSCLK fall to SDTR rise 

T16 SYSCLK rise to SDTR fall 

T17 MEMCS16 setup time to 25 
SYSCLK rise 

T18 MEMCS16 hold time from 0 
SYSCLK rise 
--

T19 IOCS16 setup time to 23 
SYSCLKfail 
--

T20 IOCS16 hold time from 0 
SYSCLKfail 

AC OPERATING CHARACTERISTICS 

5. AT Bus Master cycles. 
6. AT Bus refresh cycle 

Some figures in this section are included only to 
show the sequence of the signals during certain 
operations. In these figures, no timing parameters 
are provided. 

MAX UNITS TEST 
CONDITIONS 

ns 

12 ns 

9 ns 

9 ns 8-bit cycle 

6 ns 

10 ns 

7 ns 

7 ns Read Cycle 

11 ns Read Cycle 

7 ns Read Cycle 

9 ns Read Cycle 

19 ns Delay is number given plus 
(TOO x 0.25) 

14 ns Delay is number given plus 
(TOO x 0.25) 

10 ns 

8 ns 

14 ns Delay is number given plus 
(TOO x 0.25) 

11 ns Delay is number given plus 
(TOO x 0.25) 

ns 

ns 

ns 

ns 8-bit cycle 

TABLE 13-8. CPU INITIATED AT BUS CYCLES 
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SYMBOL CHARACTERISTIC MIN MAX UNITS TEST 
CONDITIONS 

T21 IOCHRDY setup time to 22 ns 
SYSCLK rise 

T22 IOCHRDY hold time from 0 ns 
SYSCLK rise 

T23 ZEROWS setup time to 24 ns 
SYSCLKfall 

T24 ZEROWS hold time from 0 ns 
SYSCLKfall 

T25 AT Bus data setup time to 22 ns Total setup time is number given 
SYSCLK rise plus delay through AT Bus data 

buffers. 

T26 AT Bus data hold time from 0 ns 
SYSCLK rise 

--
T27 SYSCLK fall to MEMW fall 9 ns 

--
T28 SYSCLK rise to MEMW rise 5 ns 

T29 SYSCLK fall to lOW fall 10 ns 
-

T30 SYSCLK rise to lOW rise 8 ns 

T31 SYSCLK fall to DENO fall 10 ns Write cycle 
--

T32 SYSCLK fall to DENO rise 9 ns Write cycle 

T33 SYSCLK fall to DEN1 fall 10 ns Write cycle 
--

T34 SYSCLK fall to DEN1 rise 9 ns Write cycle 
--

T35 SYSCLK fall to SDEN rise 11 ns 

T36 SYSCLK fall to SAO rise 16 ns Word to byte conversion cycle 
--

T37 SYSCLK rise to MEMR fall 6 ns 16-bit cycle 
---

T38 IOCS16 hold time from 0 ns 16-bit cycle 
SYSCLK rise 

T39 SYSCLK high time -4 0 ns (TOO + 2) plus number given 

TABLE 13-8. CPU INITIATED BUS CYCLES cont. 
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AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

BALE 

MEMR, 

OENO, 

OTR 

SO EN 
NOTE 1 

SOTR 

MEMCS16 
NOTE 2 

IOCS16 
NOTE 3 

10CHROY 

ZEROWS 

SOD - S07 

Ts Tc Tw I Tw I Tw I Tw I Ti Ti 

S08 - S015 -------•••••••••• It=:~~~------
NOTE 4 

LA17-LA2311[============~~~============~====1I1I1I1I1I1I 
NOTE 5 

SAO - SA19 
NOTE 5 

NOTE 1: SOEN is asserted only when SAO is high. 

NOTE 2: MEMCS16 is sampled only during memory cycles. 

NOTE 3: IOCS16 is sampled only during I/O cycles. 

NOTE 4: S08 - 15 are driven by the data swapper only when SAO is high (SOEN asserted). 

NOTE 5: Timing for LA 17 - 23 and SAO - 19 is dependent on register settings and may be 

asynchronous. Minimum valid windows are shown for reference. 

FIGURE 13-22. AT BUS I/O OR MEMORY READ: B-BIT, DEFAULT TIMING 
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AT BUS Ts 

CLOCK 
INTERNAL 

SYSCLK 

BALE 

MEMR, lOR 

Tc Tw Tw 

I 
I 

I I I I 

Ti Ti 

OENO, OEN1 
I I I : 

----~-hi ~I ~I ____ ~ ____ +-~I rl ----------

OTR II I I 
----1---1-1 -1-;1 • I .r--------

I I 1<--: --l-----+--+--'I I SOEN 
NOTE 1 

SOTR 

MEMCS16 
NOTE 2 

IOCS16 
NOTE 3 

10CHROY 
NOTE 6 

ZEROWS 

SOO-S07 

S08-S015 
NOTE 4 

LA17 - LA23 
NOTE 5 

SAO - SA19 
NOTE 5 

I I 

I I 

NOTE 1: SOEN is asserted only when SAO is high. 

NOTE 2: MEMCS16 is sampled only during memory cycles. 

NOTE 3: IOCS16 is sampled only during I/O cycles. 

I . 

NOTE 4: S08 -15 are driven by the data swapper only when SAO is high (SOEN asserted). 

NOTE 5: Timing for LA17 - 23 and SAO -19 is dependent on register settings and may be 
asynchronous. Minimum valid windows are shown for reference. 

NOTE 6: lOCH ROY overrides ZEROWS only during the first cycle of a word to byte conversion. 

FIGURE 13-23. AT BUS I/O OR MEMORY READ: a-BIT, ZEROWS ASSERTED 
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AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

BALE 

MEMR, lOR 

Th I Th I ~ I ~ I ~ I ~ I ~ I n 

I I 
I I 
II II 
I~: --~----------T-~~--~I: 

-DE-NO, -OE-N1----~~~I~: ____ ~ ____________ ~~~ ____ ~1 rl ----

OTR 

SOEN 
NOTE 1 

SOTR 

MEMCS16 
NOTE 2 

IOCS16 
NOTE 3 

10CHROY 

ZEROWS 

SOO-S07 

LA17 - LA23 
NOTE S 

I I : 
~~I,--~--------~~+---+I~: r--

----~~~I~I __ ~--------~~~----~II 
I : I : 
I I:L 

SAO-SA19 li><1 VALID I! jIll 
NOTES ~~------------------------------------------~=== 

NOTE 1: SOEN is asserted only when SAO is high. 

NOTE 2: MEMCS16 is sampled only during memory cycles. 

NOTE 3: IOCS16 is sampled only during I/O cycles. 
NOTE 4: S08 - 15 are driven by data swapper only when SAO is high (SOEN asserted). 
NOTE 5: Timing for LA 17 - 23 and SAO - 19 is dependent on register settings and may be 

asynchronous. Minimum valid windows are shown for reference. 

FIGURE 13-24. AT BUS I/O OR MEMORY READ: 8-BIT, EXTRA WAIT STATE ADDED 
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AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

BALE 

MEMW, lOW 

DENO, DEN1 

DTR 

SDEl\! 

SDTR 

MEMCS16 
NOTE 1 

IOCS16 
NOTE 2 

IOCHRDY 

ZEROWS 

HI 

HI 

T5 Tc Tw I Tw I Tw I Tw I Ti Ti 

I 
I I 

I I 
I I 
I I 

SDO - SD7 
NOTE 3 

------j=lcLl ______ DA_T_A_FR_O_M_B_U_F_F_ER ____ ~----

SD8 - SD15 ------{=liCLI ______ D_R_IV_E_N_B_Y_B_U_F_F_E_R ____ ~----

LA17-LA23m;C=============~~~============~1I1I1I1I1I1I1I1II NOTE 4 l1: 

SAO - SA19 
NOTE 4 

NOTE 1: MEMCS16 is sampled only during memory cycles. 

NOTE 2: IOCS16 is sampled only during 110 cycles. 

NOTE 3: The small period of unknown data on SDO - 7 when DENO is asserted is dependent on register 
settings and may be asynchronous. Minimum valid time is shown for reference. 

NOTE 4: Timing for LA17 - 23 and SAO - 19 is dependent on register settings and may be asynchronous. 
Minimum valid windows are shown for reference. 

FIGURE 13-25. AT BUS I/O OR MEMORY WRITE: B-BIT, EVEN BYTE, DEFAULT TIMING 
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AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

BALE 

MEMW, lOW 

DEN1 

Ts Tc Tw , Tw I Tw I Tw I Ti 

I I 

~I~-+--~--------r-+------rll , 

Ti 

--- HI----~~~,----~----------~--~-------T'7:--------
DTR, DENO +, r- T35 

SOEN 'I I , .~--r---------r-1-------~ 

SDTR LO 
, 

MEMCS16 
NOTE 1 

IOCS16 
NOTE 2 

IOCHRDY 

ZEROWS 

SOO-SO? DATA FROM SWAPPER 

SD8 - SD15 
NOTE 3 

------1=ICLI ___________ D_A_T_A_F_R_O_M __ B_UF_F_E_R ______ -----'f--------

LA1?-LA23R1C=============~~~============~1I1I1I1I1I1I1I1II NOTE 4 l2 

SAO - SA19 
NOTE 4 

NOTE 1: MEMCS16 is sampled only during memory cycles. 

NOTE 2: IOCS16 is sampled only during I/O cycles. 

NOTE 3: The small period of unknown data on SDB - 15 when DEN1 is asserted is dependent on register 
settings and may be asynchronous. Minimum valid time is shown for reference. 

NOTE 4: Timing for LA 17 - 23 and SAO - 19 is dependent on register settings and may be asynchronous. 
Minimum valid windows are shown for reference. 

FIGURE 13-26. AT BUS I/O OR MEMORY WRITE: 8-BIT, ODD BYTE, DEFAULT TIMING 
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AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

BALE 
I I I I I 
I I I I I ~~I~--~~~~--~~-

MEMR, lOR I II I I I I'------l----_----+----'----I-I I II Ii 
DEN1 

DENO 

I I I I I Ii 

: : : I 
I I 
I: I: 

: : :'--r-7--1 -,-r-+-------rc---~________,____,-------r' 
I I '--1--:-: -j---+--+------'--' 

SDEN 

DTR 
NOTE 3 

SAO 
NOTE 4 

MEMCS16 
NOTE 1 

IOCS16 
NOTE 2 

IOCHRDY 

ZEROWS 

I II 
I I 
I 
I 

SDO - SD? -----l~={=>=(=t/={=nlL_.J~O;;~DlJ~fpCD~_"'I:~ltl!,tt.J_1 ---11</ .... .. "'1 ~~~~p~:~,tt 
SD8 - SD15 ----------------l!i····· ··/.//.i>1 ~~~t:r:?M 

Ii 
1'1 
I· 

'0 

LA1? - LA231rl VALID 1< 
NOTE 4 ~----------------------~~~ 

~tr~~SA19 ~k~)IL_ ___________ VA_L_I_D __________ _=1 

NOTE 1: MEMCS16 is sampled only during memory cycles. 

NOTE 2: IOCS16 is sampled only during I/O cycles. 

NOTE 3: SDTR is the inversion of DTR during CPU transfer cycles. 

NOTE 4: Timing for LA 17 - 23 and SAO - 19 is dependent on register settings and may be asynchronous. 
Minimum valid windows are shown for reference. 

FIGURE 13-27. AT BUS 1/0 OR MEMORY READ: B-BIT, WORD TO BYTE CONVERSION, 
DEFAULT TIMING 
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AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

BALE 
I ril I I I I I I I I 

~Ul I II I I I II 
MEMW, lOW I I II I II II II I I I If 

I I I I I I I -n I I I I I I I II 
---n I I I: II I: I II 

I I I I I I I 
DENO 

I I I I I I II I I II 

SAO HIli!::: I I III : I I ~ 
~~~:16 :~:f;\ 31; It!ia%4!f,;~~1~j ~;%l\ij~ : fjf4 i~iif ~iW';~l~l!iilj~r:ji!ii/ . 

SDEN 
NOTE 5 

=H~DY ~ lfj%;\!ifffiii =:::~j1t:~::!: 1 
II :::!~:11E;::;::~ 

ZEROWS 1 •• • •• • ••• ··.i.i·i· •• · •••• ··•··· ••• ·1 I II ••••• · •• ·· · •• • •• ·t····.·· ...... ·.··· .... ····.··· ...... ··.·.···· ..... ··· .. 1 I i.·· ••• ••·•·•· •• · •• ··•· •• ······•••·•···•········•··•·· ...•................. 

~g~ 3 SD7 ---11 DATA FROM BUFFER~ DATA FROM SWAPPER 

SD8-SD15~=;I _________________ DA_T_A __ F_RO_M __ B_U_F_F_ER ________ ~ 

~~14- LA231"'--1 ____________________ V_A_L_ID _______________ -'-I=i=\=i'==.····.·· 

SA1 _ SA19 ~/I VALID I 
NOTE 4 = ... ~------------------------------------------~ 

NOTE 1: MEMCS16 is sampled only during memory cycles. 

NOTE 2: IOCS16 is sampled only during I/O cycles. 

NOTE 3: The small period of unknown data on SDO - 7 when DENO is asserted is dependent on register 
settings and may be synchronous. Minimum valid time is shown for reference. 

NOTE 4: Timing for LA 17 - 23 and SAO - 19 is dependent on register settings and may be asynchronous. 
Minimum valid windows are shown for reference. 

NOTE 5: SDTR remains low and DTR remains high for this cycle. 

FIGURE 13-28. AT BUS I/O OR MEMORY WRITE: 8-BIT, WORD TO BYTE CONVERSION, 
DEFAULT TIMING 
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AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

BALE 

lOR 

MEMR 

DENa, 

DTR 

SDEN 

SDTR 

MEMCS16 

IOCS16 

IOCHRDY 

ZEROWS 

SDO - SD15 

1/0 READ CYCLE 

Tc 

WD791 O/WD791 OLP 

Ti 
r-- MEMORY READ CYCLE --1 
I Ts I Tc I Tw I Ti I 

nJlJlJlJL 

SAO - SA19 =li='-----___ V_A_Ll_D __ ----lI=( =':.=·I ____ VA_L_ID ___ -LI=ii= 
NOTE 1 

NOTE 1: Timing for LA 17 - 23 and SAO - 19 is dependent on register settings and may be asynchronous. 
Minimum valid windows are shown for reference. 

FIGURE 13-29. AT BUS 1/0 OR MEMORY READ: 16-BIT, DEFAULT TIMING 
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AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

BALE 

MEMR 
NOTE 1 

lOR 
NOTE 1 

DENO, 

DTR 

SDTR 

MEMCS16 
NOTE 2 

IOCS16 
NOTE 2 

IOCHRDY 

ZEROWS 

SDO - SD15 

r-- MEMORY READ 1 
I Ts I Tc Ti 

r--- I/O OR MEMORY READ CYCLE ----1 
I Ts I Tc I Tw I Tw I Ti 

LA17-LA2311[==~~~1I==1I1I1I========~~~======JlIIII====1I NOTE 3 

~tr~ ; SA 19 ""'1= •••••••• = ••••••••• "---1 ___ V_A_Ll_D_---->1=1=· ••••••••• =.·· · ••• """I ______ V_A_Ll_D ____ --""I""'t= .. ""=·· 

NOTE 1: MEMR and lOR will not be asserted simultaneously. The first cycle must be to memory, as zero 
wait state I/O cycles are not supported. 

NOTE 2: MEMCS16 is sampled only during memory cycles. IOCS16 is sampled only during I/O cycles. 

NOTE 3: Timing for LA17 - 23 and SAO - 19 is dependent on register settings and may be asynchronous. 

8-152 

Minimum valid windows are shown for reference. 

FIGURE 13-30. AT BUS 1/0 OR MEMORY READ: 16-BIT, OWS ASSERTED AND EXTRA 
WAIT STATE ADDED 
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AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

BALE 

lOW 

MEMW 

DEN1 
NOTE 1 

DENO 
NOTE 1 

SDEN, DTR HI 

r--- 110 WRITE CYCLE ->j 
I T5 I Tc I Tw I 

I 
I III I 
I 

: I I 
I I 

II I 
I I 

II I 
I 
I 

r-- MEMORY WRITE CYCLE --1 
Ti I T5 I Tc I Tw I Ti 

I I I 
II I I 
I I I 
I I I 
I II Ii 
I I • I 
I II Ii 
I 
I 

SDTR 
LO ____ ~----~~------~--------~~--~_+--------~~-

MEMCS16 

IOCS16 

IOCHRDY 

ZEROWS 

~g~ ; SD15 --------l!""' •••••••• CLI ___ V_A_LlD __ FR_O_M_B_UF_FE_R __ --lr-------+I""' ••• ·.····"'-I ___ VA_L_ID_F_RO_M_B_U_FF_E_R __ ---'~ 

SDO-SD7 
NOTE 2 

--------LI""I ___ V_A_Ll_D _FR_O_M_B_UF_F_ER __ ---'r---------{II VALID FROM BUFFER ~ 

LA17-LA23l1c=====~~~==~========~====~~~====II==II==1I1 NOTE 3 12 

~frg ; SA 19 "" .. = ••••••••••• = •••••••••• "'--••• ____ V ___ A ___ L ___ I D ______ I=\i ""' •••••. "",·'=icL' ____ V ___ A ___ L1 ___ D ___ ---'I= •••••••••• = •••••••••• = •• •· ••• ···=I 

NOTE 1: DENO is asserted only in cycles where SAO is low. DEN1 is asserted only in cycles where SBHE is 
low. 

NOTE 2: SDB - SD15 are driven when DEN1 is low. SDO - SD? are driven when DENO is low. The small 
period of unknown data is dependent on register settings and may be asynchronous. Minimum 
valid time is shown for reference. 

NOTE 3: Timing for LA 1? - 23 and SAO - 19 is dependent on register settings and may be asynchronous. 
Minimum valid windows are shown for reference. 

FIGURE 13·31. AT BUS 1/0 OR MEMORY WRITE: 16-BIT, DEFAULT TIMING 
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13.2.2 Entering the AT Bus 

The timing in this section is presented in the fol
lowing sequence: 

80286 CPU 

Asysnchronous CPUCLK to SYSCLK 
Synchronous CPUCLK to SYSCLK 

80386SX CPU 

Asysnchronous CPUCLK to SYSCLK 
Synchronous CPUCLK to SYSCLK 

SYMBOL CHARACTERISTIC 

T40 CPUCLK fall to SYSCLK fall 
80286 CPU mode. 
CPUCLK rise to SYSCLK fall 
80386SX CPU mode. 

T41 CPUCLK fall to SYSCLK fall 
80286 CPU mode. 
CPUCLK rise to SYSCLK fall 
80386SX CPU mode. 

T42 CPUCLK fall to SYSCLK fall 
80386SX CPU mode. 

T43 CPUCLK rise to SYSCLK fall 
80386SX CPU mode. 

T44 CPUCLK rise to SYSCLK fall 
80286 CPU mode. 

T45 CPUCLK fall to SYSCLK fall 
80286 CPU mode. 

T140 CPUCLK fall to ALE rise 
80286 CPU mode. 
CPUCLK rise to ALE rise 
80386SX CPU mode. 

T141 CPUCLK fall to ALE fall 
80286 CPU mode. 
CPUCLK rise to ALE fall 
80386SX CPU mode. 

T214 See TABLE 13-6 

T215 See TABLE 13-6 

T234 See TABLE 13-3 
T235 See TABLE 13-3 

MIN 

4 

9 

MAX UNITS 

ns 

ns 

29 ns 

35 ns 

29 ns 

36 ns 

20 ns 

20 ns 

TABLE 13-9. ENTERING THE AT BUS 
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TEST 
CONDITIONS 

Register 1872H: BRQ_DEL = 01 
BUS MOD = OX 

Delay is number given 
plus (TOO x 0.25) 

Register 1872H: BRQ_DEL = 00 
BUS_MOD =OX 

Delay is number given 
plus (TOO x 0.5) 

Register 1872H: BRQ_DEL = 10 
BUS_MOD = 11 

Register 1872H: BRQ_DEL = 10 
BUS_MOD = 10 

Register 1872H: BRQ_DEL = 10 
BUS_MOD = 11 

Register 1872H: BRQ_DEL = 10 
BUS_MOD = 10 
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Tc 
CPUCLK 
AT BUS -JJ CLOCK 
INTERNAL 

SYSCLK J 
: NOTE 1 

BALE 

ALE 
:J ~ T235 

READY I 

T5 Tc 

'I' I I U T 40 -----+j 

~ : :: 1 
, , , I 

T140j F:1 T141 

j ~ T234 

I I 

Tw 

1 

WD791 O/WD791 OLP 

, Tw , Tw , 

Lf1SLf1SL 
L 

\'----__ 1 

NOTE 1: SYSCLK is asynchronous to CPUCLK. The minimum delay between CPUCLK and SYSCLK for an 
AT bus cycle to be started is shown here. Reducing the delay further would cause the AT cycle to 
start 1/2 SYSCLK period later. 

NOTE 2: Register 1872H: BRQ_DEL = 01, BUS_MOD = 00 or 01. 

FIGURE 13-32. 80286 CPU - ASYNCHRONOUS CPUCLK TO SYSCLK, BREQ DELAY = 1/2 CLOCK 

Tc Ts Tc Tw Tw Tw 
CPUCLK 
AT BUS 

~ : I' CLOCK , I INTERNAL . , 
T41~ 

SYSCLK ~ 
, ,~ , 1 I \ NOTE 1 , , , 

BALE 
T140J ~, J ~ T141 

ALE I JI1 
"1 ~ T235 -+I ~ T234 

READY I I 

NOTE 1: SYSCLK is asynchronous to CPUCLK. The minimum delay between CPUCLK and SYSCLK for an 
AT bus cycle to be started is shown here. Reducing the delay further would cause the AT cycle to 
start 1/2 SYSCLK period later. 

NOTE 2: Register 1872H: BRQ_DEL = 00, BUS_MOD = 00 or 01. 

FIGURE 13-33. 80286 CPU - ASYNCHRONOUS CPUCLK TO SYSCLK, BREQ DELAY = 1 CLOCK 
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Tc Ts Tc Tw Tw 

CPUCLK 

ALE 
T140 -1 ~T141 

-lT235 -1 I+IT234 

READY 
III NOTE 1 

NOTE 2 

AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

BALE n 
I 

NOTE 3 I 
AT BUS 
CLOCK 
INTERNAL 

1 r T45 
SYSCLK ~ ~ I \ NOTE 1 

BALE I 

NOTE 1: READY timing is shown for when the previous cycle was not an AT bus cycle. 

NOTE 2: AT bus clock = CPUCLK + 1. Register 1872H: BRa_DEL = 10, BUS_MOD = 11. 

NOTE 3: AT bus clock = CPUCLK + 2. Register 1872H: BRa_DEL = 10, BUS_MOD = 10. 

I 

FIGURE 13-34. 80286 CPU - SYCNHRONOUS CPUCLK TO SYSCLK 
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T2P T1P T2P T2P T2P T2P 

CPUCLK 
AT BUS lJ I I I CLOCK 
INTERNAL 

LT40 _I 
SYSCLK J: ~ 

: \ NOTE 1 L-..r-------1L--------.J! 
BALE I I 

T1401 n T141 
ALE 

:J t<- T214 :J t<- T215 

READY I I I 

NOTE 1: SYSCLK is asynchronous to CPUCLK. The minimum delay between CPUCLK and SYSCLK for an 
AT bus cycle to be started is shown here. Reducing the delay further would cause the AT cycle to 
start 1/2 SYSCLK period later. 

NOTE 2: Register 1872H: BRO_DEL = 01, BUS_MOD = 00 or 01. 

FIGURE 13-35. 80386SX CPU - BREQ DELAY = 1/2 CLOCK 

T2P T1P T2P T2P T2P T2P 

CPUCLK 

AT BUS il I : I CLOCK I INTERNAL 
• T41~ 

SYSCLK 
: 

~ 
: : 

~ \ I \ 
NOTE 1 

BALE I 

ALE 
T140i n T141 

~T214 +1 t<- T215 

READY I 

NOTE 1: SYSCLK is asynchronous to CPUCLK. The minimum delay between CPUCLK and SYSCLK for an 
AT bus cycle to be started is shown here. Reducing the delay further would cause the AT cycle to 
start 1/2 SYSCLK period later. 

NOTE 2: Register 1872H: BRO_DEL = 00, BUS_MOD = 00 or 01. 

FIGURE 13-36. 80386SX - BREQ DELAY = 1 CLOCK 
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T2P T1P T2P T2P T2P T2P 

CPUCLK 

ALE ----'-__ Tl_40_1-'-'1 n,-,~:_Tl-,-4i ______________ _ 

READY 
NOTE 1 

NOTE 2 

AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

BALE 

NOTE 3 

AT BUS 
CLOCK 
INTERNAL 

SYSCLK 
NOTE 1 

BALE 

-l T214 1 r T215 : : 

1 1 

1 1 

1 1 

~ 

~ ~ 
r T43 

I \ I \ 

NOTE 1: If this AT bus cycle is immediatly preceded by another bus cycle and the BUS_MOD field in register 
1872 = 11, READY will fall 1 CPUCLK later than shown. 

NOTE 2: AT bus clock = CPUCLK + 1. Register 1872H: BRQ_DEL = 10, BUS_MOD = 11. 

NOTE 3: AT bus clock = CPUCLK + 2. Register 1872H: BRQ_DEL = 10, BUS_MOD = 10. 

FIGURE 13-37. 80386SX CPU - SYCNHRONOUS CPUCLK TO SYSCLK 
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13.2.3 Exiting The AT Bus 

Exiting a synchronous AT bus is covered first, fol
lowed by the asynchronous bus. 

SYMBOL CHARACTERISTIC MIN 

T46 SYSCLK fall to CPUCLK -5 

T47 SYSCLK fall to CPUCLK -15 

T48 SYSCLK rise to CPUCLK -10 

T49 SYSCLK rise to CPUCLK -15 

--
T144 CPUCLK fall to READY fall, 

80286 CPU mode. 

T145 CPUCLK fall to READY rise, 
80286 CPU mode. 

T214 See TABLE 13-6 

T215 See TABLE 13-6 

T234 See TABLE 13-3 

T235 See TABLE 13-3 

MAX UNITS 

ns 

ns 

ns 

ns 

24 ns 

26 ns 

TABLE 13-10. EXITING THE AT BUS 

ADVANCED INFORMATION 11/25/91 

WD791 O/WD791 OLP 

TEST 
CONDITIONS 

Register 1872H: BAK_DEL = 10 
BUS_MOD=OX 

Register 1872H: BAK_DEL = 01 
BUS_MOD=OX 

Delay is number given 
plus (TOO x 0.25) 

Register 1872H: BAK_DEL = 00 
BUS_MOD =OX 

Register 1872H: BAK_DEL = 11 
BUS_MOD =OX 

Delay is number given 
plus (TOO x 0.25) 

Register 1872H: BUS_MOD = 11 
AT cycles only 

Register 1872H: BUS_MOD = 11 
AT cycles only 

8-159 



WD791 OIWD791 OLP AC OPERATING CHARACTERISTICS 

AT BUS 
CLOCK 
INTERNAL 

SYSCLK ~ 
AT STROBE 
NOTE 1 

80386SX MODE 

I 
CPUCLK 

READY 
NOTE 2 

READY 
NOTE 3 

READY 
NOTE 4 

80286 MODE 

CPUCLK 

READY 
NOTE 2 

READY 
NOTE 3 

READY 
NOTE 4 

END OF AT BUS CYCLE --1 

T2 

I,--------.--J: I 

I 

T2 T2 

-.j ~ T214 

' I 

Te Te Te 

->I ~ T235 

I 

T2/TI 

LIT" 
I 

Tel Ti 

LIT~ 
I 

NOTE 1: AT STROBE is either MEMR, MEMW, lOR or lOW. 

I T2/TI 

LIT" : I 

Te/Ti 

L,~ 
NOTE 2: Register 1872H: BUS_MOD = 10, BAK_DEL = 10 (-1 AT bus clock). 

TI 

Ti 

NOTE 3: Register 1872H: BUS_MOD = 10, BAK_DEL = 01 or 00 (-0.5 AT bus clock or no delay). 

NOTE 4: Register 1872H: BUS_MOD = 10, BAK_DEL = 11 (+0.5 AT bus clock). 
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FIGURE 13-38. SYNCHRONOUS AT BUS CYCLE COMPLETION, 

AT BUS CLOCK = CPUCLK -7- 2 
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END OF AT BUS CYCLE -I AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

AT STROBE 
NOTE 1 

BALE 
NOTE 2 

80386SX MODE 

I T2P T2P T1P 

CPUCLK 

~ """ ~ ~ "" ALE 

READY I 

80286 MODE. 

I Tc Tc Ts 

CPUCLK 

~ """ ~ ~ "'" ALE 

READY I 

NOTE 1: AT STROBE is either MEMR, MEMW lOR or lOW. 

NOTE 2: Register 1872H: BRa_DEL = 10, BUS_MOD = 11, BAK_DEL = XX. 

FIGURE 13-39. SYNCHRONOUS AT BUS CYCLE COMPLETION, 

AT BUS CLOCK = CPUCLK + 1 

ADVANCED INFORMATION 11/25/91 
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AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

AT STROBE 
NOTE 1 

END OF AT BUS CYCLE -1 

BAK DEL = 10 (-1 AT BUS CLOCK) NOTE 2 

--~- -----~----
80386SX MODE I T2 I IT2 I T2 T 1 

CPUCLK 

READY 
T46 .. ~ -.I i<- T214 

1 
1 

80286 MODE Tc IT; Tc Ti 

CPUCLK 

T461 ~ -.I i<- T235 

READY I 1 

BAK DEL = 01 (-0.5 AT BUS CLOCK) 
--~------~---
80386SX MODE I T2 I T2 I 

CPUCLK 

READY 

80286 MODE 

CPUCLK 
I+- T47 -.j 

READY 

NOTE 2 

-.I k- T235 

AC OPERATING CHARACTERISTICS 

TI TI TI 

.-.-.- "_>_0-

Ti Ti Ti 

---------'-'-i
l 
~------------------------------

NOTE 1: AT STROBE is either MEMR, MEMW, lOR or lOW. 

NOTE 2: Register 1872H: BUS_MOD = 00 or 01 (asynchronous AT bus), BAK_DEL set as indicated. 

NOTE 3: SYSCLK is asynchronous to CPUCLK. The minimum delay between SYSCLK and CPUCLK for 

8-162 

READY to be asserted is shown here. Reducing the delay further would cause READY to be 
asserted one CPU "T" state later. 

FIGURE 13-40. ASYNCHRONOUS AT BUS CYCLE COMPLETION, 
BAK_DEL = -1 OR -0.5 AT BUS CLOCKS 
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AT BUS 
CLOCK 
INTERNAL 

SYSCLK 

AT STROBE 
NOTE 1 

END OF AT BUS CYCLE --1 

BAK_DEL = 00 (0 AT BUS CLOCKS) 

80386SX MODE T2 T2 

CPUCLK 

READY 

80286 MODE Tc Tc 
CPUCLK 

NOTE 2 

T2 

Tc 

T48 ~ J+ -J i+ T235 

WD791 OIWD791 OLP 

'--_----'I 

TI TI TI 

Ti Ti Ti 

-------------~~--~I 
1 ~--------------------

BAK DEL = 11 (+0.5 AT BUS CLOCK) NOTE 2 

------- --1---
80386SX MOD? T2 1 T2 

CPUCLK 

READY 

80286 MODE Tc Tc 
CPUCLK 

,+-T49 ---+I 

READY 
-J i+ T235 

----------------------~~I ________________ _ 

NOTE 1: AT STROBE is either MEMR, MEMW, lOR or lOW. 

NOTE 2: Register 1872H: BUS_MOD = 00 or 01 (asynchronous AT bus), BAK_DEL set as indicated. 

NOTE 3: SYSCLK is asynchronous to CPUCLK. The minimum delay between SYSCLK and CPUCLK for 
READY to be asserted is shown here. Reducing the delay further would cause READY to be 
asserted one CPU "T" state later. 

FIGURE 13-41. ASYNCHRONOUS AT BUS CYCLE COMPLETION, 
BAK_DEL = 0 OR +0.5 AT BUS CLOCKS 
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WD7910/WD7910LP 

13.2.4 DMA Cycles 

Basic default timing is covered first, followed by 
8-bit I/O to onboard memory, then onboard 
memory to 8-bit I/O. 

AC OPERATING CHARACTERISTICS 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
TEST 

CONDITIONS 

T50 SYSCLK rise to ALE valid high 15 ns 

T51 SYSCLK rise to SALE valid 15 ns 
high 

T52 SYSCLK rise to AEN valid high 15 ns 

T53 SYSCLK rise to Address driven a ns 

T54 SYSCLK rise to Address valid 60 ns 

T55 Address hold from SYSCLK a ns 
rise 

T56 SYSCLK rise to LA20 valid 49 ns 

T57 LA20 hold from SYSCLK rise a ns 

T58 SYSCLK rise to SAO valid 40 ns 

T59 SAO hold from SYSCLK rise a ns 
-

T60 SYSCLK rise to SHE driven a ns 

T61 SYSCLK rise to SHE valid 36 ns 
-

T62 SHE hold from SYSCLK rise a ns 

T63 SYSCLK fall to MXCTL valid 2 ns 

T64 SYSCLK rise to DACKEN rise 28 ns 

T65 SYSCLK rise to DACKEN fall 31 ns 
--

T66 SYSCLK rise to CSEN fall 32 ns 
--

T67 SYSCLK rise to CSEN rise 33 ns 

T68 10CHRDY setup to SYSCLK 12 ns 
rise 

T69 10CHRDY hold from SYSCLK a ns 
rise 

-
T70 SYSCLK rise to lOR fall 28 ns 

-
T71 SYSCLK rise to lOR rise 35 ns 

--
T72 SYSCLK rise to MEMW fall 47 ns 

--
T73 SYSCLK rise to MEMW rise 35 ns 

T74 SYSCLK rise to DEN1 fall 32 ns 1/0 to memory 
--

T75 SYSCLK rise to DEN1 rise 42 ns 1/0 to memory 

T76 SYSCLK rise to DENa fall 32 ns 1/0 to memory 
--

T77 SYSCLK rise to DENa rise 42 ns 1/0 to memory 

T78 SYSCLK rise to SDEN fall 21 ns 
--

T79 SYSCLK rise to SDEN rise 37 ns 1/0 to memory 

TABLE 13-11. DMA CYCLES 
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SYMBOL CHARACTERISTIC MIN MAX UNITS 
TEST 

CONDITIONS 

T80 SYSCLK rise to SDTR rise 30 ns 

T81 SYSCLK rise to SDTR fall 20 ns 
-

T82 SYSCLK rise to lOW fall 53 ns 
-

T83 SYSCLK rise to lOW rise 37 ns 

T84 SYSCLK rise to MEMR fall 17 ns 
--

T85 SYSCLK rise to MEMR rise 38 ns 

T86 SYSCLK rise to DEN1 fall 22 ns Memory to I/O 
--

T87 SYSCLK rise to DEN1 rise 116 ns Memory to I/O 
--

T88 SYSCLK rise to DENO fall 22 ns Memory to I/O 
--

T89 SYSCLK rise to DENO rise 116 ns Memory to I/O 
--

T90 SYSCLK rise to SDEN rise 116 ns Memory to I/O 

T91 SYSCLK rise to DTR rise 31 ns 

T92 SYSCLK rise to DTR fall 22 ns 

-- -
T100 MEMW fall to RASn fall 27 ns 

-- -
T101 MEMW rise to RASn rise 29 ns 

-- -
T102 MEMW fall to CASn fall 108 ns 

-- -
T103 MEMW rise to CASn rise 30 ns 

--
T105 MEMW fall to RA 10 - RAO 100 ns 

valid 

-- -
T107 MEMW fall to W/R high 29 ns 

-- -
T108 MEMW rise to W/R low 10 ns 

-- -
T120 MEMR fall to RASn fall 28 ns 

-- -
T121 MEMR rise to RAS rise 29 ns 

T122 MEMR fall to CASn fall 110 ns 
-- -

T123 MEMR rise to CAS rise 31 ns 

--
T125 MEMR fall to RA10 - RAO valid 100 ns 

--
T126 MEMR fall to DPH, DPL float 25 

--
T127 MEMR rise to DPH, DPL 35 

driven 

T303 D15 - DO valid to DPH, DPL 27 ns 
valid 

--
T305 D15 - DO setup to MEMR rise 18 ns 

--
T306 DPH, DPL setup to MEMR rise 10 ns 

TABLE 13-11. DMA CYCLES cont. 
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SYSCLK 

DMACLK 
INTERNAL 

ALE 
NOTE 1 

BALE 
NOTE 1 

AEN 
NOTE 1 

A23 - A21, 
A19 - A1 

LA20 

SAO 

MXCTL 

DACKEN 

CSEN 
NOTE 2 

IOCHRDY 

lOR 

MEMW 

TO T1 T2 T3 T4 Tw T5 TO 

I I I I I 
I I I I I I 

I I ~T52 I I I I I" 

, ...................................................................................................................... ~ ••••••••••••••••• • •••• · •••••••••• I VALID I·· ••••••••••••••••••••••••• · •••••••• , 

1 ,----I __ ------'I I 

NOTE 1: ALE, BALE and AEN may be asynchronous. Minimum valid time is shown. DMA channels 0, 1, 2, 
and 3 will have two additional SYSCLK periods of valid time as shown by the alternate shaded 
region. 

NOTE 2: CSEN is used to generate the terminal count Signal and pulses low only during the last transfer in a 
block. 

FIGURE 13-42. BASIC DMA CYCLE, DEFAULT TIMING 
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T2 T3 T4 Tw T5 TO 

SYSCLK 

DMACLK 
INTERNAL 

DACKEN 

lOR 
~~ ~m 

----------~I ~' __ ~ __________ ~I~i-------
MEMW 

DEN1 

OENO 

SOEN 
NOTE 1 

OTR LO 

SOTR 

RASn 

-------+---.;.--+---+---i~ T72 i+ 173 

I I ~ 
j ~ T741 '----------t:JI-----'~, :.: T75

1 ----------~I~I:~I---+----------~Ii 
-01 ~. 1761 -01 t<-:- 177 

-----l-+-il I I ii' I 
~-t+-~-T7-8~-------+r~179 

----------+-1 ~+_il I I I, ' 
I , I 
I , I 

1 ~ T80 1 ~ T81 

I ' ---j ,--I __ _ 

============~-'----___ ~'--;~ T100 ~ : ~ T101 , I ,I 

CASn 

+,' f4- T102 + : ~ T103 --------+-------il 'I 
-.I f4- T105 , . 

RA10 - RAO ROW Ii COLUMN . I ••• • ••• ••·•• ••• · •••• •· •• • •• • •• ••· ••• ·•· ••• • ••• · ••••••• • •••• · •• ••··· •••• ·..1 

W/R 

015 - DO 

: I ,~ 
, c-I ---

_______ ~~I=;I=II=~~=I=~~-+~~-T-10-7V-A-L-10---~+~: _~_T_10_8 __ _ 

OPH,OPL 

NOTE 1: SDEN is asserted only in cycles with an odd numbered address. 

FIGURE 13-43. DMA CYCLE, 8-BIT I/O TO ON-BOARD MEMORY 
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T2 T3 T4 Tw T5 TO 

SYSCLK 

OMACLK 
INTERNAL 

OACKEN 1,--1 __ _ 

lOW 

MEMR 

OEN1 

-:I I+T82 -.I ~T83 
--------~~-~~I II I ; 

-. '---~-=T8:-:-4 -------t-J---.JI+ T85 

------t--+---t-il I 1 I I 
~ ~ T86 ~ I ~ T87 

----~-~II 1 ,rl ~I ---

OENO 
NOTE 2 

SOEN 
NOTE 1 

~ ~T88 1 . ~T89 -------+--'t--il I [-I -r-: ----

.J ~ T78 :J I ~ T90 
-------,---,--i, I ' I '---1 '----1 ---

1 

SOTR LO 

OTR 
J ~ T91 J ~ T92 

I I 
'----

I I 
RASn 

-----------1-+--· t<- T120 i ~ T121 

I II 
-., '---~-----=Tl-::-::22-----.t-'1 ~ T123 

CASn I I I 
RA10 - RAO 

WiR LO 

, k- T305 =+I 
015 - DO ----------+-------1111~lt;]~~'II'ii\;\illi VALID r---------

1+: 

OPH,OPL 

NOTE 1: SDEN is asserted only in cycles with an odd numbered address. 

NOTE 2: DENO is asserted only in cycles with an even numbered address. 

FIGURE 13-44. DMA CYCLE, ON-BOARD MEMORY TO 8-BIT 1/0 
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13.2.5 AT Bus Master 

The AT bus master timing is covered in the follow
ing sequence: 

SYMBOL CHARACTERISTIC MIN 

T50 SYSCLK rise to ALE valid high 

T51 SYSCLK rise to BALE valid 
high 

T52 SYSCLK rise to AEN valid high 

T53 SYSCLK rise to Address driven 0 

T55 Address hold from SYSCLK 0 
rise 

-
T60 SYSCLK rise to SHE driven 0 

T61 SYSCLK rise to BHE valid 
-

T62 BHE hold from SYSCLK rise 0 

T63 SYSCLK fall to MXCTL valid 

T64 SYSCLK rise to DACKEN rise 

T65 SYSCLK rise to DACKEN fall 

T150 MASTER fall to AEN fall 

T151 MASTER rise to AEN rise 

T152 MASTER fall to A23 - A21, 
A19 - A1 float 

T153 MASTER rise to A23 - A21, 15 
A19 - A1 driven 

T154 MASTER fall to LA20 float 

T155 MASTER rise to LA20 driven 10 

T156 MASTER fall to SAO float 

T157 MASTER rise to SAO driven 10 

T158 MASTER fall to BHE float 
-

T159 MASTER rise to BHE driven 10 

T160 MASTER fall to CSEN fall 
--

T161 MASTER rise to CSEN rise 

T162 MASTER fall to MEMR float 
--

T163 MASTER rise to MEMR driven 10 
---

T164 MASTER fall to MEMW, lOR, 
lOW, float 

---
T165 MASTER rise to MEMW, lOR, 10 

lOW driven 

• Bus acquisition and release 
• Writing to the onboard memory 
• Reading from the onboard memory 

MAX UNITS 
TEST 

CONDITIONS 

15 ns 

15 ns 

15 ns 

ns 

ns 

ns 

36 ns 

ns 

2 ns 

28 ns 

31 ns 

30 ns 

30 ns 

30 ns 

ns 

23 ns 

ns 

24 ns 

ns 

30 ns 

ns 

32 ns 

35 ns 

24 ns 

ns 

23 ns 

ns 

TABLE 13-12. AT BUS MASTER CYCLE 
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SYMBOL CHARACTERISTIC MIN MAX UNITS 
TEST 

CONDITIONS 

T166 A23 - A21, A 19 - A 1 setup 45 ns 
to MEMR, MEMW 

----
T167 LA20 setup to MEMR, MEMW 50 ns 

T168 SHE setup to MEMR, MEMW 0 ns 
----

T169 SAO setup to MEMR, MEMW 0 ns 

T170 A23-A21,A19-A1 hold from 15 ns 
MEMR, MEMW 

----
T171 LA20 hold from MEMR, MEMW 15 ns 

- ----
T172 SHE hold from MEMR, MEMW 15 ns 

----
T173 SAO hold from MEMR, MEMW 15 ns 

T174 SAO in to AO out delay 45 ns 

T175 MEMW fall to DEN1 fall 30 ns 
-- --

T176 MEMW fall to DENO fall 30 ns 
-- --

T177 MEMW rise to DEN1 rise 83 ns 
-- --

T178 MEMW rise to DENO rise 83 ns 

T179 MEMR fall to DEN1 fall 85 ns 
-- --

T180 MEMR fall to DENO fall 85 ns 
-- --

T181 MEMR rise to DEN1 rise 32 ns 
-- --

T182 MEMR rise to DENO rise 32 ns 

T183 MEMR fall to DTR rise 29 ns 
--

T184 MEMR rise to DTR fall 82 ns 

---- -
T190 MEMR, MEMW fall to RASn 83 ns 

fall 
---- -

T191 MEMR, MEMW rise to RASn 33 ns 
rise 
---- -

T192 MEMR, MEMW fall to CASn 126 ns 
fall 
---- -

T193 MEMR, MEMW rise to CASn 33 ns 
rise 
----

T194 MEMR, MEMW fall to 120 ns 
RA 10 - RAO column address 
valid 

----
T196 MEMR, MEMW fall to 42 ns 

RA 10 - RAO row address valid 

T197 RA 10 - RAO column address 5 ns 
hold from MEMR, MEMW rise 

TABLE 13-12. AT BUS MASTER CYCLE cont. 
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SYMBOL CHARACTERISTIC MIN MAX UNITS 
TEST 

CONDITIONS 

-- -
T300 MEMW fall to W/R rise 33 ns 

-- -
T301 MEMW rise to W/R fall 10 ns 

T302 MEMW fall to OPH. OPL valid 32 ns 

T303 015 - DO valid to OPH. OPL 27 ns 
valid 

--
T304 OPH. OPL hold from MEMW 5 ns 

rise 
--

T305 015 - DO setup to MEMR rise 18 ns 

T306 OPH. OPL setup to MEMR rise 10 ns 

T307 MEMR fall to OPH. OPL float 35 ns 
--

T308 MEMR rise to OPH. OPL driven 58 ns 

TABLE 13-12. AT BUS MASTER CYCLE cont. 
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SYSCLK 

DMACLK 
INTERNAL 

ALE 
NOTE 1 

BALE 
NOTE 1 

AEN 
NOTE 1 

A23 - A21, 
A19 - A1 

LA20 

SAO 

BHE 

MXCTL 

DACKEN I 

MASTER 

CSEN 

MEMR 

~rl 
'----__ -! ~ I 

~ I T163 Irl-----
. -.!:I'·-.LI f- . J . 

j 
MEMW I 

I<- T164 j 1 T165 II-I ------
L . -.!:I'·-.LI f- . --+ . 

~ 
lOR I 

I<- T164 ~ 1 T165 II-I ------
L. -.!:I'·-.Llf-· i' 

lOW 
-, i-<- T164 . _1 .1 T165 II-I ------

L. -.!:I'·-.LI f-

NOTE 1: The shaded regions of ALE, BALE and AEN show a possible asynchronous relarionship. Minimum 
valid time is shown. DMA channels 0, 1, 2 and 3 will have two additional SYSCLK periods of valid 
HI time as shown by the alternate shading. 

FIGURE 13-45. AT BUS MASTER, BUS ACQUISITION/RELEASE 
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A23 - A21, 
A19 - A1 

LA20 

BHE 

SAO 

AO 

MEMW 

DEN1 

DENO 

DTR 

RASn 

CASn 

RA10 - RAO 

W/R 

015 - DO 

DPH, DPL 

I>··· .· .•• ·•·.· •.• · .• 1 VALID 1·.··.(···········/··.·.···· •. ···•·····.···· .. 1 f<· . . . 

~ ~T169 7T173 ~ II 
.... I+-T174 

_---ri]i---I+T175---I! 

I I ~T1771 
_____ 1-'-;I+T176 I 

I I t T178 1 
I I 

LO ___ ~J-------------+---__ 
..J I+T190 .. I+T191 

-------r-I--il I I 
____ -'-'-k-----'-LT=1-92:-.!-=----------~-.-JI+T193 

I II 
I"- T194 1 I 

T196'" 1+ .. I+T197 

I.·.··· •• ·•·· •• ···· •..•.••.•••.••••.••••..••••.••••.••.••.•... / •..••••.•• ·•· ••••• · •• · •• ·)1 RoWjl1 COLUMN; I· •• · ••••••. ·• i·.· .... · ..... · . . · .. ·.· .... ····.····.·.··· .. · .. ····.· .. ··1 

I --------------I--;.J I+T301 

------~II- II~ __ _ 
J I+T300 : 

J VALID 

VALID 

FIGURE 13-46. AT BUS MASTER, WRITE TO ON-BOARD MEMORY 
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A23 - A21, 
A19 - A1 VALID 

LA20 VALID 

SHE VALID 

SAO VALID 

AO VALID 

MEMR 

DEN1 

DE NO 

_____ ----.f-_-_-_----,---------------1J I--T181 

~T179 "1 1 I 
1 '-----------------:t1---,-JI--T182 

--------~r-T1-80~"1 1 I 

DTR 

RASn 

CASn 

i 1--1 T183 1 J 
. 1'4- T184 l'--__ __ 

------lj--' /+T190 ---II--T191 

1 I I 
_____ ---=L"---'-'T1-".'92'-------.!--=; ~ I-- T193 

I I I I 
I 

RA10 - RAO COLUMN 

W/R 
LO 

015 - DO 

j I--T307 

DPH, DPL 

FIGURE 13-47. AT BUS MASTER, READ FROM ON-BOARD MEMORY 
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13.2.6 AT Bus Refresh 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
TEST 

CONDITIONS 

T320 REFRESH low before SYSCLK 4 ns REFRESH setup is number given 
rise plus (TOO x 0.25) 

T321 SYSCLK fall to REFRESH rise 16 ns 

T325 SYSCLK rise to A23 - A21 , 35 ns 
A19 - A16 and A7 - A1 valid 

T326 SYSCLK fall to A23 - A21 , 2 ns 
A19 - A16 and A7 - A1 invalid 

T327 SYSCLK rise to A20, A 15 - A8 45 ns 
valid 

T328 SYSCLK fall to A20, A 15 - A8 2 ns 
invalid 

T329 SYSCLK rise to LA20 valid 30 ns 

T330 SYSCLK fall to LA20 invalid 2 ns 

T331 SYSCLK rise to SAO valid 30 ns 

T332 SYSCLK fall to SAO invalid 2 ns 
--

T333 SYSCLK rise to MEMR low 8 ns 
--

T334 SYSCLK rise to MEMR high 7 ns 

T335 IOCHRDY setup to SYSCLK 23 ns 
rise 

T336 IOCHRDY hold time from 0 ns 
SYSCLK rise 

TABLE 13-13. AT BUS REFRESH CYCLE, DEFAULT TIMING 
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AT BUS CLOCK 
INTERNAL 

SYSCLK 

REFRESH 
NOTE 1 

A (FAST) 
NOTE 2 

A (SLOW) 
NOtE 3 

LA20 

SAO 

MEMR 

IOCHRDY 

AC OPERATING CHARACTERISTICS 

NOTE 1: REFRESH rises 1/2 SYSCLK period later (dashed line) if there is a pending hold cycle (DMA, local 
access). 

NOTE 2: (FAST) is address lines A23 - A21, A 19 - A 16 and A7 - A 1. 

NOTE 3: (SLOW) is address lines A20, and A15 - AS 

FIGURE 13-48. AT BUS REFRESH CYCLE, DEFAULT TIMING 
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13.3 PROCESSOR TIMING 

This section covers the 80286 CPU timing, 
followed by the 80386SX. 

SYMBOL CHARACTERISTIC 

T140 See Table 13-9 

T141 See Table 13-9 

T143 See Table 13-9 

T401 CPUCLK fall to CPU RES rise 
delay 

T402 CPUCLK fall to CPURES fall 
delay 

T403 CPUCLK fall to NPRST rise 
delay 

T404 CPUCLK fall to NPRST fall 
delay 

T405 CPUCLK fall to BUSYCPU fall 
delay 

T406 NPBUSY rise to BUSYCPU 
rise delay 

--
T408 SO, S1 setup time to CPUCLK 

--
T409 SO, S1 hold time to CPUCLK 

-
T410 MIlO setup time to CPUCLK 

T411 MilO hold time to CPUCLK 

T412 Address setup time to CPUCLK 

T413 Address hold time to CPUCLK 
--

T414 PEACK setup time to CPUCLK 

T415 PEACK hold time to CPUCLK 

T416 OPH, OPL setup time to 
CPUCLK fall 

T417 OPH, OPL hold time from 
CPUCLK fall 

T418 015 - DO setup time to 
CPUCLK fall 

T419 015 - DO hold time from 
CPUCLKfall 

WD791 OlWD791 OLP 

MIN MAX UNITS TEST 
CONDITIONS 

14 ns 

13 ns 

14 ns 

13 ns 

35 ns G) 

35 ns G) 

9 ns 

1 ns 

26 ns 

1 ns 

26 ns 

1 ns 

7 ns 

1 ns 

5 ns 

19 ns 

5 ns 

19 ns 

G) T405 and T406 are for reference only since BUSYCPU is an asynchronous signal to the 80286. These two 
parameters are guaranteed by design and will not be tested. 

TABLE 13-14. 80286 CPU TIMING 
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CPUCLK 

RSTIN 

CPU RES 

NPRST 

BUSYCPU 

W/R# [S1J 

80 CPUCLK (NOTE 1) _: 

--i :_ T402 
~--+-----~~'r------------~~ 

I( ----..: :- T404 
r---~----~)~)--~----------~ 

: NOTE 3 
I( 
») 

») 

NOTE 1: Minimum of 80 CPUCLKs are asserted before the removal of CPU RES. 

NOTE 2: W/R# [SI] is sampled 32 CPUCLKs after RSTIN is de-asserted to determine the processor type. 

NOTE 3: If, by sampling W/R# [SI]. the processor type detected is an 80386SX, BUSYCPU is asserted 
for a minimum of 10 CPUCLKs before and after the trailing edge of CPURES to perform 

80386SX self test. 

FIGURE 13-49. 80286 - CPURES AND NPRST DURING POWER UP 

TS 1 
. <1>2 . 

TC 
<1>1 <1>2 1 <1>1 <1>2 <1>2 <1>1 

CPUCLK 

so _~ ____ ~:rl --------~------~--~~~~----------~~~----~~ .. ::::--------
:-c: 72 CPUCLK ~ ___ 128 CPUCLK 

~S : 
NPRST _~ _________________ T_40_3_-__ ~: 1- ~, _____ T_4_0_4 ____ ~((r-____ ~ ______ _ 

» 

READY 
~r--------------------------~~~----~--------~~~----~,---__ __ 

NOTE 1: NPRST is asserted for 72 CPUCLKs to fulfill the requirements of the 80287 and 80387SX. 

NOTE 2: READY is de-asserted for an additional 128 CPUCLKs to prevent the coprocessor from 

being accessed before it is allowed. This covers up to 25 MHz 80286 working with 
12.5 MHz Intel's C287A. 

8-178 

FIGURE 13-50. 80286 - COPROCESSOR RESET (NPRST) 
INITIATED BY lOW TO PORT F1 
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<1>2 

KBD_RST -Us : I 
:..c ~,"'''''l------ 16 CPUCLK ~! 

NOTE 1 ! r--------~%----..;_, 
CPU RES T401,-~~: 1- -! t= T402 )r,--w 

Hot-Reset by setting bit 0 of port 92 to 1 

CPUCLK~~~Jl-hJ 
IOW~: I 

'--HI';-) --i----' 

« 
)j 

(( 
)) 

,.....: ~:_ 128 CPUCLK -----.1 ... ""(----- 16 CPUCLK ------i~~: 
..---_~I~: 

! NOTE2! T40HJ--i )_'.:. -T402 
« ( : . 
)) } : 

CPURES 

Shut-down initiated Reset (MIIO=1, 51 =0, 50=0, A1 =0) 

CPUCLK 

CPU RES T401-' 1-
NOTE 3 

)) 

16 CPUCLK ------l~~: 

NOTE 1: This time can be as long as 8 MXCTL clocks (-4 SYSCLK) plus 2 CPUCLKs for synchronization. 

NOTE 2: 1 SYSCLK, plus 2 CPUCLKs for synchronization. 

NOTE 3: CPU RES is asserted at the beginning of phase 1 to maintain the phase relationship with the 80286. 

FIGURE 13-51. 80286 - PROCESSOR RESET (CPURES) INITIATED BY SOURCES OTHER 
THAN POWER UP RESET 

ADVANCED INFORMATION 11/25/91 8-179 



WD7910/WD7910LP AC OPERATING CHARACTERISTICS 

I TS I TC I 
,<1>1 : <1>2 :<1>1 :<1>2 , <1>1 ,<1>2 , 

CPUCLK 

ALE ~~~ __________________________ ~~ __ ~ ______________ __ 

-.-, _ TWLBN (from 80287 spec.) ! 

CD lOW 

'--_________ -'---+_--'-=-1_--' - T406 

.... ""_------- NOTE 1 --~-j---'---...., .. ~ 

BUSYCPU -il-!T405 

READY ____ ....;:,,1 

CD TO COPROCESSOR 

® FROM COPROCESSOR 

NOTE 1: During a write to the 80287, BUSYCPU is asserted at the middle of the first Tc and continues 

for one SYSCLK plus two CPUCLKs beyond the active edge of lOW, then follows the NPBUSY 
from the 80287. This early assertion of BUSYCPU is required to maintain compatibility with 
the 80287. 

FIGURE 13-52. 80286 - BUSYCPU ASSERTED DURING COPROCESSOR ACCESS 
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I TS I TC I 
:<1>1 : <1>2 : <1>1 : <1>2 

CPUCLK 

, , , 

ALE ~~----------~S~&------~%--~~r-n~-----------
CD lOW 

® NPBUSY 

BUSYCPU 

NPERR 

READY 

CD TO COPROCESSOR 

® FROM COPROCESSOR 

) 

NOTE 1 

S( 

NOTE 1: BUSYCPU is latched by the leading edge of the NPERR signal from the coprocessor 
while NPBUSY from the coprocessor is still active. 

NOTE 2 

NOTE 2: BUSYCPU is de-asserted by the leading edge of lOW, delayed by a low half of SYSCLK, 

when any data is written to port FO. BUSYCPU can be an asynchronous signal to the 
processor and is shown for reference only. 

FIGURE 13-53. 80286 - LATCHING BUSVCPU WHEN AN ERROR OCCURS 
AND CLEARING IT WITH A WRITE TO PORT FO 
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8-182 

TS TC TS 
<PI <p2 <PI <p2 <PI 

CPUCLK 

SO, S1 

T409~. 

PEACK 

MilO 

A23-AO 

.--c: T412 ~. ~ --- T413 

DPH, DPL ·····················•···· .. ···.·········D···C 
FOR MEMORY READ CYCLE · · ·T416~ .~ 

T417 

D15-DO ··························.····.·········D···C 
FOR MEMORY READ CYCLE :: : 

.~ 
T418~ 

T140~. .~T141 

ALE _-----J/i--'--. ---'\,-,--. _-----JI 
T143~. .~. ___ T143 

READY ___ --'I \,--. ----

FIGURE 13-54. 80286 - MISCELLANEOUS TIMING 

ADVANCED INFORMATION 11/25/91 



AC OPERATING CHARACTERISTICS WD7910/WD7910LP 

SYMBOL CHARACTERISTIC 20 MHz 25 MHz UNITS 
MIN MAX MIN MAX 

T140 See Table 13-9 

T141 See Table 13-9 

T204 See Table 13-6 

T214 See Table 13-6 

T215 See Table 13-6 

T451 CPUCLK rise to CPU RES 14 10 ns 
rise delay 

T452 CPUCLK rise to CPU RES 13 10 ns 
fall delay 

T453 CPUCLK rise to NPRST 14 10 ns 
rise delay 

T454 CPUCLK rise to NPRST 13 10 ns 
fall delay 

T455 CPUCLK rise to BUSYCPU 35 35 ns 
fall delay 

T456 CPUCLK rise to BUSYCPU 35 30 ns 
rise delay 

T457 NPBUSY fall to BUSYCPU 30 30 ns 
fall delay 

T458 NPBUSY rise to BUSYCPU 35 35 ns 
rise delay 

---
T460 NPERR fall to EPEREQ 30 30 ns 

rise delay 

T462 ADS# setup time to CPUCLK 14 10 ns 
rise 

T463 ADS# hold time from 5 4 ns 
CPUCLK rise 

T464 W/R# setup time to CPUCLK 14 8 ns 
rise 

T465 W/R# hold time from 5 4 ns 
CPUCLK rise 

T466 D/C# setup time to CPUCLK 14 6 ns 
rise 

T467 D/C# hold time from 5 4 ns 
CPUCLK rise 

-
T468 MilO setup time to CPUCLK 17 15 ns 

rise 
-

T469 MilO hold time from 5 4 ns 
CPUCLK rise 
-

T470 BHE setup time to CPUCLK 17 15 ns 
rise 
--

T471 BHE hold time from 3 4 ns 
CPUCLK rise 

TABLE 13-15. 80386SX CPU TIMING 
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SYMBOL CHARACTERISTIC 20 MHz 25 MHz UNITS 
MIN MAX MIN MAX 

T472 HLDA setup time to CPUCLK 10 6 ns 
rise 

T473 HLOA hold time from 3 4 ns 
CPUCLK rise 

T474 HOLD valid delay from 26 20 ns 
CPUCLK rise 

T475 OPH setup time to CPUCLK 5 5 ns 
rise 

T476 OPH hold time from 19 19 ns 
CPUCLK rise 

T477 015-00 setup time to 5 5 ns 
CPUCLK rise 

T478 015-00 hold time from 19 19 ns 
CPUCLK rise 

T479 A23-A 1 , BLE# setup time to 40 38 ns 
CPUCLK rise 

T480 A23-A 1, BLE# hold time from 3 4 ns 
CPUCLK rise 

TABLE 13-15. 80386SX CPU TIMING cont. 
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CPUCLK 

RSTIN 

CPURES 

NPRST 

BUSYCPU 

W/R# (S1) 

NOTE 1: Minimum of 80 CPUCLKs are asserted before the removal of CPURES. 

NOTE 2: W/R# [S1] is sampled 32 CPUCLKs after RSTIN is de-asserted to determine the processor type. 

NOTE 3: If, by sampling W/R# [S1]. the processor type detected is an 80386SX, BUSYCPU is asserted 

for a minimum of 10 CPUCLKs before and after the trailing edge of CPURES to perform 

80386SX self test. 

FIGURE 13-55. 80386SX - CPURES AND NPRST DURING POWER UP 

T1 

~1 :<1>1 

: : Lr1SL 
ADS# ___ ~ ____ ~i'I----+-----+-----+-----~~~~~----------~%~----_-.. :::::~. --------

CPUCLK 

NPRST 

. ,....: 72 CPUCLK >-:~ 128 CPUCLK _. 

SS---n 
__ ---'-__ --'" ______ T_4_53_-__ ,....JI- -: 1- T454 (( 

» 

READY ------':', ------------~~~--------~~~--~~------
NOTE 1: The trailing edge of NPRST occurs during phase 2 to maintain the correct phase of 80387SX 

with the 80386SX. 

NOTE 2: NPRST is asserted for 72 CPUCLKs to fulfill the requirements of the 80287 and 80387SX. 

NOTE 3: READY is de-asserted for an additional 128 CPUCLKs to prevent the coprocessor from 
being accessed before it is allowed. This covers up to 25 MHz 80286 working with 
12.5 MHz Intel's 80C287A. 

NOTE 4: 25 MHz operation requires a minimum of 8 MHz for AT Bus Clock. 

FIGURE 13-56. 80386SX - COPROCESSOR RESET (NPRST) 
INITIATED BY lOW TO PORT F1 
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KBD_RST ~ i I I YJ: 
» 

"< ~:"""'E------- 17 CPUCLK • : 
NOTE 1 ! r-----------'~),-----'-, 

GPURES T45\~_ -! b= T452 

Hot·Reset by setting bit 0 of port 92 to 1 

GPUCLKSLfU-U-Vu-U-u-vu-LrL 

IOW~ j Ir------~~~)---+------------------~I~h--~-----------
yl:,-) __ __;...---' 

:~ ~!_ 128 CPUCLK --' ....... f---- 17 CPUCLK ----l.~: NOTE 3 
(~: : NOTE 2 ! : ,----------------~. 

T451 -_! !-.- ~j _ T452 

--------~~r)--------------~S~ 
GPURES 

Shut·down initiated Reset (W/R#=1, O/C#=O, MIIO=1, BHE=1, BLE#=O, A1=O) 

<Ill 

(( 

» 

.--____________________ ~)~~TE3 

-j L T452 

NOTE 1: This time can be as long as 8 MXCTL clocks (-4 SYSCLK) plus 2 CPUCLKs for synchronization. 

NOTE 2: 1 SYSCLK. plus 2 CPUCLKs for synchronization. 

NOTE 3: CPU RES is de-asserted at the beginning of phase 1 to maintain the phase relationship with the 80386SX. 

FIGURE 13-57. 80386SX - PROCESSOR RESET (CPURES) INITIATED BY SOURCES OTHER 
THAN POWER UP RESET 
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T1 T2 T2P I T1P T2P T2P I T2P I T2P I T2P I 
CPUCLK 

'----;..J! 1 : ,--I ---;-,1 : 1..-1 _____ -+--___ _ 

In nL-.i--___ --:-__ _ 
ADS# n 

ALE 

i 1f--7----~·1 
---J!--1 1- T457 -t: 

--------------;-;--;1 NOTE1: : 

CD NPBUSY 

BUSYCPU 

:_ T458 

READY 

~ ~ :~I ___ ~ __ _ 
CD FROM COPROCESSOR 

NOTE 1: BUSYCPU follows NPBUSY from the 80387SX. 

FIGURE 13-58. BUSVCPU ASSERTION DURING COPROCESSOR ACCESS 
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Tll T21T2PI 

CPUCLK 

ALE in n (( (( 
)} )} 

CD lOW (~ ) 

® NPBUSY ~ 
-i CT458 BUSYCPU 

NPERR NOTE 1 

EPEREQ 
(( 
)} 

:, ( 
)} 

~( READY 
) 

CD TO COPROCESSOR 

® FROM COPROCESSOR 

NOTE 1: BUSYCPU is latched by the leading edge of the NPERR signal from the coprocessor 
while NPBUSY from the coprocessor is active. 

NOTE 2: BUSYCPU is de-asserted by the leading edge of lOW delayed by a low half of SYSCLK 

when any data is written to port FO. BUSYCPU can be an asynchronous signal to the 
processor and is shown for reference only. 

NOTE 3: EPEREQ is asserted if NPERR occurs while NPBUSY from the coprocessor is active. 

EPEREQ is de-asserted by the leading edge of lOW delayed by the low half of SYSCLK 
when any data is wri Ite n to port FO. EPEREQ can be asynchronous to the processor 

and is shown for reference only. 

NOTE 2 

NOTE 3 

FIGURE 13·59. 80386SX· LATCHING BUSYCPU WHEN AN ERROR OCCURS 
AND CLEARING IT WITH A WRITE TO PORT FO 
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T1P T2P T1P T2P T2P T1P 

CPUCLK 

AOS# 

W/R# 

MIlO 

A23-A 1, BLE# 

0/C# 

BHE 

OPH,OPL 

015-00 

ALE 

READY 

RGURE 13-60. 80386SX - MISCELLANEOUS TIMING 

Tx Tx 
<112 <111 

CPUCLK 

T472 ---.. ~ :~ 

HLDA 

~ ~~T473 

FIGURE 13-61. 80386SX -INPUT SETUP AND 
HOLD TIMING 

CPUCLK 

HOLD 

Tx 
((>2 ((>1 

Tx 

n 1\ r--' u L.) 
T474 ~~ ~~ 

-~~'---
FIGURE 13-62. 80386SX - OUTPUT DELAY 

TIMING 
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13.4 CACHE CONTROLLER TIMING 

CLK2 

NADS 

A23:1 
BHE,BLE 

MATCH1:0 
NOE 

015:00 

NREADY 

NRASn 
NCASn 

DATAWE1:0 

TAGWE1:0 

NSTARTT 

NSTARTD 

8-190 

READ HIT READ MISS 
T1 ' T2 T1 ' T2 T2 

VALID VALID 

VALID i \ VALID: 

::,1 \ :1 'LJ I~ 
f-----'-, ---1\ rATA +LID11----+-i --{L ,1--;-------11 i 

ii U ~ /!I 
\ o 

: I : \ :I : \ 
CACHEEN = 1 & WPROTECT = 0 

\ 

FIGURE 13-63. READ HIT/READ MISS CYCLE 
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CLK2 

NADS 

A23:1 
BHE,BLE 

MATCH1 :0 

NOE 

D15:00 

NREADY 

NRASn 
NCASn 

WRI~E HIT 
T1 ' T2 

WD7910/WD7910LP 

WRITE MISS 
T2 T1 ' T2 T2 TI 

VALID: 

n 
DATAWE1:0::----------L----.----L---~====!U~==~--~--------~----~==~====~--~ 

TAGWE1 :0 

NSTARTT : \ ! \ 

NSTARTD 

CACHEEN = X & WPROTECT = 0 

FIGURE 13-64. WRITE HITIWRITE MISS CYCLE 
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Th Th Th Th Th Th Th 

CLK2 

NADS 

A23:1 :1 BHE.BLE 

MATCH1:0 VALID! MATCH ION ONE SET 

D15:00 

NRASn 

NCASn 

NDWE 

NMEMW 

IOCHRDY 

NSTART 

FIGURE 13-65. DMAIMASTERMEMORY WRITE HIT CYCLE 
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CLK2 

NAOS 

A23:1 
BHE,BLE 

MATCH1 :0 

015:00 

NRASn 

NCASn 

NOWE 

NMEMW 

IOCHROY 

NSTART 

Th Th Th 

T:i/1 I 
: : : 
: : : 
: : : 
: : : 
: : : 
: : : 

1 1 1 
: : : 

WD7910IWD7910LP 

Th Th Th Th 

VALID! 

~ , , , , , , , , , , , , 
, , , , , , , , , , , , , , , , , , , , , , , , , , , , , , · . · . · . 

FIGURE 13-66. DMA/MASTER MEMORY WRITE MISS CYCLE 
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ClK2 

ClK 

NADS 

NSTART 

MATCH 

DO:15 

AC OPERATING CHARACTERISTICS 

VALID 

7nSi--

CPU DATA ------------------~ 

FIGURE 13-67. TAG RAM AND DATA RAM TIMING 
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PREFACE 

PREFACE 
The Integrated Circuit Systems ICS90C61A dual 
video/memory clock generator was designed ex
clusively to work with Western Digital video 
graphics chips. 

Because you get optimum video subsystem perfor
mance when you use this video/memory clock gen
erator with Western Digital video graphics chips, we 
have included the ICS90C61 A in our databook. 

You can contact Integrated Circuit Systems at the 
following address: 

Integrated Circuit Systems, Inc. 
Valley Forge Corporate Center 
2626 Van Buren Ave., P.O. Box 968 
Valley Forge, PA 19482 
Phone: (215) 666-1900 
Fax: (215) 666-1099 

1.0 INTRODUCTION 
The Integrated Circuit Systems ICS90C61 A is a 
dual clock generator for VGA applications. It simul
taneously generates two clocks. One clock is forthe 
video memory, and the other is the video dot clock. 

This data sheet supplies sales order information, a 
functional overview, signal pin details, a block 
diagram, AC/DC characteristics, timing diagrams, 
and package mechanical information. 

1.1 DESCRIPTION 

The Integrated Circuit Systems Video Graphics 
Array Clock Generator (ICS90C61A) is capable of 
producing different output frequencies under 
firmware control. The video output frequency is 
derived from a 14.318 MHz system clock available 
in IBM PC/XT/AT and Personal System/2 com
puters. It is designed to work with Western Digital 

SELD 

SEL1 

SELEN 

VGATIL 

FCLKSEL 

4 

5 

6 

7 

8 

::.::: 
::.::: z () 
....J ....J 
() S2 () () ::.::: 
~ ....J LL () ....J 

() W > () 
W LL a: 0 > 

• 
ICS90C61AV 

ICS90C61A 

18 VCLKE 

17 N.C. 

16 AGND 

15 AVCC 

14 MCLKE 

20-PIN PLCC DIAGRAM 

Video Graphics Array and 8514/A devices to op
timize video subsystem performance. 

The video dot clock output may be one of 7 inter
nally generated frequencies or two external inputs. 
The selection of the video dot clock frequency is 
done through four inputs. 

SELO 

SEL1 

VGATTL 

FCLKSEL 

SELO and SEL 1 are latched by the SELEN signal. 
VGATTL and FCLKSEL are used as direct inputs to 
the VCLK selection. Table 1-1 is the truth table for 
VCLK selection. 

Copyright © 1991 Integrated Circuit Systems. Inc. Reprinted with permission of Integrated Circuit Systems, Inc. 

Integrated Circuit Systems reserves the right to make any changes in the circuitry or specifications at any time without notice and assumes 
no responsibility for the use of any circuits described herein and makes no representation that they are free from patent infringement. 
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The input and truth table have been designed to 
allow a direct connection to one of the many 
Western Digital VGA controllers or 8514/A chip 
sets. 

The MCLK output is one of four internally generated 
frequencies as shown in Table 1-2. The various 
VCLK and MCLK frequencies are derived from the 
14.318 MHz Input frequency. 

The VCLKE and MCLKE input can tristate the 
VCLK and MCLK outputs to facilitate board level 
testing. 

The ICS90C61 A is capable of extended frequency 
output up to 80 MHz in custom applications. See 
page 9-6 for details. 

1.2 FEATURES 

Dual Clock generator for the IBM-compatible 
Western Digital Video Graphics Array (VGA) 
LSI devices, and 8514/A chip sets. 

Integral loop filter components. 

Generates 7 video clock frequencies derived 
from a 14.318 M Hz system clock reference 
frequency. 

Video clock is selectable among the 7 inter
nally generated clocks and two external 
clocks. 

On-chip generation of four memory clock fre
quencies. 

CMOS technology. 

INTRODUCTION 

REFCLCK 

FCLKIN 

EXTCLK 

SELO 

SEL1 

SELEN 

VGATIL 

FCLKSEL 

MSELO 

DGND 

• 

ICS90C61AM 

20-PIN S.O.DIAGRAM 

DVCC 

VCLK 

VCLKE 

N.C. 

AGND 

AVCC 

MCLKE 

N.C. 

MCLK 

MSEL1 

Available in a 20-pin PLCC, S.O., and DIP 
packages. 

Extended frequency capabilities to 80 MHz 
in custom frequency patterns. 

Ordering Information 
ICS90C61AV-PRx (PLCC Package) 
ICS90C61AM-PRx (S.O. Package) 
ICS90C61AN-PRx (DIP Package) 
(PRx = Pattern Number) 

Note: Unless a specific pattern is ordered, PR2 will be shipped. 

Note: ICS90C61AN (DIP) pinout is identical to ICS90C61AM (S.O.) pinout. 
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ICS90C61A VGA INTERFACE IC590C61A 

2.0 ICS90C61 A VGA INTERFACE 
The ICS90C61 A has two system interfaces: Sys
tem Bus and VGA Controller, and six user program
mable inputs. Figure 2-1 shows how the Integrated 
Circuit Systems VGA Clock ICS90C61A is con
nected to a VGA controller. Western Digital VGA 
controllers normally have a status bit that indicates 

to the VGA controller that it is working with a clock 
chip. When working with a clock chip the VGA 
controller changes two of its clock inputs VCLK1 
and VCLK2 to outputs. These outputs are used to 
select the required video frequency. 

Vee'"' l C1 

I·1J..lF 

Note: 

33 -
R1 .L C2 .L C3 

I22J..lF I·1J..lF 

r--...., -
I asc ovcc AVCC 

~---I FCLKIN I asc '1-------1 EXTCLK OGNOI----, 
J. 

_'/---1 MSELO AGNOI---...... I 

::2 w 

~"~--I MSEL 1 ~ 

"""'''/_-1 VCLKE 
"""'''/--1 MCLKE 

~"/_-I FCLKSEL MCLK I--
-=-==- VCLK I--

ICS90C61A 
CLKI------I REFCLK 

02 SEL1 
03 SELO 

r-- VGATTL 
r- SELEN 

ti)(/) 
>-=> 
(/)CO 

- VCLK1 
- VCLK2 

~_-I02 
1...-__ -1 03 

VCLKO-

MCLK _ 

VGA 

FIGURE 2-1. ICS90C61A INTERFACE 

C3 should be placed as close as possible to the ICS90C61A AVDD pin 
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ICS90C61A 

2.1 SYSTEM BUS INPUTS 

The system bus inputs are: 

REFCLK 

SELO 

SEL1 

The ICS90C61 A uses the system bus 14.318 MHz 
clock as a reference to generate all its frequencies 
for both video and memory clocks. Data lines D2 
and D3 are commonly used as inputs to VSELO and 
VSEL 1 for video frequency selection. 

2.2 INPUTS FROM VGA CONTROLLER 

The VGA controller input the the ICS90C61A is: 

SELEN 

The ICS90C61A is programmed to generate dif
ferent video clock frequencies using the inputs of 
SELO, SEL 1, VGATTL, and REFCLK. The signals 
VGATTLand REFCLK may be supplied by the VGA 
controller as is the case in Western Digital VGA 
controllers. The inputs SELO-1 are latched with the 
signal SELEN. The SELEN input should be an 
active low pulse. This active low pulse is generated 
in Western Digital VGA controllers during 110 writes 
to internal register 3C2h. 

Note: Only SELO and SEL 1 are latched with signal 
SELEN. 

2.3 OUTPUTS TO VGA CONTROLLER 

The outputs from the ICS90C61A to the VGA con
troller are: 

MCLK 

VCLK 

MCLK and VCLK are the two clock outputs to the 
VGA controller. 

ICS90C61A VGA INTERFACE 

2.4 ANALOG FILTERS 

The analog filters are integral to the ICS90C61 A 
device. No external components are required. This 
feature reduces PC board space requiremenrs and 
component costs. Phase jitter is reduced as exter
nally generated noise cannot easily influence the 
phase locked loop filter. 

2.5 USER DEFINABLE INPUTS 

The user definable inputs are: 

EXTCLK 

FCLKIN 

VCLKE, MCLKE 

MSELO-1 

VGATTL, FCLKSEL 

EXTCLK and FCLKSEL are additional inputs that 
may be internally routed to the VCLK output. The 
additional inputs are useful for supporting modes 
that require frequencies not provided by the 
ICS90C61A. 

VCLKE and MCLKE are the output enable signals 
for VCLK and MCLK. When low the respective 
output is tristated. 

MSELO-1 are the memory clock (MCLK) select 
lines. Table 1-2 shows how MCLK frequencies are 
selected. All signals in this group have internal 
pullup resistors. 

VGATTL and FCLKSEL are video clock (VCLK) 
select lines that can select additional VCLK fre
quencies. See Table 1-1. 
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2.6 POWER CONSIDERATIONS 

The ICS90C61A product requires an AVec supply 
free of fast rise time transients. This requirement 

+50 may be met in several ways and is highly dependent 
on the characteristics of the host system. A VGA C1 
adapter card is unique in that it must function in an }WF 

DVCC 

unknown environment. +5 volt power quality is not R1 
only dependent on the quality of the power supply 470Q 

resident in the host system, but also on the other +120 AVCC 
cards plugged into the host's backplane. Power C2 DGND AGND 
supply noise ranges from fair to terrible. As the VGA 111lF 
adapter manufacturer has no control over this, he 
must assume the worst. The best solution is to 
create a clean +5 volts by deriving it from the + 12 
volt supply by using a Zener diode and dropping 
resistor. A 470 ohm resistor and 4.7 volt Zener diode 
is the least costly way to accomplish this. A 0.047 
to 0.1 microfarad bypass capacitor tied from AVec 
to AGND insures good high frequency decoupling 
of this point. 

Laptop and notebook computers have entirely dif- R1 
ferent problems with power. Typically they have no 33Q 

DVCC 
+ 12 volt supply, however, they are much quieter +50 AVCC 
electrically. Because the designer has complete C3 
control of the system architecture, he can place 111lF 
sensitive components and systems such as the 
RAMDAC and Dual Video/Memory Clock away 
from DRAM and other noise generating com-
ponents. Most systems provide power that is clean 
enough to allow for jitter free Dual Video/Memory 
Clock performance if the +5 volt supply is 
decoupled with a 33 ohm resistor and 22 microfarad 
Tantalum capacitor. Avdd is not particularly sensi-
tive to supply voltage and will work fine at 4.1 volts 
over the full frequency range of the ICS90C61 A, so 
drop across the decoupling resistor is not a prob-
lem. Digital inputs that are desired to be held at a 
static logical high level should not be tied to +5 volts R1 
as this will result in excessive current drain through 33Q 
the ESD protection diode. The internal pullup resis- +50 AveC 

DVCC 
tors will adequately keep these inputs high. 

C3 
I11lF 

DGND AGND 
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ICS90C61 A-PR2 
FCLKSEL VGATTL SELO SEL1 VCLK 

FREQUENCY (MHz) 

1 0 0 0 REFCLK 
1 0 0 1 16.108 
1 0 1 0 32.216 
1 0 1 1 44.744 
1 1 0 0 25.057 
1 1 0 1 28.089 
1 1 1 0 EXTCLK* 
1 1 1 1 36.242 

0 X X X FCLKIN* 

TABLE 1-1. VCLK SELECTION 

* Note: 
FCLKIN and EXTCLK may be programmed to output custom frequencies up to 80 MHz in applications which require 
this capability. Custom frequencies in these addresses require a significant volume commitment and/or one-time 
mask charge. Contact ICS sales for details. 

ICS90C61 A-PR2 
MSEL1 MSELO MCLK FREQUENCIES (MHz) 

0 0 41.612 
0 1 37.585 
1 0 36.242 
1 1 44.744 

TABLE 1-2. MCLK SELECTION 
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EXTCLK 

REFCLK 

FCLKIN 

~ '" MUX L- VCLK 

SELEN -
PLL 

DIVIDER 

SELD I I 

SEL1 
I 

I 

VGATTL 
I 

I 

FCLKSEL 
I 

VCLKE 

PLL 
DIVIDER L MCLK 

MSELD I 

MSEL1 

MCLKE 

FIGURE 2-2. ICS90C61A FUNCTIONAL BLOCK DIAGRAM 
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ICS90C61A PIN DESCRIPTIONS 

3.0 PIN DESCRIPTIONS 
The following table provides the pin definitions for the 20-pin ICS90C61A packages. 

PIN PIN TYPE DESCRIPTION 
NUMBER SYMBOL 

1 REFCLK IN Reference input clock from system 

2 FCLKIN IN Feature clock input pin 

3 EXTCLK IN External clock input for an additional frequency 

4 SELO IN Control input for VCLK selection 

5 SEL1 IN Control input for VCLK selection 

6 SELEN IN Strobe for latchill9VSEL _(0,1 )(Low enable) 

7 VGATTL IN Control input for VCLK selection 

8 FCLKSEL IN Control input for FCLK selection 

9 MSELO IN Select input for MCLK selection 

10 DGND -- Ground for DiQital Circuit 

11 MSEL1 IN Select input for MCLK selection 

12 MCLK OUT Memory Clock Output 
13 N.C. -- No Connection 

14 MCLKE IN Enable input for MCLK output (high enables output) 

15 AVCC -- Power supply for analog circuit 

16 AGND -- Ground for analog circuit 

17 N.C. -- No Connection 
18 VCLKE IN Enable input for VCLK output (high enables output) 

19 VCLK OUT Video Clock Output 

20 DVCC -- Power supply for Digital Circuit 

TABLE 3-1. PIN DESCRIPTIONS 

Note: 
CLKI, EXTCLK, FCLKIN, SELO, SEL 1, VGATTL, FCLKSEL 
SELEN, MSELO, MSEL 1, VCLKE, & MCLKE - input pins have internal pullup resistors. 
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4.0 ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature OOC to 70°C 
under bias 
Storage temperature -40°C to 125°C 

Voltage on all inputs 0.5 to 7 Volts 
and outputs with 
respect to VSS 

Note: Stresses above those listed under Absolute 
Maximum Ratings may cause permanent damage 
to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional section of the specification is not implied. 
Exposure to absolute maximum rating conditions 
for extended periods may affect product reliability. 

4.2 D. C. CHARACTERISTICS 

SYMBOL PARAMETER 
VIL Input Low Voltage 

VIH Input High Voltage 

hH Input Leakage Current 

VOL Output Low Voltage 

VOH Output High Voltage 

lee SUQPly Current 
Rup Internal Pullup Resistors 

Cin Input Pin Capacitance 

Cout Output Pin Capacitance 

ICS90C61A 

4.1 STANDARD TEST CONDITIONS 

The characteristics below apply for the following 
standard test conditions, unless otherwise noted. 
All voltages are referenced to VSS (OV Ground). 
Positive current flows into the referenced pin. 

Operating Temperature OOC to 70°C 
Range 
Power Supply Voltage 4.75 to 5.25 Volts 

MIN MAX UNITS CONDITIONS 

Vss 0.8 V Vee = 5V 
2.0 Vee V Vee = 5V 
--- 20 JlA Vin = Vee 
--- 0.4 V IOL= 8.0mA 

2.4 --- V IOH = 4.0mA 
--- 30 mA Vee = 5V 
25 --- Kohm Vee = 5V 
--- 8 pF Fc = 1MHz 

--- 12 pF Fc = 1MHz 

TABLE 4-1. D.C. CHARACTERISTICS 
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ICS90C61A AC TIMING CHARACTERISTICS 

5.0 AC TIMING CHARACTERISTICS 
The following notes apply to all of the parameters presented in this section. 

1. REFCLK = 14.318 MHz 
2. te = 1/fe 
3. All units are in nanoseconds (ns). 
4. Maximum jitter within a range of 30 J.1s after 

triggering on a 400 MHz scope. 
5. Rise and fall time between 0.8 and 2.0 VDC. 
6. Output pin loading = 25 pF. 
7. Duty cycle measured at 1.4V. 

SYMBOL PARAMETER MIN MAX NOTES 
SELEN TIMING 

tpwen Enable Pulse Width 20 ---
tsuen Setup Time Data to Enable 20 ---
thden Hold Time Data to Enable 10 ---

Reference Input Clock 

tr Rise Time --- 10 Phase Jitter 1 ns max. 
tf Fall Time --- 10 Duty Cycle 42.5% min. 

to 57.5% max. 
MCLK and VCLK TIMINGS 

tr Rise Time --- 3 Phase Jitter 3 ns max. 
tf Fall Time --- 3 Duty Cycle 40% min. to 

60% max. 
--- Frequency Error 1.0 % 
--- Maximum Frequency 80 MHz 
--- Propagation Delay for --- 20 ns 

Pass Through Frequency 
--- Output Enable to tri-state --- 15 ns 

(into and out of) time 

TABLE 5-1. AC TIMING CHARACTERISTICS 
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ENABLE TIMING 

SELO V 
, 
~ 

SEL1 ~ /' I-' 

SELEN 

I 
I .. tpwen 

~ 
.. thden ... -- .... 

~ tsuen ... .... 

CLOCK WAVEFORM 

2.0V 

o.sv 

FIGURE 5-1. ICS9OC61A TIMINGS 
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6.0 PACKAGING INFORMATION 

,045 X45. 
1.143 

,050 
1.27 
TYP, 

,029±,003 
,737±,0761 

TYP, i 

---I ,200 REF '--- I 5,080 I 

PIN No.1 
IDENTIFY 

,353±,003 SQ ,390±,005 SQ 
8,966±,076 '9,906±.127 ' 

,018±,003 TYP 
[ ,457±,076 

r 

j 

---

,010±,003 
,254±,051 

,;nQ 
7,874 

.100±,005 
2,540±.127 

.172 
4,368 

INCHES 
DIMENSIONS ARE IN MILLIMETERS 

FIGURE 6-1. ICS90C61AV 20-PIN PLCC PACKAGE DIMENSIONS 
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PACKAGING INFORMATION 

Contact Integrated Circuit Systems for other package 
diagrams at the following address: 

Integrated Circuit Systems, Inc. 
Valley Forge Corporate Center 
2626 Van Buren Ave., P.O. Box 968 
Valley Forge, PA 19482 
Phone: (215) 666·1900 
Fax: (215) 666·1099 

RGURE 6·2. OTHER ICS PACKAGE DIMENSIONS 
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PREFACE 

PREFACE 
The Integrated Circuit Systems ICS90C63 dual 
video/memory clock generator was designed ex
clusively to work with Western Digital video 
graphics chips. 

Because you get optimum video subsystem perfor
mance when you use this video/memory clock gen
erator with Western Digital video graphics chips, we 
have included the ICS90C63 in our databook. 

You can contact Integrated Circuit Systems at the 
following address: 

Integrated Circuit Systems, Inc. 
Valley Forge Corporate Center 
2626 Van Buren Ave., P.O. Box 968 
Valley Forge, PA 19482 
Phone: (215) 666-1900 
Fax: (215) 666-1099 

1.0 INTRODUCTION 
The Integrated Circuit Systems ICS90C63 is a dual 
clock generator for VGA applications. It simul
taneously generates two clocks. One clock is for the 
video memory, and the other is the video dot clock. 

This data sheet supplies sales order information, a 
functional overview, signal pin details, a block 
diagram, AC/DC characteristics, timing diagrams, 
and package mechanical information. 

1.1 DESCRIPTION 

The Integrated Circuit Systems Video Graphics 
Array Clock Generator (ICS90C63) is capable of 
producing different output frequencies under 
firmware control. The video output frequency is 
derived from a 14.318 MHz system clock available 
in IBM PC/XT/AT and Personal System/2 com
puters. It is designed to work with Western Digital 

VSEL1 

VSELO 

SELEN 

VSEL2 

VSEL3 

4 

5 

6 

7 

8 

• 18 

17 

ICS90C63V 16 

::: 0 w z 
CIJ Cl 
::;;; 0 

15 

20-PIN PLCC DIAGRAM 

ICS90C63 

VCLKE 

VCAP 

AGND 

AVCC 

MCLKE 

Video Graphics Array and 8514/A devices to op
timize video subsystem performance. 

The video dot clock output may be one of 15 inter-
nally generated frequencies or one external input. II 
The selection of the video dot clock frequency is 
done through four inputs. 

VSELO 

VSEL1 

VSEL2 

VSEL3 

VSELO and VSEL 1 are latched by the SELEN 
signal. VSEL2 and VSEL3 are used as direct inputs 
to the VCLK selection. Table 1-1 is the truth table 
for VCLK selection. 

Copyright © 1991 Integrated Circuit Systems, Inc. Reprinted with permission of Integrated Circuit Systems, Inc. 

Integrated Circuit Systems reserves the right to make any changes in the circuitry or specifications at any time without notice and assumes 
no responsibility for the use of any circuits described herein and makes no representation that they are free from patent infringement. 
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The input and truth table have been designed to 
allow a direct connection to one of the many 
Western Digital VGA controllers or 8514/A chip 
sets. 

The MCLK output is one of eight internally 
generated frequencies as shown in Table 1-2. The 
various VCLK and MCLK frequencies are derived 
from the 14.318 MHz Input frequency. 

The VCLKE and MCLKE input can tristate the 
VCLK and MCLK outputs to facilitate board level 
testing. External filter components are attached to 
the MCAP and VCAP pins for the internal phase 
lock loops. 

1.2 FEATURES 

Dual Clock generator for the IBM compatible 
Western Digital Video Graphics Array (VGA) 
LSI devices, and 8514/A chip sets. 

Generates 15 video clock frequencies (in
cluding 25.175 and 28.322 MHz) derived 
from a 14.318 MHz system clock reference 
frequency. 

On-chip generation of eight memory clock 
frequencies. 

Video clock is selectable among the 15 inter
nally generated clocks and one external 
clock. 

CMOS technology. 

INTRODUCTION 

CLK1 

MSEL2 

EXTCLK 

VSEL1 

VSELO 

SELEN 

VSEL2 

VSEL3 

MSELO 

DGND 

• 

ICS90C63M 

20-PIN S.O.DIAGRAM 

DVCC 

VCLK 

VCLKE 

VCAP 

AGND 

AVCC 

MLKE 

MCAP 

MCLK 

MSEL1 

Backward compatibility to the WD90C61 
device. 

Available in a 20-pin PLCC, S.D., and DIP 
packages. 

Ordering Information 
ICS90C63V (PLCC Package) 
ICS90C63M (S.D. Package) 
ICS90C63N (DIP Package) 

Note: ICS90C63N (DIP) pinout is identical to ICS90C63M (S.O.) pinout. 
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ICS90C63 VGA INTERFACE ICS90C63 

2.0 ICS90C63 VGA INTERFACE 
The ICS90C63 has two system interfaces: System 
Bus and VGA Controller, as well as analog filters 
and seven user programmable inputs. Figure 2-1 
shows how the Integrated Circuit Systems VGA 
Clock ICS90C63 is connected to a VGA controller. 
Western Digital VGA controllers normally have a 
status bit that indicates to the VGA controller that it 

is working with a clock chip. When working with a 
clock chip the VGA controller changes two of its 
clock inputs VCLK1 and VCLK2 to outputs. These 
outputs are used to select the required video fre
quency. 

Note: 

33 
Vcc·~O-'-----~~---'----~~--~'-----------------------~ - l C1 R1.L C2 l C3 

I .11lF I221lF I·1 IlF 

- -
OVOO AVOO 13K 

I asc II-------f EXTCLK MCAP l l 
_'"-/---1 MSELO __ 160PF _~.001IlF 

~r../ __ -I MSEL 1 
10-'-/ __ -' MSEL2 

I..-.r../ __ -, VCLKE 
I..-.r../ __ -, MCLKE 

T --160PF -T-·OO1!lF 

VCAP I--...... .;v.,'-----I 

---""'- VSEL3 
-==-

MCLK-
VCLK -

ICS90C63 
r-c.CTiLK<1-----I CLKI 

02 1--_----1 VSELO 
03 1-e,...;-----1 VSEL 1 

:a: 
w 
til(/) 
>-:::l 
(/)CO 

;-- VSEL2 
,..... SELEN 

- VCLK1 
- VCLK2 

1..-._-/ 02 
'-------I 03 

VCLKO --

MCLK _ 

WD90C30 

FIGURE 2-1. ICS90C63 INTERFACE 

13K 

C3 should be placed as close as possible to the ICS90C63 AVDD pin 
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2.1 SYSTEM BUS INPUTS 

The system bus inputs are: 

CLK1 

VSELO 

VSEL1 

The ICS90C63 uses the system bus 14.318 MHz 
clock as a reference to generate all its frequencies 
for both video and memory clocks. Data lines 02 
and 03 are commonly used as inputs to VSELO and 
VSEL 1 for video frequency selection. 

2.2 INPUTS FROM VGA CONTROLLER 

The VGA controller input the the ICS90C63 is: 

SELEN 

The ICS90C63 is programmed to generate different 
video clock frequencies using the inputs of VSELO, 
VSEL 1, VSEL2, and VSEL3. The signals VSEL2 
and VSEL3 may be supplied by the VGA controller 
as is the case in Western Digital VGA controllers. 
The inputs VSELO-1 are latched with the signal 
SELEN. The SELEN input should be an active low 
pulse. This active low pulse is generated in Western 
Digital VGA controllers during liD writes to internal 
register 3C2h. 

Note: Only VSELO and VSEL 1 are latched with 
signal SELEN. 

2.3 OUTPUTS TO VGA CONTROLLER 

The outputs from the ICS90C63 to the VGA control
ler are: 

MCLK 

VCLK 

MCLK and VCLK are the two clock outputs to the 
VGA controller. 

ICS90C63 VGA INTERFACE 

2.4 ANALOG FILTERS 

The analog filters are: 

MCAP 

VCAP 

These connections are for the analog filters. The 
component values of the filters are critical. Care 
must be taken to ensure proper values over the 
entire operating range desired for the final product. 
Figure 2-1 shows the filter circuit. The capacitor 
tolerances are ±20%. The resistor tolerance is ±2%. 

2.5 USER DEFINABLE INPUTS 
The user definable inputs are: 

EXTCLK 

VCLKE, MCLKE 

MSELO-2 

VSEL2, VSEL3 

EXTCLK is an additional input that may be internally 
routed to the VCLK output. This additional input is 
useful for supporting modes that require frequen
cies not provided by the ICS90C63. 

VCLKE and MCLKE are the output enable signals 
for VCLK and MCLK. When low the respective 
output is tristated. 

MSELO-2 are the memory clock (MCLK) select 
lines. Table 1-2 shows how MCLK frequencies are 
selected. All signals in this group have internal 
pullup resistors. 

VSEL2 and VSEL3 are video clock (VCLK) select 
lines that can select additional VCLK frequencies. 
See Table 1-1. 

VSEL2 and VSEL3 have internal pull ups. 
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ICS90C63 VGA INTERFACE 

2.6 POWER CONSIDERATIONS 

The ICS90C63 product requires an Avdd supply 
free of fast rise time transients. This requirement 
may be met in several ways and is highly dependent 
on the characteristics of the host system. A VGA 
adapter card is unique in that it must function in an 
unknown environment. +5 volt power quality is not 
only dependent on the quality of the power supply 
resident in the host system, but also on the other 
cards plugged into the host's backplane. Power 
supply noise ranges from fair to terrible. As the VGA 
adapter manufacturer has no control over this, he 
must assume the worst. The best solution is to 
create a clean +5 volts by deriving it from the + 12 
volt supply by using a Zener diode and dropping 
resistor. A470 ohm resistor and 5.1 volt Zener diode 
is the least costly way to accomplish this. A 0.047 
to 0.1 microfarad bypass capacitor tied from Avdd 
to Avss insures good high frequency decoupling of 
this point. 

Laptop and notebook computers have entirely dif
ferent problems with power. Typically they have no 
+ 12 volt supply, however, they are much quieter 
electrically. Because the designer has complete 
control of the system architecture, he can place 
sensitive components and systems such as the 
RAMDAC and Dual Video/Memory Clock away 
from DRAM and other noise generating com
ponents. Most systems provide power that is clean 
enough to allow for jitter free Dual Video/Memory 
Clock performance if the +5 volt supply is 
decoupled with a 33 ohm resistor and 22 microfarad 
Tantalum capacitor. Avdd is not particularly sensi
tive to supply voltage and will work fine at 4.1 volts 
over the full frequency range of the ICS90C63, so 
drop across the decoupling resistor is not a prob
lem. Digital inputs that are desired to be held at a 
static logical high level should not be tied to +5 volts 
as this will result in excessive current drain through 
the ESD protection diode. The internal pullup resis
tors will adequately keep these inputs high. 

+50 

+120 

+50 

11/15/91 
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C1 ,---------'---, 
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C3 VSS, AVSS IWF 

10-5 

II 



ICS90C63 IC590C63 VGA INTERFACE 

VSEL 
3 2 1 0 VCLK 

FREQUENCY (MHz) 
0 0 0 0 30.0 
0 0 0 1 77.25 
0 0 1 0 EXTCLK 
0 0 1 1 80.0 
0 1 0 0 31.5 
0 1 0 1 36.0 
0 1 1 0 75.0 
0 1 1 1 50.0 
1 0 0 0 40.0 
1 0 0 1 50.0 
1 0 1 0 32.0 
1 0 1 1 44.9 
1 1 0 0 25.175 
1 1 0 1 28.322 
1 1 1 0 65.0 
1 1 1 1 36.0 

TABLE 1-1. VCLK SELECTION 

MSEL 
2 1 0 MCLK FREQUENCIES (MHz) 
0 0 0 33.0 
0 0 1 50.0 
0 1 0 60.0 
0 1 1 30.5 
1 0 0 40.0 
1 0 1 37.5 
1 1 0 36.0 
1 1 1 44.9 

TABLE 1-2. MCLK SELECTION 
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ICS90C63 VGA INTERFACE ICS90C63 

EXTCLK 

CLKI ~ 
VCLK 

MUX 
SELEN ---c PLL 

DIVIDER 

VCAP- J I 
VSELO I I 
VSEL1 
VSEL2 

VSEL3 

VCLKE 

PLL 
MCAP DIVIDER .. 

MSELO I 

MCLK 

• MSEL1 
MSEL2 

MCLKE 

FIGURE 2-2. ICS90C63 FUNCTIONAL BLOCK DIAGRAM 
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ICS90C63 PIN DESCRIPTIONS 

3.0 PIN DESCRIPTIONS 
The following table provides the pin definitions for the 20-pin ICS90C63 package. 

PIN PIN TYPE DESCRIPTION 
NUMBER SYMBOL 

1 CLK1 IN Reference input clock from system 

2 MSEL2 IN Select input for MCLK selection 

3 EXTCLK IN External clock in(lut for an additional freQuency 

4 VSEL1 IN Control input for VCLK selection 

5 VSELO IN Control input for VCLK selection 

6 SELEN IN Strobe for latching VSEL (0,1 )(Low enable) 

7 VSEL2 IN Control input for VCLK selection 

8 VSEL3 IN Control input for VCLK selection 

9 MSELO IN Select input for MCLK selection 

10 DGND -- Ground for Digital Circuit 
11 MSEL1 IN Select input for MCLK selection 

12 MCLK OUT Memory Clock Output 
13 MCAP IN External filter connection for MCLK Qeneration 

14 MCLKE IN Enable input for MCLK output (hiah enables output) 

15 AVCC -- Power supply for analoQ circuit 

16 AGND -- Ground for analoQ circuit 
17 VCAP IN External filter connection for VCLK generation 

18 VCLKE IN Enable input for VCLK output (high enables output) 

19 VCLK OUT Video Clock Output 
20 DVCC -- Power supply for Digital Circuit 

TABLE 3-1. PIN DESCRIPTIONS 

Note: 
CLKI, EXTCLK, VSELO, VSEL1, VSEL2, VSEL3 
SELEN, MSELO, MSEL 1, MSEL2, VCLKE, & MCLKE - input pins have internal pullup resistors. 
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ABSOLUTE MAXIMUM RA TlNGS 

4.0 ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature OOC to 70°C 
under bias 
Storage temperature -40°C to 125°C 

Voltage on all inputs 0.5 to 7 Volts 
and outputs with 
respect to VSS 

Note: Stresses above those listed under Absolute 
Maximum Ratings may cause permanent damage 
to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional section of the specification is not implied. 
Exposure to absolute maximum rating conditions 
for extended periods may affect product reliability. 

4.2 D. C. CHARACTERISTICS 

SYMBOL PARAMETER 
VIL Input Low Voltage 

VIH Input High Voltage 

hH Input Leakage Current 

VOL Output Low Voltage 

VOH Output High Voltage 

lee Supply Current 

Rup Internal Pullup Resistors 

Cin Input Pin Capacitance 

Cout Output Pin Capacitance 

ICS90C63 

4.1 STANDARD TEST CONDITIONS 

The characteristics below apply for the following 
standard test conditions, unless otherwise noted. 
All voltages are referenced to VSS (OV Ground). 
Positive current flows into the referenced pin. 

Operating Temperature OOC to 70°C 
Range 

Power Supply Voltage 4.75 to 5.25 Volts 

MIN MAX UNITS CONDITIONS 
Vss 0.8 V Vee = 5V 
2.0 Vee V Vee = 5V 
--- 20 IlA Vin = Vee 
--- 0.4 V IOL = 8.0mA 
2.4 --- V IOH= 4.0mA 
--- 30 mA Vee = 5V 
25 --- Kohm Vee = 5V 
--- 8 pF Fe = 1MHz 

--- 12 pF Fc=1MHz 

TABLE 4-1. D.C. CHARACTERISTICS 

11/15/91 10-9 
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ICS90C63 AC TIMING CHARACTERISTICS 

5.0 AC TIMING CHARACTERISTICS 
The following notes apply to all of the parameters presented in this section. 

1. REFCLK= 14.318 MHz 
2. tc = 1/fc 
3. All units are in nanoseconds (ns). 
4. Maximum jitter within a range of 30 Ils after 

triggering on a 400 MHz scope. 
5. Rise and fall time between 0.8 and 2.0 VDC. 
6. Output pin loading = 25 pF. 
7. Duty cycle measured at 1.4V. 

SYMBOL PARAMETER MIN MAX NOTES 
SELEN TIMING 

tpwen Enable Pulse Width 20 ---
tsuen Setup Time Data to Enable 20 ---
thden Hold Time Data to Enable 10 ---

Reference Input Clock 
tr Rise Time --- 10 Phase Jitter 1 ns max. 
tl Fall Time --- 10 Duty Cycle 42.5% min. 

to 57.5% max. 
MCLK and VCLK TIMINGS 

tr Rise Time --- 3 Phase Jitter 3 ns max. 
tl Fall Time --- 3 Duty Cycle 40% min. to 

60% max. 
--- Frequency Error 0.5 % 
--- Maximum Frequency 80 MHz 
--- Propagation Delay for --- 20 ns 

Pass Through Frequency 
--- Output Enable to tri-state --- 15 ns 

I (into and out of) time 

TABLE 5-1. AC TIMING CHARACTERISTICS 
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AC TIMING CHARACTERISTICS 

VSELO 
VSEL1 

SELEN 

2.0V 

O.8V 

v 
~ 

.... 

ICS90C63 

ENABLE TIMING 

"- r-.... 
./ '" 

I 
I .. t pwen 

~ 
.... thden .. 
...... ... 

tsuen ... ... 

CLOCK WAVEFORM 

II 

FIGURE 5-1. ICS90C63 TIMINGS 
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ICS90C63 PACKAGING INFORMA TION 

6.0 PACKAGING INFORMATION 

.762 IDENTIFY .045 X45' .030 DIA PIN No.1 I 
--L---t ~~------r-!1.143 

.045 X4S • ] n 
1.143 

.050 
1.27 
TYP. 

.029±.003 
.737±.0761 

TYP . ...l 

.353+.003 SQ .390±.005 SQ. 
8.966±.076 . 9.906±.127 

u 
-j 5~~JO REF I-

,018+.003 TYP 
[ .457±.076 

r 

j 

.010±.003 
.254±.051 

,..3jQ 
7.874 

.100±.005 
2.540±.127 

.172 
4.368 

1 INCHES 
DIMENSIONS ARE IN MILLIMETERS 

FIGURE 6-1. ICS90C63V 20-PIN PLCC PACKAGE DIMENSIONS 
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PACKAGING INFORMATION 

Contact Integrated Circuit Systems for other package 
diagrams at the following address: 

Integrated Circuit Systems, Inc. 
Valley Forge Corporate Center 
2626 Van Buren Ave., P.O. Box 968 
Valley Forge, PA 19482 
Phone: (215) 666·1900 
Fax: (215) 666·1099 

FIGURE 6·2. OTHER ICS PACKAGE DIMENSIONS 
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PREFACE 

PREFACE 
The Integrated Circuit Systems ICS90C64 dual 
video/memory clock generator was designed ex
clusively to work with Western Digital video 
graphics chips. 

Because you get optimum video subsystem perfor
mance when you use this video/memory clock gen
erator with the Western Digital video graphics 
chips, we have included the ICS90C64 in our 
databook. 

You can contact Integrated Circuit Systems at the 
following address: 

Integrated Circuit Systems, Inc. 
Valley Forge Corporate Center 
2626 Van Buren Ave., P.O. Box 968 
Valley Forge, PA 19482 
Phone: (215) 666-1900 
Fax: (215) 666-1099 

1.0 INTRODUCTION 
The Integrated Circuit Systems ICS90C64 is a dual 
clock generator for VGA applications. It simul
taneously generates two clocks. One clock is forthe 
video memory, and the other is the video dot clock. 

This data sheet supplies sales order information, a 
functional overview, signal pin details, a block 
diagram, AC/DC characteristics, timing diagrams, 
and package mechanical information. 

1.1 DESCRIPTION 

The Integrated Circuit Systems Video Graphics 
Array Clock Generator (ICS90C64) is capable of 
producing different output frequencies under 
firmware control. The video output frequency is 
derived from a 14.318 MHz system clock available 
in IBM PC/XT/AT and Personal System/2 com
puters. It is designed to work with Western Digital 

VSELI 4 

VSELO 5 

SELEN 6 

VSEL2 7 

VSEL3 8 

::.::: 
...J ::J 0 0 ::.::: 
I- ill sz 0 ...J 
X (f) ...J > 0 
ill :2 0 0 > 

• 18 

17 

ICS90C64V 16 

~ 0 
ill Z 
(f) t9 
:2 0 

15 

14 

20-PIN PLCC DIAGRAM 

ICS90C64 

VCLKE 

N.C. 

AGND 

AVCC 

MCLKE 

Video Graphics Array and 8514/A devices to op
timize video subsystem performance. 

The video dot clock output may be one of 15 inter
nally generated frequencies or one external input. 
The selection of the video dot clock frequency is 
done through four inputs. 

VSELO 

VSEL1 

VSEL2 

VSEL3 

VSELO and VSEL 1 are latched by the SELEN 
signal. VSEL2 and VSEL3 are used as direct inputs 
to the VCLK selection. Table 1-1 is the truth table 
for VCLK selection. 

Copyright © 1991 Integrated Circuit Systems, Inc. Reprinted with permission of Integrated Circuit Systems, Inc. 

Integrated Circuit Systems reserves the right to make any changes in the circuitry or specifications at any time without notice and assumes 
no responsibility for the use of any circuits described herein and makes no representation that they are free from patent infringement. 
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ICS90C64 

The input and truth table have been designed to 
allow a direct connection to one of the many 
Western Digital VGA controllers or 8514/A chip 
sets. 

The MCLK output is one of eight internally 
generated frequencies as shown in Table 1-2. The 
various VCLK and MCLK frequencies are derived 
from the 14.318 MHz Input frequency. 

The VCLKE and MCLKE input can tristate the 
VCLK and MCLK outputs to facilitate board level 
testing. 

1.2 FEATURES 

Dual Clock generator for the IBM compatible 
Western Digital Video Graphics Array (VGA) 
LSI devices, and 8514/A chip sets. 

Integral loop filter components. Reduces 
cost and phase jitter. 

Generates 15 video clock frequencies (in
cluding 25.175 and 28.322 MHz) derived 
from a 14.318 MHz system clock reference 
frequency. 

On-chip generation of eight memory clock 
frequencies. 

Video clock is selectable among the 15 inter
nally generated clocks and one external 
clock. 

CMOS technology. 

INTRODUCTION 

• CLK1 DVCC 

MSEL2 VCLK 

EXTCLK VCLKE 

VSEL1 N.C. 

VSELO ICS90C64M AGND 

SELEN AVCC 

VSEL2 MLKE 

VSEL3 N.C. 

MSELO MLCK 

DGND MSEL1 

20-PIN S.O.DIAGRAM 

Backward compatibility to the WD90C63 and 
WD90C61 device. 

Available in a 20-pin PLCC, S.O., and DIP 
packages. 

Ordering Information 
ICS90C64V (PLCC Package) 
ICS90C64M (S.O. Package) 
ICS90C64N (DIP Package) 

Note: ICS90C64N (DIP) pinout is identical to ICS90C64M (S.D.) pinout. 
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ICS90C64 VGA INTERFACE 

2.0 ICS90C64 VGA INTERFACE 
The ICS90C64 has two system interfaces: System 
Bus and VGA Controller, as well as analog filters 
and seven user programmable inputs. Figure 2-1 
shows how the Integrated Circuit Systems VGA 
Clock ICS90C64 is connected to a VGA controller. 
Western Digital VGA controllers normally have a 
status bit that indicates to the VGA controller that it 

I osc I 

ICS90C64 

is working with a clock chip. When working with a 
clock chip the VGA controller changes two of its 
clock inputs VCLK1 and VCLK2 to outputs. These 
outputs are used to select the required video fre
quency. 

DVOO AVOO 
EXTCLK 

j MSELO 
j 

MSEL1 
.." MSEL2 

.,- VCLKE 

.,-
MCLKE 

~- VSEL3 MCLK -
-=J:?- VCLK -

Note: 

CLK 
02 

03 

ICS90C64 
CLKI 

VSELO 
VSEL1 

r-- VSEL2 
r- SELEN 

'- VCLK1 
'-- VCLK2 

'--_-1 02 
'-----t 03 

VCLKO I--

MCLK r-
VGA 

FIGURE 2-1. ICS90C641NTERFACE 

C3 should be placed as close as possible to the ICS90C64 AVDD pin 
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ICS90C64 

2.1 SYSTEM BUS INPUTS 

The system bus inputs are: 

CLK1 

VSELO 

VSEL1 

The ICS90C64 uses the system bus 14.318 MHz 
clock as a reference to generate all its frequencies 
for both video and memory clocks. Data lines D2 
and D3 are commonly used as inputs to VSELO and 
VSEL 1 for video frequency selection. 

2.2 INPUTS FROM VGA CONTROLLER 
The VGA controller input the the ICS90C64 is: 

SELEN 

The ICS90C64 is programmed to generate different 
video clock frequencies using the inputs of VSELO, 
VSEL 1, VSEL2, and VSEL3. The signals VSEL2 
and VSEL3 may be supplied by the VGA controller 
as is the case in Western Digital VGA controllers. 
The inputs VSELO-1 are latched with the signal 
SELEN. The SELEN input should be an active low 
pulse. This active low pulse is generated in Western 
Digital VGA controllers during I/O writes to internal 
register 3C2h. 

Note: Only VSELO and VSEL 1 are latched with 
signal SELEN. 

2.3 OUTPUTS TO VGA CONTROLLER 

ICS90C64 VGA INTERFACE 

2.4 ANALOG FILTERS 

The analog filters are integral to the ICS90C64 
device. No external components are required. This 
feature reduces PC board space requirements and 
component costs. Phase jitter is reduced as exter
nally generated noise cannot easily influence the 
phase locked loop filter. 

2.5 USER DEFINABLE INPUTS 

The user definable inputs are: 

EXTCLK 

VCLKE, MCLKE 

MSELO-2 

VSEL2, VSEL3 

EXTCLK is an additional input that may be internally 
routed to the VCLK output. This additional input is 
useful for supporting modes that require frequen
cies not provided by the ICS90C64. 

VCLKE and MCLKE are the output enable signals 
for VCLK and MCLK. When low the respective 
output is tristated. 

MSELO-2 are the memory clock (MCLK) select 
lines. Table 1-2 shows how MCLK frequencies are 
selected. All signals in this group have internal 
pullup resistors. 

VSEL2 and VSEL3 are video clock (VCLK) select 
lines that can select additional VCLK frequencies. 
See Table 1-1. 

The outputs from the ICS90C64 to the VGA control- VSEL2 and VSEL3 have internal pull ups. 
ler are: 

MCLK 

VCLK 

MCLK and VCLK are the two clock outputs to the 
VGA controller. 
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ICS90C64 VGA INTERFACE ICS90C64 

2.6 POWER CONSIDERATIONS 

The ICS90C64 product requires an Avdd supply 
free of fast rise time transients. This requirement 

+50 may be met in several ways and is highly dependent 
on the characteristics of the host system. A VGA C1 
adapter card is unique in that it must function in an 11~ DVDD 

unknown environment. +5 volt power quality is not R1 
only dependent on the quality of the power supply 4700 

resident in the host system, but also on the other +120 AVDD 

cards plugged into the host's backplane. Power C2 VSS, AVSS 
supply noise ranges from fair to terrible. As the VGA J1f.lF 
adapter manufacturer has no control over this, he 
must assume the worst. The best solution is to 
create a clean +5 volts by deriving it from the + 12 
volt supply by using a Zener diode and dropping 
resistor. A 470 ohm resistor and 5.1 volt Zener diode 
is the least costly way to accomplish this. A 0.047 
to 0.1 microfarad bypass capacitor tied from Avdd 
to Avss insures good high frequency decoupling of 
this point. 

Laptop and notebook computers have entirely dif- R1 
ferent problems with power. Typically they have no 330 

DVDD 
+ 12 volt supply, however, they are much quieter +50 AVDD 

electrically. Because the designer has complete C3 
control of the system architecture, he can place T1f.lF 
sensitive components and systems such as the 
RAMDAC and Dual Video/Memory Clock away 

VSS, AVSS 
from DRAM and other noise generating com-
ponents. Most systems provide power that is clean 
enough to allow for jitter free Dual Video/Memory 
Clock performance if the +5 volt supply is 
decoupled with a 33 ohm resistor and 22 microfarad 

• Tantalum capacitor. Avdd is not particularly sensi-
tive to supply voltage and will work fine at 4.1 volts 
over the full frequency range of the ICS90C64, so 
drop across the decoupling resistor is not a prob-
lem. Digital inputs that are desired to be held at a 
static logical high level should not be tied to +5 volts R1 
as this will result in excessive current drain through 330 
the ESD protection diode. The internal pullup resis- +50 AVDD 

DVOD 

tors will adequately keep these inputs high. 
C3 

I1f.lF 

VSS,AVSS 
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ICS90C64 ICS90C64 VGA INTERFACE 

VSEL 
3 2 1 0 VCLK 

FREQUENCY (MHz) 
0 0 0 0 30.0 
0 0 0 1 77.25 
0 0 1 0 EXTCLK 
0 0 1 1 80.0 
0 1 0 0 31.5 
0 1 0 1 36.0 
0 1 1 0 75.0 
0 1 1 1 50.0 
1 0 0 0 40.0 
1 0 0 1 50.0 
1 0 1 0 32.0 
1 0 1 1 44.9 
1 1 0 0 25.175 
1 1 0 1 28.322 
1 1 1 0 65.0 
1 1 1 1 36.0 

TABLE 1·1. VCLK SELECTION 

MSEL 
2 1 0 MCLK FREQUENCIES(MHz} 
0 0 0 33.0 
0 0 1 49.218 
0 1 0 60.0 
0 1 1 30.5 
1 0 0 41.612 
1 0 1 37.5 
1 1 0 36.0 
1 1 1 44.296 

TABLE 1·2. MCLK SELECTION 
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ICS90C64 VGA INTERFACE ICS90C64 

EXTCLK 

CLKI 
r--.. 
I- VCLK 

MUX 
SELEN --C PLL 

DIVIDER 

VCAP- I I 
VSELO I I 
VSEL1 

VSEL2 

VSEL3 

VCLKE 

PLL 
MCAP DIVIDER ~ ....... MCLK 

MSELO I 

MSEL1 

MSEL2 

MCLKE • 
FIGURE 2-2. ICS90C64 FUNCTIONAL BLOCK DIAGRAM 
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ICS90C64 PIN DESCRIPTIONS 

3.0 PIN DESCRIPTIONS 
The following table provides the pin definitions for the 20-pin ICS90C64 package. 

PIN PIN TYPE DESCRIPTION 
NUMBER SYMBOL 

1 CLK1 IN Reference input clock from system 

2 MSEL2 IN Select input for MCLK selection 

3 EXTCLK IN External clock input for an additional frequency 

4 VSEL1 IN Control input for VCLK selection 

5 VSELO IN Control input for VCLK selection 

6 SELEN IN Strobe for latching VSEL(0,1 )(Low enable) 

7 VSEL2 IN Control input for VCLK selection 

8 VSEL3 IN Control input for VCLK selection 

9 MSELO IN Select input for MCLK selection 

10 DGND -- Ground for DiQital Circuit 

11 MSEL1 IN Select input for MCLK selection 

12 MCLK OUT Memory Clock Output 

13 N.C. -- No connection 

14 MCLKE IN Enable input for MCLK output (high enables output) 

15 AVCC -- Power supply for analog circuit 

16 AGND -- Ground for analog circuit 

17 N.C. -- No connection 

18 VCLKE IN Enable input for VCLK output (high enables output) 

19 VCLK OUT Video Clock Output 

20 DVCC -- Power supply for DiQital Circuit 
TABLE 3·1. PIN DESCRIPTIONS 

Note: 
CLKI, EXTCLK, VSELO, VSEL 1, VSEL2, VSEL3 
SELEN, MSELO, MSEL 1, MSEL2, VCLKE, & MCLKE - input pins have internal pull up resistors. 
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ABSOLUTE MAXIMUM RA T1NGS 

4.0 ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature OOC to 70°C 
under bias 
Storage temperature -40°C to 125°C 
Voltage on all inputs 0.5 to 7 Volts 
and outputs with 
respect to VSS 

Note: Stresses above those listed under Absolute 
Maximum Ratings may cause permanent damage 
to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional section of the specification is not implied. 
Exposure to absolute maximum rating conditions 
for extended periods may affect product reliability. 

4.2 D. C. CHARACTERISTICS 

SYMBOL PARAMETER 

VIL Input Low Voltage 

VIH Input High Voltage 

hH Input Leakage Current 

VOL Ou~ut Low Voltage 

VOH Output High Voltage 

lee Supply Current 
Rup Internal Pull up Resistors 

Cin Input Pin Capacitance 

Cout Output Pin Capacitance 

ICS90C64 

4.1 STANDARD TEST CONDITIONS 

The characteristics below apply for the following 
standard test conditions, unless otherwise noted. 
All voltages are referenced to VSS (OV Ground). 
Positive current flows into the referenced pin. 

Operating Temperature OOC to 70°C 
Range 
Power Supplv Voltage 4.75 to 5.25 Volts 

MIN MAX UNITS CONDITIONS 

Vss 0.8 V Vee'" 5V 
2.0 Vee V Vee = 5V 

--- 20 uA Vin '" Vee 
--- 0.4 V IOL= 8.0mA 
2.4 --- V IOH=4.0mA 

--- 30 rnA Vee",5V 

25 --- Kohm Vee",5V 

--- 8 pF Fc= 1MHz 

--- 12 pF Fc= 1MHz 
TABLE 4-1. D.C. CHARACTERISTICS 
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ICS90C64 AC TIMING CHARACTERISTICS 

5.0 AC TIMING CHARACTERISTICS 
The following notes apply to all of the parameters presented in this section. 

1. REFCLK= 14.318 MHz 
2. tc = 1/fc 
3. All units are in nanoseconds (ns). 
4. Maximum jitter within a range of 30 Ils after 

triggering on a 400 MHz scope. 
5. Rise and fall time between 0.8 and 2.0 VDC. 
6. Output pin loading = 25 pF. 
7. Duty cycle measured at 1.4V. 

SYMBOL PARAMETER MIN MAX NOTES 
SELEN TIMING 

tpwen Enable Pulse Width 20 ---
tsuen Setup Time Data to Enable 20 ---
thden Hold Time Data to Enable 10 ---

Reference Input Clock 

tr Rise Time --- 10 Phase Jitter 1 ns max. 
tl Fall Time --- 10 Duty Cycle 42.5% min. 

to 57.5% max. 
MCLK and VCLK TIMINGS 

tr Rise Time --- 3 Phase Jitter 3 ns max. 
tl Fall Time --- 3 Duty Cycle 40% min. to 

60% max. 
--- Frequency Error 0.5 % 
--- Maximum Frequency 80 MHz 
--- Propagation Delay for --- 20 ns 

Pass Through Frequency 
--- Output Enable to tristate 

I (into and out of) time 
--- 15 ns 

TABLE 5-1. AC TIMING CHARACTERISTICS 
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AC TIMING CHARACTERISTICS 
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ICS90C64 PACKAGING INFORMA T/ON 

6.0 PACKAGING INFORMATION 

,030 DIA PIN No.1 1 ,762 IDENTIFY 045 X45' 

~t _~u:::c::::;,:===~11.143 
,045 X45 ' ] n 

1.143 

,050 
1.27 
TYP, 

,029±,003 
,737±,0761 

TYP, i 

--l ,200 REF I--- I 5,080 I 

,353±,003 SQ ,390±,005 SQ, 
8,966±,076 '9,906±.127 

,0IS±,003 TYP 
[ .457±,076 

r 

j 

---

,01O±,003 
,254±,051 

dill 
7,874 

.lOO±,005 
2,540±.l27 

.172 
4.368 

1 INCHES 
DIMENSIONS ARE IN MILLIMETERS 

FIGURE 6·1. ICS90C64V 20·PIN PLCC PACKAGE DIMENSIONS 
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PACKAGING INFORMATION 

Contact Integrated Circuit Systems for other package 
diagrams at the following address: 

Integrated Circuit Systems, Inc. 
Valley Forge Corporate Center 
2626 Van Buren Ave., P.O. Box 968 
Valley Forge, PA 19482 
Phone: (215) 666-1900 
Fax: (215) 666-1099 

FIGURE 6-2. OTHER ICS PACKAGE DIMENSIONS 
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INTRODUCTION 

1.0 INTRODUCTION 
Many applications require greater graphics 
capability than is available through the IBM 
Monochrome Display Adapter (MDA), Color 
Graphics Adapter (CGA), Enhanced Graphics 
Adapter (EGA), Multi Color Graphics Array 
(MCGA), and the Video Graphics Array (VGA). 
The WDI WD90COO is a 1.25 micron, 15,000 
gate CMOS VLSI device that fulfills this need and 
allows for the design of very high performance 
VGA graphics subsystems that are able to inter
face with the PC/AT Bus, as well as the IBM 
Micro Channel Bus, while maintaining backwards 
compatibility with previous video standards. 

A major advantage of using the WD90COO is that 
designs implementing this graphics controller will 
be able to run applications requiring MDA, CGA, 
EGA, Hercules graphics, AT&T (640 by 400 
graphics mode), VGA hardware and BIOS level 
compatibility on analog and TTL monitors. In ad
dition, it includes full support for running ex
tended high resolution 1024 by 768 by 16 colors 
interlaced graphics mode on 8514 Color Dis
plays. A Noninterlaced 1024 by 768 by 16 colors 
graphics mode requires external circuitry along 
with a 56 MHz MCLK and 80 ns DRAMs. 

1.1 FEATURES 

• Provides single chip Video Graphics 
Solution for IBM PC/XT/AT and Personal 
System/2 compatible systems 

• 100% hardware compatible with IBM'sVGA 
card in all modes 

• 100% EGA, CGA, MDA, Hercules Graphics, 
AT&T Model 6300 compatible 

• Integrated bus interface for PC/XT/AT, and 
Micro Channel 

• 800 by 600 x 16 colors, 640 by 400 x 256 
colors 

• 640 by 480 x 256 colors (512 Kbytes DRAM) 
• 800 by 600 x 256 colors (512 Kbytes DRAM) 
• 1024 by 768 x 16 colors interlaced graphics 

mode support - 8514 monitor compatible 

10-25-90 
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• 1024 by 768 x 16 colors noninterlaced with 
external logic 

• 132 column text modes, with 25, 43, or 50 
rows 

• Up to four simultaneous displayable fonts 
• Special register locking for flat panel 

applications 
• Lockable palette, RAMDAC, and overscan 

registers 
• Display memory offset registers to control 4 

Kbyte windows or 64 Kbyte windows 

• Provides adapter video BIOS ROM 
decoding 

• True 7,8, g, 10, and 16 pixel wide fonts 
• Supports up to 1 Mbyte display memory 

addressing 
• Load up to 16 fonts 
• Special underlining in color text mode 
• Two additional bits for a total of 18 address 

bits for cursor location and start address 
• Special double scanning 
• Special display enable or blanking output 

signal 
• Special border disable 
• Page mode addressing for CRTC refresh 

cycles 
• High performance FIFO memory 

architecture 
• Includes 8- or 16-bit wide CPU data bus 
• Support for external color lookup table 

(Palette Chip) with 256K available colors 
• Pin for pin compatible with the PVGA1A (AT 

bus mode) II 
• Enhanced virtual VGA support 
• Up to 45 MHz maximum video clock rate 
• Up to 56 MHz maximum memory clock rate 
• 1.25 micron CMOS VLSI technology 
• 100-pin Plastic Leadless Chip Carrier 

(PLCC) or Plastic Quad Flat Pack (PQFP) 
JEDEC package 

• Minimizes circuit board space requirements 
and lowers system cost 

12-1 



WD90COO 

1.2 DESCRIPTION 

The Western Digital Imaging (WDI) WD90COO is 
a 1.25 micron, 15,000 gate CMOS VLSI device 
designed to implement the IBM Personal Sys
tem/2 Standard video modes along with all of the 
popular modes used in the IBM PC/AT family. 
The WD90COO is designed to offer more improve
ments for a wider range of applications. These 

ORIENTATION MAR 
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enhancements include additional extended PR 
registers for EGA register level compatibility for 
analog and TTL monitors, high resolution inter
laced graphics support, improved bus interface 
design, and an improved memory and video inter
face for higher performance. 
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FIGURE 1. PLCC AND PQFP PIN DIAGRAMS 
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PIN SIGNAL PIN SIGNAL PIN SIGNAL PIN SIGNAL 
1 GND 26 GND 51 GND 76 MCLK 
2 MD4 27 A18 52 VCC 77 GND 
3 MD3 28 A19 53 VID4 78 VCC 
4 MD2 29 lOR 54 VID3 79 RAS10 
5 MD1 30 lOW 55 VID2 80 CAS10 
6 MDO 31 MRD 56 VID1 81 OE10 
7 EBROM 32 MWR 57 VIDO 82 RAS32 
8 DS16 33 EIO 58 WPLT 83 CAS32 
9 BHE 34 RDY 59 PCLK 84 OE32 
10 SFDBK 35 IRQ 60 HSYNC 85 WEO 
11 EABUF 36 RSET 61 VSYNC 86 WE1 
12 DA8 37 DIR 62 BLNK 87 WE2 
13 DA9 38 EDBUF 63 MA8 88 WE3 
14 DA10 39 DAO 64 GND 89 MD15 
15 GND 40 DA1 65 MA7 90 MD14 
16 DA11 41 DA2 66 MA6 91 MD13 
17 DA12 42 DA3 67 MA5 92 MD12 
18 DA13 43 DA4 68 MA4 93 MD11 
19 DA14 44 DA5 69 MA3 94 MD10 
20 DA15 45 DA6 70 MA2 95 MD9 
21 EMEM 46 DA7 71 MA1 96 MD8 
22 A15 47 RPLT 72 MAO 97 MD7 
23 A16 48 VID7 73 VCLK2 98 MD6 
24 A17 49 VID6 74 VCLK1 99 MD5 
25 VCC 50 VID5 75 VCLKO 100 VCC 

TABLE 1. PIN ASSIGNMENTS 

• 
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2.0 ARCHITECTURE 
The WD90COO is a highly integrated device that 
internally contains four major modules. These 
are the CRT Controller, the Sequencer, the 
Graphics controller and the Attribute Controller. 

• CRT Controller 
The CRT Controller maintains screen refresh .. 
functions for the various display modes defined 
by the programming of its registers either by the 
BIOS ROM resident firmware or from the applica
tion program. These screen refresh functions in
clude display page control, cursor control, sync 
generation and resolution. 

• Sequencer 
The Sequencer functions as a timing generator 
for the AT bus or Micro Channel interface, in I/O 
or memory cycles. It also provides the character 

I AT I UCA I WD90COO INTERfACE J I DR •• 
CONnR 

I 
BlOB '.R ,',"1 ROM 

'"1 
'--- I 

VIDIO·7) 

I EXTlD8C, f-
L "we I DATA 

'o.,~ 

CLOCK 11 CRT 
comR CQN1lR 

ARCHITECTURE 

clock and the dot clock for the CRT, Graphics and 
Attribute controllers. 

• Graphics Controller 
The Graphics Controller manages data flow be
tween video memory and the Attribute Controller 
during active display (non-blanked) periods. It 
also controls system microprocessor reads from 
and writes to the video memory, using the time 
slots defined by the Sequencer. 

• Attribute Controller 
The Attribute Controller modifies the CRT display 
data stream in graphics and character modes. It 
controls display attributes such as blinking, under
lining, cursor, pixel panning, reverse video, over
scan color and background or foreground color. 

UPT 
VIDEO 1 US 

MEMORY 

ANALOG/DIGITAL 
COlORIMONO MONITOR 

l j FIXED OR 

VAAIABLE 

SCAN 

I 

FIGURE 2. SYSTEM BLOCK DIAGRAM 
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3.0 WD90COO INTERFACES 
The WD90COO has four major interfaces: the 
CPU and BIOS ROM interface, the DRAM Dis
play Buffer interface, the Video and RAMDAC in
terface, and the Clock interface. 

3.1 CPU AND BIOS ROM INTERFACE 

The WD90COO is designed to operate in two dif
ferent bus architecture configurations. These are 
the PC/AT Bus and the PS/2 Micro Channel Bus. 
The selection of the mode is dependant on the 
pin strapping upon power up that sets Configura
tion Register CNF(2). 

When configured for AT or Micro Channel opera
tion, the WD90COO operates functionally in a 
manner that is conducive to PC/AT or Micro 
Channel interfacing respectively. The signal pins, 
memory maps, and I/O ports all operate to op
timize this interface with minimal external circuitry. 

The WD90COO provides all the signals and 
decodes all the necessary memory and I/O ad
dresses for either an 8 or 16 bit data bus. It also 
provides the necessary decoding of the Adapter 
Video BIOS ROM and has additional signals and 
registers to help with BIOS ROM page mapping 
as done on the IBM PS/2 Display adapter. Using 
the provided signals, the customer can imple
ment designs which multiplex the address/data 
signals to the WD90COO in 8 or 16 bit mode, con" 
trol an 8 or 16 bit BIOS ROM, and generate the 
desired control and handshake signals such as 
-MEMCS16. 

The I/O data path is eight bit. The memory dis
play buffer data path can be eight or sixteen bits 
wide. EGA Planar modes have a mandatory 
eight bit data path with the CPU. Text modes, 
odd/even, and 256 color modes can support a six
teen bit data path if the video subsystem sup
ports a 16 bit bus implementation. The 
WD90COO will provide the necessary wait states 
for CPU accesses to the video memory. Wait 
states for I/O accesses and BIOS ROM accesses 
are not generated. Special I/O ports such as 
46E8H (AT mode) and 102H for VGA Enable 
have been implemented internally in the 

WD90COO INTERFACES 

WD90COO. VGA Subsystem Enable port 3C3h 
(MCA mode) needs to be implemented externally. 

3.2 DRAM DISPLAY BUFFER 
INTERFACE 

The WD90COO has an optimized interface to the 
video memory display buffer. The video memory 
DRAMS can be considered as being organized 
as four planes. Three configurations of DRAMs 
exist for the WD90COO where each plane can be 
configured as 64 Kbytes (256 Kbytes total), 128 
Kbytes (512 Kbytes total), or 256 Kbytes (1 
Mbyte total). 

The Video memory address range can be up to 1 
Mbyte depending on the configuration. Its range 
is usually from AOOO:OH to BFFF:FH. External cir
cuitry canbe used to map the video memory in 
different (up to) 1 Mbyte windows. 

Eight 64K by 4 page mode DRAM chips are sup
ported for the default IBM memory size. Sixteen 
64K by 4 DRAMs and a multiplexer are needed 
to have a total of 512 KB DRAM. This configura
tion is needed to support extended video modes 
such as 640 by 480 x 256 colors and 1024 by 
768 x 16 colors. Eight 256 KB by 4 DRAMs are 
needed to support 1 Mbyte total memory. The 
WD90COO provides the support to access all of 
the available memory. As the WD90COO has a 
separate memory clock, 36 MHz to 40 MHz 
clocks are needed to drive 120 ns DRAMs. With 
100 ns DRAMs, up to a 44.9 MHz clock can be 
used. The WD90COO can support up to a 56 
MHz MCLK which allows it to support much 
higher extended resolutions such as an 800 by 
600 x 256 color mode. 

The combination of video clock and memory 
clock and DRAM speed will determine the video 
modes available. Usually, a 44.9 MHz MCLK and 
44.9 MHz VCLK will support the 1024 by 768 
resolution modes. A 42 MHz MCLK will be 
needed to support the extended 256 color modes 
but the 44.9 MHz is recommended. A 36 MHz 
MCLK and VCLK will support the 800 by 600 x 
16 color mode. 

10-25-90 
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3.2.1 DRAM Cycle Types 

The WD90COO will do standard RAS/CAS single 
cycle accesses to the DRAM during CPU writes 
and reads in graphics modes and alphanumeric 
modes. For CRTC display refresh cycles, the 
WD90COO will do page mode access reads for all 
cycles in graphics modes. It will also do page 
mode reads to the DRAM when selected to do so 
to increase performance in alphanumeric modes. 
The default mode of DRAM access in al
phanumeric mode is the standard single 
RAS/CAS cycle. The WD90COO provides the 
necessary control signals and address/data lines 
to access the video memory as two 16 bit data in
terleaved banks. The WD90COO will also refresh 
the DRAMs with 3 or 5 refresh cycles after every 
horizontal scan line. 

3.3 VIDEO AND RAMDAC INTERFACE 

3.3.1 RAMDAC 

The WD90COO is designed to connect to an 
analog CRT monitor through an external RAM
DAC, but it may also be used to drive other types 
of displays such as TTL monitors along with the 
correct register programming and clocks. All the 
necessary signals to interface to the video RAM
DAC are provided. 

The video interface for a CRT is very dependent 
on the CRT requirements and the resolution and 
depth (bits/pixels) of the image desired. New 
monitors, such as multifrequency monitors, are 
less stringent because of the many sync frequen
cies available. The WD90COO can be 
programmed to directly generate all the CRT sig
nals for up to 8 bits/pixel (256 color). In addition, 

WD90COO 

external hardware can be added to allow higher 
display resolutions by trading off the number of 
bits/pixel such as a 1024 by 768 noninterlaced 
mode. 

The Micro Channel Auxiliary Video Connector 
and the AT Feature Connector can be connected 
to the WD90COO. The WD90COO also provides 
an input for a monitor type detection interface as 
done on the IBM VGA using comparators. 

3.4 CLOCK INTERFACE 

The WD90COO has four clock input signal pins. 
These are: separate memory clock, MCLK, 
which drives the DRAM timing in graphics and 
alpha modes; and the three video clocks, VCLKO, 
VCLK1, and VCLK2, which drive the video 
timing. WD90COO also provides the option to ex
ternally control a multiplexer that supplies the 
video clock. The MCLK can also be selected as 
the video dot clock. 

3.5 WD90COO POWER-UP 
CONFIGURATION 

The WD90COO uses the memory data pins that 
are "strapped" to ground or Vcc through resistors 
to configure an internal configuration register 
upon powerup/reset. CNF(2) will determine 
whether the WD90COO will operate in AT or Micro 
Channel Architecture (MCA) implementation. 
Other CNF bits configured by WD90COO at 
power-up/reset are used as status bits, or for 
clock source control. For more information on 
WD90COO power-up configuration, refer to the 
PR Register section of this data sheet. 

10-25-90 12-7 
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4.0 PIN DESCRIPTION 
The following tables provide WD90COO pin defini
tions for the 100-Pin Plastic Leadless Chip Car
rier (PLCC) and Plastic Flat Pack (PQFP) pack
age. 

PIN NO PIN SYMBOL TYPE 

PIN DESCRIPTION 

The WD90COO mnemonics are used. For more 
design details in AT or Micro Channel modes 
refer to the application notes and reference sec
tion of this document. 

DESCRIPTION 

POWER ON 

36 RSET I RESET: This signal input will reset the 
WD90COO in order for the WD90COO to initial-
ize during Reset. PR registers PR1, PR11, and 
CNF are initialized at power-up reset based on 
the logic level on the MD(7:0), MD(1S:11) bus 
as determined by pull-up/pull-down resistors. 
Outputs EABUF and EDBUF are tri-stated 
during reset. The active high reset pulse width 
should be at least ten MCLK clock periods. 

CLOCK SELECT/ON 

76 MCLK I MEMORY CLOCK: This clock signal deter-
mines the VGA graphics and alpha mode video 
DRAM readlwrite access timing as well as sys-
tem microprocessor 110 and memory timing. 
MCLK should be equal to or greater than 
VCLK. It is 36 to 40 MHz for 120 ns DRAMs, 
and recommended to be 44.9 MHz for 100 ns 

. DRAMs. 
74 VCLK1 110 VIDEO CLOCK 1: This pin can be either the 

second video display clock input or an output 
selection signal to the external clock selection 
module. Pin direction is determined on Reset 
by a pull-up/down register on pin MD3. A 
VCLK1 input frequency of 28.322 MHz is used 
to display 720 pixels per horizontal line. When 
it is an output, VCLK1 can be an active low 
pulse during 110 writes to port 3C2H or the state 
of 3C2H bit 2 as per PR1S(S). Refer to the 
Confiouration Reoister description. 

73 VCLK2 110 VIDEO CLOCK 2: This pin can be a third video 
display clock input or an output to external 
clock selection module. Pin direction is 
programmed simultaneously with that of 
VCLK1. It acts as either a user defined exter-
nal clock input, or as an output reflecting the 
content of bit PR2(1) or the state of 3C2H bit 3 
as per PR1S(S) if CNF(3) is set to 1 . Refer to 
the Configuration Register description. 

12-8 10-25-90 
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PIN NO. PIN SYMBOL TYPE DESCRIPTION 

CLOCK SELECTION (CONT) 

75 VCLKO I VIDEO CLOCK 0: This input is the video display clock 
for alphanumeric and graphics display modes. Typi-
cally, VCLKO is 25.175 MHz to display 640 pixels per 
horizontal display line. The Miscellaneous Output 
Register (3C2H) bits 3 and 2 when both are set to 0 
will select this clock. 

CPU ADDRESS BUS 

28 A19 I ADDRESS ONLY BUS A(19:15): These active high in-
27 A18 I puts form the high-order five bits of video memory ad-
24 A17 I dress. These addresses (19:16) are not decoded 
23 A16 I during I/O accesses in AT or MCA implementation. 
22 A15 I These inputs are directly connected to the system bus. 

CPU DATA BUS 

20 DAI5(*) I/O DATA/ADDRESS BUS DA(15:0): These signals com-
19 DA14 I/O prise an active high multiplexed data/address bus for 
18 DA13 I/O I/O and memory accesses. Only the low eight bits are 
17 DA12 I/O used for data during I/O read and write cycles. During 
16 DA11 I/O every I/O read and write, the voltage level on DA 15 is 
14 DA10 I/O used to help determine the monitor type, and can be 
13 DA9 I/O read at port 3C2H bit 4. A logic 0 or logic 1 on DA 15 
12 DA8 I/O places a logic 0 or a logic 1 into bit 4 of the Input 
46 DA7 I/O Status Register 0, respectively. Refer to the general 
45 DA6 I/O register description for more information. 
44 DA5 I/O 
43 DA4 I/O NOTE: ,,*" DA15 signal is multiplexed with data bit 15 
42 DA3 I/O and CRT monitor sense input for auto monitor detec-
41 DA2 I/O tion. 
40 DA1 I/O 
39 DAO I/O 

CPU CONTROL BUS 

21 EMEM I ENABLE DISPLAY MEMORY: This signal is active 
high in both Micro Channel and AT modes. In AT 
Mode, EMEM enables video memory accesses. 
BIOS ROM accesses are not controlled by EMEM. If • the video memory is within the lowest 1 MB of the 
processor address space, EMEM signal must be ac-
tive during video memory access. Otherwise, EMEM 
should be generated by external logic when the 
WD90COO video memory is accessed. During AT Bus 
refresh time, EMEM can be connected to REFRESH 
to disable the WD90COO. In Micro Channel mode this 
signal enables I/O and video memory access. Exter-
nallogic is required to implement the function EM EM. 

10-25-90 12-9 
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PIN NO. PIN SYMBOL TYPE DESCRIPTION 
10 ROM16 a 16 BIT WIDE BIOS ROM: In AT mode this ac-

SFDBK tive low status signal is the inverted value of 
register PR1 (1), which determines BIOS ROM 
data path width selection. It may be used to 
control data buffers for a 16 bit data path BIOS 
ROM and to generate the signal -MEMCS16 in 
AT mode. In Micro Channel mode, SFDBK is 
the unlatched address decode (active low) 
when a memory, 1/0, or BIOS ROM access is 
done from the system bus and may be con-
sidered as adapter or VGA feedback. 

34 RDY a READY: An active high output which signals to 
the system processor that a memory access is 
completed and is only used to add wait states 
to the CPU bus cycles during video memory ac-
cesses. It is pulled inactive by WD90COO to 
allow additional time to complete a bus opera-
tion. This signal is not generated on 1/0 cycles 
and accesses to the BIOS ROM. This is a tri-
state signal. 

35 IRQ a INTERRUPT REQUEST: It is enabled via bit 5 
in the Vertical Retrace End register. It is active 
high in AT mode and active low in Micro Chan-
nel mode. When the end of a Vertical Display 
occurs, this signal will transition active at the 
start of vertical retrace, causing the interrupt. It 
will stay latched until CRTC11 bit 4 clears it. In 
a AT mode, IRQ is tri-state upon power up 
reset and may be enabled by PR14(7). In 
Micro Channel mode, PR14(7) will power up 
IRQ enabled. This is a tri-state signal. 

8 DS16 a DATA SIZE 16: Active low enable for 16 bit 
video memory word transfers. It is a mode de-
pendent signal. In AT mode, DS16 is a status 
signal as programmed in bit PR1 (2) ( and other 
registers) and is used to control the high and 
low byte 16 bit external data buffers. See the 
PR Register (PR1) description for further 
details. This status signal is also used to 
generate -MEMCS16 using external logic for 
AT mode designs. In Micro Channel mode, the 
signal is active only during BIOS ROM acces-
ses (if enabled) by PR(1) andlor during 
memory 16 bit data path access (if enabled by 
PR1 (2)). 
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PIN DESCRIPTION WD90COO 

PIN NO. PIN SYMBOL TYPE DESCRIPTION 
33 EIO I ENABLE I/O: In AT mode, this active low signal 

VGASETUP enables I/O accesses to the WD90COO. In 
Micro Channel mode, this signal is the 
VGASETUP input pin and is connected to the 
latched card setup or the VGA setup. The ex-
ternally designed system I/O port signals (96H 
for Adapter card or 94H bit 5 for system board 
design) is connected to the EIO pin. When this 
signal is high, the WD90COO is enabled or in 
the operating state. An active low signal on 
this pin puts the WD90COO into set up mode. 
During the set up mode, write logic 1 H to 
WD90COO internal port 1 02H to awaken the 
WD90COO after power on. 

9 BHE I BUS HIGH ENABLE: In both AT and MCA 
mode, this active low signal enables and indi-
cates a 16 bit transfer of data 

31 MRD I MEMORY READ: In AT mode, this is an active 
M/-I/O low memory read strobe. It is asserted in 8/16 

bit memory read cycles. In Micro Channel 
mode, the signal is called M/-IO. It distin-
guishes between memory and I/O cycles. 
When (M/-I/O) is high, a memory cycle is in 
process. A Iowan (M/-IO) shows that an I/O 
cycle is in process. 

32 MWR I MEMORY WRITE: The Active low memory 
-SO write strobe in AT mode for 8/16 bit data trans-

fers. In Micro Channel mode, it becomes -SO 
and is the channel status signal which indicates 
the start and type of a channel cycle. Along 
with -S1, M/-IO, and -CMD signals, it is 
decoded to interpret I/O and memory com-
mands. 

29 lOR I I/O READ: Active low I/O read strobe in AT 
-S1 mode. It is asserted in I/O read bus cycles. 

-S1 is the alternate mnemonic used in Micro 
Channel mode to indicate the start and type of • a channel cycle. 

30 lOW I I/O WRITE: Active low strobe. In AT mode, the 
-CMD strobe signals an I/O write cycle. In Micro 

Channel mode it is synonymous with -CMD; ad-
dress bus validity is signaled by -CMD going 
low while the rising edge of -CMD indicates the 
end of a Micro Channel bus cycle. 
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WD90COO PIN DESCRIPTION 

PIN NO. PIN SYMBOL TYPE DESCRIPTION 

VIDEO MEMORY DATA 

89 MD15 1/0 DISPLAY MEMORY DATA MD(15:0): These 
90 MD14 lines are the data bus to the video display 
91 MD13 DRAMS. Data lines MD(7:0) are pulled up or 
92 MD12 down with resistors to provide set up informa-
93 MD11 tion on power-up (reset) as follows: 
94 MD10 
95 MD9 Power-Up Register 
96 MD8 Me! Fum.liQo (Bil) 
97 MD7 15 EGASW4 PR11 (7)+ 
98 MD6 14 EGASW3 PR11(6)+ 
99 MD5 13 EGASW2 PR11 (5)+ 
2 MD4 12 EGASW1 PR11 (4)+ 
3 MD3 11 ANALOG/TTL Display CNF(8) * 
4 MD2 7 General Purpose CNF(7) * 
5 MD1 6 General Purpose CNF(6) * 
6 MOO 5 General Purpose CNF(5) * 

4 General Purpose CNF(4) * 
3 VCLK1 ,2 InpuVOutput CNF(3) + 
2 AT/MicroChannel Mode CNF(2) + 
1 BIOS ROM Data Path PR1 (1) * 
0 BIOS ROM Mapout PR1(0) * 

NOTE: 
"." Pulldown resistor sets these bits to logic 1. 
"+" Pullup resistor sets these bits to logic 1. 
For more details refer to PR Registers. 

VIDEO MEMORY ADDRESS 

63 MA8+ 0 MEMORY ADDRESS MA(8:0): Display 
65 MA7+ memory DRAM address. 
66 MA6+ 
67 MA5+ 
68 MA4+ NOTE: "+" For testing purposes, these pins 
69 MA3+ can be tri-stated by setting PR Register PR4(4) 
70 MA2+ = 1. 
71 MA1+ 
72 MAO+ 

VIDEO MEMORY CONTROL SIGNALS 

80 CAS10+ 0 COLUMN ADDRESS STROBE: Active low 
Memory Maps 1 & 0 CAS output signal. 

83 CAS32+ 0 COLUMN ADDRESS STROBE: Active low 
memory maps 3 & 2 CAS output signal. 

79 RAS10+ 0 ROW ADDRESS STROBE: Active low 
Memory Maps 1 & 0 RAS output siQnal. 
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PIN DESCRIPTION WD90COO 

PIN NO. PIN SYMBOL TYPE DESCRIPTION 

VIDEO MEMORY CONTROL SIGNALS 

82 RAS32+ 0 ROW ADDRESS STROBE: Active low 
Memory Maps 3 & 2 RAS output signal. 

81 OE10+ 0 OUTPUT ENABLE: Active low Memory Maps 
1 & 0 DRAM output enable. 

84 OE32+ 0 OUTPUT ENABLE: Active low Memory Maps 
3 & 2 DRAM output enable. 

85 WEO+ 0 WRITE ENABLE: Active low Write Enable to 
DRAM bank 0, upper byte (Memory map 0). 

86 WE1+ 0 WRITE ENABLE: Active low Write Enable for 
DRAM bank 0, upper byte (Memory map 1) 

87 WE2+ 0 WRITE ENABLE: Active low Write Enable for 
DRAM bank 1, lower byte (Memory map 2). 

88 WE3+ 0 WRITE ENABLE: Active low Write Enable for 
DRAM bank 1, upper byte (Memory map 3). 

NOTE: 
1. "+" For testing purposes, these pins can be 
tri-stated bv settinq PR Reqister PR4(4) = 1. 

RAMDAC INTERFACE 

48 VID7* 0 VIDEO VID(7:0): Pixel video data output to 
49 VID6* DAC. 
50 VID5* 
53 VID4* NOTE: 
54 VID3* "*,, For testing purposes, these pins can be tri-
55 VID2* stated by setting PR Register PR4 (5) = 1. 
56 VID1* 
57 VIDO* 

47 RPLT 0 READ PALETIE: Video DAC register and color 
palette read signal. Active low during I/O read 
to addresses at 3C6H, 3C8H, and 3C9H. 

58 WPLT 0 WRITE PALETTE: Video DAC register and 
color palette write signal. Active low during I/O 
write to addresses at 3C6H-3C9H. 

59 PCLK 0 PIXEL CLOCK: Video pixel clock output used 
by the RAMDAC to latch video signals 
VID(7:0). Its source is one of the video clock in-
puts: VCLKO, VCLK1, or VCLK2 as determined 
by the Miscellaneous Output register. Note that 
VCLKO, 1, or 2 is divided by two in 320/360 
pixel display mode to derive PCLK. MCLK can 
be the source of this clock. 

62 BLNK* 0 BLANK: Active low RAMDAC blank pulse. 

NOTE: 
"*,, For testing purposes, this pin can be tri-
stated by setting PR Register PR4 (5) = 1. 
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WD90COO PIN DESCRIPTION 

PIN NO. PIN SYMBOL TYPE DESCRIPTION 

CRT CONTROL 

60 HSYNC+ 0 HORIZONTAL SYNC: Display monitor horizon-
tal synchronization pulse. Active high or low 
depending on the Miscellaneous register 
programming. SEE NOTE BELOW. 

61 VSYNC+ 0 VERTICAL SYNC: Active high display monitor 
vertical synchronization pulse. It is active high 
or low, depending on the Miscellaneous Output 
Register. 

NOTES: 
1. "+" For testing purposes, these pins can be 
tri-stated by setting PR Register PR4(5)=1. 

BIOS ROM CONTROL 

7 EBROM 0 ENABLE BIOS ROM ACCESS: In both AT and 
Micro Channel modes this signal is active (low) 
during memory reads in the address range 
(COOO:OH-C7FF:FH) if enabled by bit PR1 (0). 
It is not active for accesses to addresses in the 
range C600:0H-C67F:FH. However, the 
C600:0H-C67F:FH address range can be 
mapped in to increase BIOS space by setting 
PR17(O) = o. In AT mode only, a write to the 
WD90COO internal 1/0 port address 46E8H 
causes this signal to be used as a write strobe 
for an external register used in BIOS ROM 
paqe mappinq. 

BUFFER CONTROL 

11 EDBUFH 0 ENABLE ADDRESS BUFFER: This active low 
signal permits control of an external address 
buffer for multiplexing aqyddress and data to 
WD90COO. It is tri-stated while Reset is active. 
When in MCA implementation, this output be-
comes the high byte data bus enable signal 
during the 16 bit data transfers and is referred 
as EDBUFH. 

38 EDBUF 0 ENABLE DATA BUFFER: Allows control of an 
external data buffer for multiplexing address 
and data to WD90COO. It is tri-stated while 
Reset is active. 

37 DIR 0 DIRECTION CONTROL: Active high Direction 
Control for reads of the DA(15:0) data bus in 
AT and MCA implementation. The default state 
is low until a read cycle occurs, and the 
WD90COO will drive DIR high to change the 
direction of the data buffers. 
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PIN DESCRIPTION WD90COO 

PIN NO. PIN SYMBOL TYPE DESCRIPTION 

POWER AND GROUND 

25 VCC - +5VDC 
52 VCC - +5VDC 
78 VCC - +5VDC 
100 VCC - +5VDC 
1 GND - Ground 
15 GND - Ground 
26 GND - Ground 
51 GND - Ground 
64 GND - Ground 
77 GND - Ground 
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WD90COO ABSOLUTE MAXIMUM RATINGS 

5.0 ABSOLUTE MAXIMUM RATINGS 

Ambient temperature 
under bias 
Storaae temDerature 
Voltage on all inputs 
and outputs to Vss 
Power dissipation 

12-16 

o °C to 70°C 
- 40°C to 125°C 

- 0.3 to 7 Volts 
1.0 Watt 

NOTE 

Stresses above those listed under Absolute Maxi
mum Ratings may cause permanent damage to 
the device. This is a stress rating only and func
tional operation of the device at these or any 
other conditions above those indicated in the 
operational section of the specification is not im
plied. Exposure to absolute maximum rating con
ditions for extended periods may affect product 
reliability. 
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STANDARD TEST CONDITIONS 

6.0 STANDARD TEST CONDITIONS 
The characteristics below apply for the following 
standard test conditions, unless otherwise noted. 
All voltages are referenced to Vss (OV Ground). 
Positive current flows into the reference pin. 

10-25-90 

Operating tempera-
ture ranQe 
Power supply voltage 

WD90COO 

0° C to 7 °C 

4.75 to 5.25 Volts 

• 
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WD90COO D.C CHARACTERISTICS 

7.0 D.C CHARACTERISTICS 

SYMBOL PARAMETER MIN. MAX UNITS CONDITIONS 
V(lL) Input Low VoltaQe -- 0.8 V VCC=5V+5% 
V(lH) Input HiQh VoltaQe 2.0 -- V VCC=5V±5% 
I(IL) Input Low Current -- +10 uA VIN=O.OV 
I(lH) Input High Current -- +10 uA VIN=VCC 
V(OL) Output Low Voltage -- 0.4 V IOL+4.0mA1 

V(OH) Output High Voltage 2.4 -- V IOH=4.0mA1 

I (OZ) High Impedance -10.0 10.0 uA OV 
Leakage Current 

I(CC) Stand By Current -- 22 mA VCC=5.25 VOC 
(All Inputs at TIL TA=O °C, Static 
Levels) 

1(00) Operating current -- 130 mA VCC=5.25V, 
MCLK=VCLK=45 MHz 

C(lN) Inllut Capacitance -- 10 pF FC=1 MHz 
C(OUT) Output Capacitance -- 10 pF FC=1 MHz 

TABLE 2. DC CHARACTERISTICS 

NOTES 

1. W090COO outputs have 4.0 mA maximum source and sink capability except for pin ROY = 24.0 mA 
sink and 4.0 mA source and pin IRQ = 24.0 mA sink and 4.0 mA source. 

2. Pullups on MO(0:15), OA(0:15), EOBUF, EABUF = 100 K ohms. Pullup on BHE = 50 K ohms. 
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AC TIMING CHARACTERISTICS 

8.0 AC TIMING CHARACTERISTICS 
t=1/MCLK in all modes CL = load capacitance = 70 pf unless specified 

otherwise. Units are in nanoseconds (ns). 

NUMBER PARAMETER MIN MAX 

RESET TIMING 

1 Reset Pulse Width 10t 
2 MD Setup to RSET low 2t 
3 MD Hold from RSET low 2t 
4 Vcc high to RSET high setup 100 
5 RSET low to first MRDI lOW 10t 

CLOCK TIMING 

1 Input Clock (MCLK or VCLK) Period t t 
2 Clock low 40%t 
3 Clock high 60%t 
4 Clock Rise lime 3 
5 Clock Fall lime 3 
6 Input VCLK to PCLK Delay 13 
9a PCLK to Hsync and Vsync Delay 6.5 
9b PCLK to BLNK Delay 6.5 
9c PCLK to VID(7:0) Delay 3 

AT MODE 110 & MEMORY READIWRITE TIMING 

1 EIO setup to lOR and lOW active B 
2 EIO hold from lOR and lOW inactive 5 
3 EM EM setup to MR and MW active 4 
4 EMEM hold from MR and MW inac-

tive 4 
5 EABUF inactive from 10Rl W, MRI 

Wactive 30 
6a EABUF active from EDBUF inactive 

(1/0 R&W) 21 
6b EABUF active from EDBUF inactive 

(M R&W) 15 
7a EDBUF active from EABUF inactive 

(1/0 R&W) 13 
7b EDBUF active from EABUF inactive 

(M R&W) 35 

TABLE 3. AC TIMING CHARACTERISTICS 

1. The MCLK should be running with the reset applied. 
2. Measured at 1.4 V. 
3. Measured between O.BV and 2.0V. 

10-25-90 

WD90COO 

NOTES 

1 

2 
2 
3 
3 

.. 
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WD90COO AC TIMING CHARACTERISTICS 

NUMBER PARAMETER MIN MAX NOTES 

AT MODE 110 & MEMORY READIWRITE TIMING (CONTINUED) 

8 EDBUF inactive from IORI W, MRI 
W inactive 21 

9 DIR active from lOR and MR active 24 
10 DIR inactive from lOR and MR inac-

tive 21 
11a BHE setup to MR and MW active 4 
11b Address setup to lOR and lOW ac-

tive 8 
11c Address setup to MR and MW ac-

tive 4 
12a BHE hold to MR and MWactive 6 
12b Address hold to lOR and lOW active 4 
12c Address hold to MR and MW active 6 
13 DA(15:0) valid address setup to 

IOR/W, MR/W 13 
14 DA(15:0) valid address hold from 

IOR/W, MR/W 4 
15 Data setup to lOW inactive 10 
16 Data hold from IORI W, MRI W inac-

tive 8 
17a Data valid from lOR active 2t + 42 
17b Data valid (CAS32 inactive) from 

MR active 11.5t 
17c Write data valid from MW active 4.5t-50 4 
18 Read data setup to RDY high 3.5t-40 5 
19 RDY inactive from MR and MW ac-

tive 13 
20 RDY active from MW, MR active 15t 
21 RDY tri-state from MW, MR inactive 10 
22 WPLT active from lOW active 2t+35 
23 WPLT inactive from lOW inactive 22 
24 RPLT active from lOR active 31 
25 RPLT inactive from lOR inactive 21 
26 EBROM active from lOW active 

(46E8) 2t+29 
27 EBROM inactive from lOW inactive 20 
28 EBROM active from valid address 20 
29 EBROM inactive from MRD inactive 23 
30 VCLK1 (as output) delay from lOW 2t+33 

TABLE 3. AC TIMING CHARACTERISTICS (CO NT) 

4. This spec includes 50 ns worst case delay from DA to MD bus. 
5. This spec includes 40 ns worst case delay from MD to DA bus. 
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AC TIMING CHARACTERISTICS WD90COO 

NUMBER PARAMETER MIN MAX NOTES 

MICRO CHANNEL 110 & MEMORY READ AND WRITE TIMING 

1 CDSETUP setup to CMD active 0 
2 CDSETUP hold from CMD inative 4 
3 EMEM, BHE, Address setup to CMD 10 
4 EMEM, BHE, Address hold from CMD 6 
5 S1, SO, MIlO setup to CMD 10 
6 Sf, SO, MIlO hold from CMD 6 
7 EABUF, EDBUF active from CMD active 26 
8 EABUF, EDBUF inactive from CMD inactive 22 
9 DI R active from CMD active 22 
10 DIR inactive from CMD inactive 22 
11a SFDBK active from CMD active (10 R&W) 27 
11 b SFDBK active from CMD active (M R&W) 19 
12a SFDBK inactive from CMD inactive(IO R&W) 25 
12b SFDBK inactive from CMD inactive(M R&W) 19 
13 SFDBK inactive from invalid address 25 
14 DS16 active from valid address (M R&W) 29 
15 DS16 inactive from invalid address 20 
16 Address setup to CMD active 7 
17 DA (15:0) valid address hold from CMD ac-

tive 4 
18 Write data setup to CMD inactive 10 
19 Write data hold from CMD inactive 7 
20a Read data valid from CMD active 11.5t 
20b Write data valid from CMD active 4.5t-50 6 
21 Read data setup to RDY high 3.5t-40 7 
22 RDY inactive from status (MR) 22 
23 RDY active from CMD active 15t 
24 RDY inactive from CMD inactive 41 
25 EBROM active from valid address 22 
26 EBROM inactive from CMD inactive 29 
27 WPLT active from CMD active 41 
28 WPLT inactive from CMD inactive 22 
29 RPLT active from CMD active 31 
30 RPLT inactive from CMD inactive 23 
31,32 VCLK1 delay from CMD 33 II 

TABLE 3. AC TIMING CHARACTERISTICS (CONT) 

6. This spec includes 50 ns worst case delay from DA to MD bus. 
7. This spec includes 40 ns worst case delay from MD to DA bus. 
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WD90COO AC TIMING CHARACTERISTICS 

NUMBER PARAMETER MIN MAX NOTES 

DRAM TIMING, CPU READ AND WRITE 

1 RAS10, RAS32 cycle time 9t 
2a RAS10, RAS32 pulse width low 5t-8 5t 
2b RAS10, RAS32 low to CAS10, CAS32 high 5t-11 5t-2 
3 RAS10, RAS32 precharge 4t+1 4t+8 
4 RAS10, RAS32 low to CAS10, CAS32 low 2t-11 2t+2 
5a CAS10, CAS32 low to RAS10, RAS32 high 3t-8 3t+3 
5b CAS10, CAS32 pulse width low 3t-4 3t 
6 CAS10, CAS32 high to RAS10, RAS32 low 4t+2 4t+14 
7 Row Address setup to RAS10, RAS32 low 1t-10 1t+5 
8 Row Address hold from RAS10, RAS32 low 1 t-6 1t+8 
9 Column address setup to CAS10, CAS32 

low 1t-12 1t+1 
10 Column address hold from CAS10, CAS32 

low 1.5t 1.5t+14 
11 CAS10, CAS32 precharge high 6t 6t+4 
12 WEO:1 low setup to CAS10, RAS10 high 2.5t-7 2.5t+4 
13a WE3:2 low setup to CAS32, RAS32 high 5t-7 5t+4 
13b WE3, WE2 pulse width low 5t-2 5t+2 
17 WEO, WE1 pulse width low 3t-2 3t+2 
18 Data hold from WEO, WE1 active 2t-5 
19 Data setup to WEO, WE1 active 1t-5 
20 WEO, WE1 low from CAS1 ° low .5t-7 .5t+4 
21 WE3, WE2 setup to CAS32 low 2t-4 2t+7 
22 OE10, OE32 low after CAS10, CAS32 low 1t-6 1t+5 
23 OE10, OE32 high after CAS10, CAS32 high 1t-5 1t+5 
24 OE10, OE32 pulse width low 3t-3 3t+1 
25 Read data setup to CAS inactive 10 
26 Read data hold from CAS inactive 10 
27 RAS32 low after RAS 10 low 4.5t-7 4.5t+7 
28 Write data setup to CAS 32 2t-5 
29 Write data hold from CAS32 1t-5 
30 CAS10, CAS32 high after OE10, OE32 low 2t-8 2t+2 

TABLE 3. AC TIMING CHARACTERISTICS (CONT) 
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AC TIMING CHARACTERISTICS WD90COO 

NUMBER PARAMETER MIN MAX NOTES 

DRAM PAGE MODE READ AND WRITE TIMING 

1 RAS10, RAS32 pulse duration 7t 
2 Page mode CAS1 ° cycle time 5t 8 
3 RAS10, RAS32 precharge 4t 4t+8 
4 RAS10 low to first CAS10 high 5t-14 5t-2 
5 RAS10, RAS32 low to CAS10, CAS32 low 2t-11 2t+2 
7 CAS10, CAS32, OE10, OE32 pulse width 

high 2t 2t+4 9 
8 CAS10, low to RAS10 high 3t-8 3t+3 
9 CAS32 low to RAS32 high 5t-8 5t+3 
10,14 Row address setup to RAS10, RAS32 low 1t-10 1t+5 
11, 15 Row address hold from RAS10, RAS32 low 1t-6 1t+8 
12,16 Column address setup to CAS10, CAS32 

low 1t-12 1t+1 
13,17 Column address hold from CAS10, CAS32 

low 1.5t 1.5t+14 
18 RAS32 low after RAS10 low 4.5t-7 4.5t+7 
19 Read data setup to CAS inactive 10 
20 Read data hold from CAS inactive 10 
21 OE10, OE32 pulse width low 3t-3 3t+1 
22 OE10, OE32 low after CAS10, CAS32 low 1t-6 1t+5 
23 OE10, OE32 high after CAS 1 0, CAS32 high 1t-5 1t+5 
24 CAS10, CAS32 pulse width low 3t-4 3t 
25 CAS10, CAS32 high after OE1 0, OE32 low 2t-8 2t+2 

TABLE 3. AC TIMING CHARACTERISTICS (CONT) 

8. First cycle is two mclocks longer than this spec. 
9. CAS10 and OE1 ° are two mclocks longer for the first cycle. 

II 
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WD90COO AC TIMING CHARACTERISTICS 

NUMBER PARAMETER MIN MAX NOTES 

DRAM REFRESH TIMING 

1 Address Setup to RAS10 active 2t-5 10 
2 Address Hold from RAS32 active 3t-5 
3 RAS10 low time 5t-8 
4 RAS10 high time 4t+1 
5 RAS32 low time 5t+1 
6 RAS32 high time 4t-8 
7 RAS cycle time 9t 

TABLE 3. AC TIMING CHARACTERISTICS (CO NT) 

10. This spec is shorter by 1 mclock for the first cycle. 
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AC TIMING CHARACTERISTICS 
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AC TIMING CHARACTERISTICS 
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WD90COO AC TIMING CHARACTERISTICS 
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WD90COO AC TIMING CHARACTERISTICS 
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WD90COO REGISTERS WD90COO 

9.0 WD90COO REGISTERS 
All of the standard IBM registers incorporated in
side the WD90COO are functionally equivalent to 
the VGA implementation while additional PR 
registers enhance the video subsystem. Com
patibility registers provide functional equivalence 
for AT&T, Hercules, MDA, and CGAstandards 

defined earlier using the 6845 CRT Controller. 
This section describes the WD90COO registers in 
greater detail. 

9.1 VGA REGISTERS SUMMARY 

REGISTERS RW MONO COLOR EITHER 

GENERAL REGISTERS 

Miscellaneous Output Reg W 3C2 
R 3CC 

Input Status Reg 0 RO 3C2 
Input Status Reg 1 RO 3BA 3DA 
Feature Control Reg W 3BA 3DA 

R 3CA 
+ Video Subsystem Enable RW 3C3 

NOTE: 
+ Video Subsystem Enable Register 
3C3H needs to be implemented externally 
in a Micro Channel confiquration. 

SEQUENCER REGISTERS 

Sequencer Index Reg RW 3C4 
Sequencer Data Req RW 3C5 

CRT CONTROLLER REGISTERS 

Index Reg RW 3B4 3D4 
CRT Controller Data Reg RW 3B5 3D5 

GRAPHICS CONTROLLER REGISTERS 

Index Reg RW 3CE 
Other Graphics Reg RW 3CF 

ATTRIBUTE CONTROLLER REGISTERS 

Index Reg RW 3CO 
Attribute Controller Data Reg W 3CO 

R 3C1 

VIDEO DAC PALETTE REGISTERS 

Write Address RW 3C8 
Read Address W 3C7 
DAC State R 3C7 
Data RW 3C9 
Pel Mask RW 3C6 

TABLE 4. VGA REGISTERS SUMMARY 
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9.2 PR REGISTERS SUMMARY 

REGISTERS RW MONOCHROME COLOR 

PR Register Index RW 3CE 3CE 
PRO(A) Address Offset A RW 3CF09 3CF09 
PRO(8) Alternate Address Offset 8 RW 3CFOA 3CFOA 
PR1 Memory Size RW 3CF08 3CF08 
PR2 Video Select RW 3CFOC 3CFOC 
PR3 CRT Control RW 3CFOD 3CF.OD 
PR4 Video Control RW 3CF.OE 3CF.OE 
PR5 Unlock (PRO-PR4)/Status RW 3CFOF 3CFOF 
PR1 0-PR17 INDEX RW 384 3D4 
PR10 Unlock (PR11-PR17) RW 385.29 3D5.29 
PR11 EGA Switches RW 385.2A 3D5.2A 
PR12 Scratch Pad RW 385.28 3D5.28 
PR13 Interlace H/2 Start RW 385.2C 3D5.2C 
PR14 Interlace H/2 End RW 385.2D 3D5.2D 
PR15 Miscellaneous Control 1 RW 385.2E 3D5.2E 
PR16 Miscellaneous Control 2 RW 385.2F 3D5.2F 
PR17 Miscellaneous Control 3 RW 385.30 3D5.30 
Reserved 3X5.31- 3X5.3F 

TABLE 5. PR REGISTERS SUMMARY 

NOTE: ALL THE PR REGISTERS ARE WRITE PROTECTED. SEE THE PR REGISTERS' DESCRIP
TION FOR MORE DETAILS. 

9.3 COMPATIBILITY REGISTERS 
SUMMARY 

FUNCTIONS RW 

Mode Control Reg WO 

Color Select Reg WO 
Status Reg RO 
Preset Light Pen Latch WO 

Clear Light Pen Latch WO 
AT& T/M24 Reg WO 
Hercules Reg WO 

+CRTC RW 

MDA CGA AT&T 

388 3D8 3D8 

3D9 3D9 

38A 3DA 3DA 

389 3DC 3DC 

388 3D8 3D8 
3DE 

380-387 3DO-3D7 3DO-3D7 

TABLE 6. COMPATIBILITY REGISTERS SUMMARY 

NOTES: 

1. RO = Read-Only, WO = Write-Only, RW = Read/Write. 
2. All Register addresses are in hex. 
3. + = 6845 Mode Registers 
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9.4 VGA REGISTERS 

Throughout this section, all bit graphics and 
definitions apply to VGA mode followed by their 
brief description. 

9.5 GENERAL REGISTERS 

NAME READ WRITE 
PORT PORT 

Miscellaneous Output 3CC 3C2 
Input Status ReQister 0 3C2 ---

Input Status ReQister 1 3?A ---

Feature Control 3CA 3?A 

NOTES: 

1. Reserved bits should be set to zero. 

2. "?" Value is controlled by Bit 0 of the Miscel
laneous Output Register and is programmed as 
shown below: 

o = B in Monochrome Modes 

1 = 0 in Color Modes 

9.5.1 Miscellaneous Output Register, 
Read Port = 3CC, Write Port = 3C2 

BIT FUNCTION 

7 Vertical Sync Polarity Select 

6 Horizontal Sync Polarity Select 

5 Odd/Even Memory Page Select 
4 Reserved 

3 Clock Select 1 

2 Clock Select 0 

1 Enable Video RAM 

0 I/O Address Select 

Bit 7 * 
Vertical Sync Polarity Selection. 
0= Positive vertical sync polarity. 
1 = Negative vertical sync polarity. 

Bit 6 * 
Horizontal Sync Polarity Selection. 
0= Positive horizontal sync polarity. 
1 = Negative horizontal sync polarity. 

NOTE: 

WD90COO 

'These bits determined the vertical size of the ver
tical frame by the monitor. Their encoding is 
shown below: 

BIT7 BIT6 VERTICAL FRAME 

0 0 Reserved 

0 1 400 lines/scan 

1 0 350 lines/scan 

1 1 480 lines/scan 

Bit 5 
Odd or Even Memory Page Select. 
When in modes 0-5, one memory page is 
selected from the two 64KB pages. 
o = Lower page is selected. 
1 = Upper page is selected. 

Bit 4 

Reserved in VGA. 
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Bit(3:2) Clock Select 1,0. 

BIT3 BIT2 FUNCTION 

0 0 Selects VCLKO for VGA applica-
tions. Can be connected to 
allow 640 dots/line (25.175 
MHz). 

0 1 Selects VCLK1 for VGA applica-
tions. Can be connected to 
allow 720 dots/line (28.322 
MHz) if Configuration Register 
bit 3 = O. 

1 0 Selects VCLK2 (external user 
defined input) if Configuration 
ReQister bit 3 = O. 

1 1 Reserved. Also selects VCLK2 
(external user defined input) if 
ConfiQuration ReQister bit 3 = O. 

Bit 1 

System Processor Video RAM Access Enable. 
0= CPU access disabled. 
1 = CPU access enabled. 

Bit 0 

CRT Controller I/O Address Range Selection. 
Selection for Monochrome (3B4 and 3B5), or 
Color (304 and 305) mode. Bit 0 also maps 
Input Status Register 1 at MOA (3BA) or CGA 
(30A). 

0= CRTC and status addresses for MOA mode 
(38X). 
1 = CRTC and status addresses for CGA mode 
(30X). 

WD90COO REGISTERS 

9.5.2 Input Status Register 0, 
Read Only Port = 3C2 

BIT FUNCTION 

7 CRT Interru~ 

6,5 Reserved 

4 Monitor Detect Bit for Color/ 
Monochrome Ois2lCil 

3:0 Reserved 

Bit 7 

CRT Vertical Retrace Interrupt Pending or 
Cleared. 
o = Vertical retrace interrupt cleared. 
1 = Vertical retrace interrupt pending. 

Bit(6:5) 

Reserved in VGA. 

Bit 4 

Monitor Detection in VGA mode. OA 15 monitor 
status (pin 20) is sampled and can be read from 
this bit. 

Bit(3:0) 

Reserved. 
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9.5.3 Input Status Register 1, 
Read Only Port = 3?A 

BIT FUNCTION 

7,6 
5 
4 

3 
2,1 
0 

Bit(7:6) 

Reserved. 

Bit(5:4) 

Reserved 
Diagnostic 0 
Diagnostic 1 
Vertical Retrace 
Reserved 
Display Enable 

Color Plane Diagnostics. 
These bits allow the processor to set two out of 
eight colors by activating the Attribute Controller's 
Color Plane Enable Register bits 4 and 5. Their 
status is defined in the following table: 

COLOR PLANE INPUT STATUS 
ENABLE REGISTER REGISTER 1 
BITS BIT4 BITS BIT4 
0 0 VID2 VIDO 
0 1 VID5 VID4 
1 0 VID3 VID1 
1 1 VID7 VID6 

Bit 3 

Vertical Retrace Status. 
0= Vertical frame is displayed. 
1 = Vertical retrace is active. 

Bit(2:1 ) 

Reserved. 

WD90COO 

Bit 0 

Display Enable Status. 
o = CRT screen display in process. 
1 = CRT screen display disabled for horizontal or 
vertical retrace interval. 

9.5.4 Feature Control Register, 
Read Port = 3CA, 
Write Port = 3? A 

BIT 

7-4 

3 
2-0 

Bits(7:4) 

Reserved 

Bit 3 

FUNCTION 

Reserved 
Vertical Sync Control 
Reserved 

Vertical Sync Control: 
0: Vsync output enabled 
1: Vsync output is logical "OR" of Vsync and Verti
cal Display Enable. 

Bit(2:0) 

Reserved 

9.6 SEQUENCER REGISTERS 

PORT INDEX NAME 
3C4 --- Sequencer Index 

3C5 00 Reset 
3C5 01 Clocking Mode 

3C5 02 Map Mask 

3C5 03 Character Map Select 

3C5 04 Memory Mode 

NOTE: Reserved bits should be set to zero. 
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9.6.1 Sequencer Index Register, 
Read/Write Port = 3C4 

BIT 

7-3 
2-0 

Blt(7:3) 

Reserved. 

Bit(2:0) 

FUNCTION 

Reserved 
SeQuencer Address/Index Bits 

Sequencer Address/Index. 
The Sequencer Address Register is written with 
the index value (00H-04H) of the Sequencer 
register to be accessed. 

9.6.2 Reset Register, 
Read/Write Port = 3C5, Index = 00 

BIT FUNCTION 

7-2 Reserved 
1 Synchronous Reset 
0 Asvnchronous Reset 

NOTE: 

Due to the improved design of the WD90COO, the 
fuction of Bits (1 :0) are not required and are in
stead implemented as shadow registers. 

Bit(7:2) 

Reserved. 

Bit 1 

Synchronous Reset. 
o = Sequencer is cleared and halted 
synchronously. 
1 = Operational mode (Bit 0 = 1). 

Bit 0 

Asynchronous Reset. 
o = Sequencer is cleared and halted 
asynchronously. 
1 = Operational mode (Bit 1 = 1). 

WD90COO REGISTERS 

9.6.3 Clocking Mode Register, 
Read/Write Port = 3C5, Index = 01 

BIT FUNCTION 

7,6 Reserved 
5 Screen Off 
4 Shift 4 
3 Dot Clock 
2 Shift Load 
1 Reserved 
0 8/9 Dot Clocks 

Bit(7:6) 

Reserved. 

Bit 5 

Screen Off. 
o = Normal screen operation. 
1 = Screen turned off. SYNC signals are active 
and this bit may be used for quick full screen up
dates. 

Bit 4 

Video Serial Shift Register Loading. 
o = Serial shift registers loaded every character 
or every other character clock depending on bit 2. 
1 = Serial shift registers loaded every 4th charac
ter clock (32-bit fetches). 

Bit 3 

Dot Clock Selection 
o = Normal dot clock selected by VCLK input fre
quency. 
1 = Dot Clock divided by 2 (320/360 pixels). 

Bit 2 

Shift Load. Effective only if bit 4=0. 
o = Video serializers will be loaded every charac
ter clock. 
1 = Video serializers are loaded every other char
acter clock. 
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Bit 1 

Reserved. 

Bit 0 

8/9 Dot Clock. 
Commands Sequencer to generate 8 or 9 dot 
wide character clock. 
o = 9 dot wide character clock. 
1 = 8 dot wide character clock. 

9.6.4 Map Mask Register, 
Read/Write Port = 3C5, Index = 02 

BIT 

7-4 

3 
2 
1 
0 

Bit(7:4) 

Reserved. 

Bit(3:0) 

FUNCTION 

Reserved 
Map 3 Enable 
Map 2 Enable 
Map 1 Enable 
MaQ 0 Enable 

Controls Writing To Memory Maps (0-3) respec
tively. 
o = Writing to maps (0-3) disallowed. 
1 = Maps (0-3) accessible. 

WD90COO 

9.6.5 Character Map Select Register 
Read/Write Port = 3C5, Index = 03 

BIT FUNCTION 

7,6 Reserved 

5 Character Map Select A Bit 2 
4 Character Map Select B Bit 2 

3 Character Map Select A Bit 1 
2 Character Map Select A Bit 0 
1 Character MaR Select B Bit 1 
0 Character Map Select B Bit 0 

If Sequencer Register 4 bit 1 is 1, then the at
tribute byte bit 3 in text modes is redefined to con
trol switching between character sets. A 0 selects 
character map B. A 1 selects character map A. 
Character Map selection from either plane 2 or 
plane 3 is determined by PR2(2), PR2(5) and bit 
4 of the attribute code. 

Bit(7:6) 

Reserved. 

Bit 5 

Character Map A MSB Select. 
The Most Significant Bit (MSB) of character map 
A along with bits 3 and 2, select the location of 
character map A as shown below. 

BITS MAP FONT/PLANE 2 
532 SELECTED OR 3 LOCATION 

000 0 1st 8 KByte 

001 1 3rd 8 KByte 
010 2 5th 8 K~te 
01 1 3 7th 8 KByte 

100 4 2nd 8 K~te 

1 01 5 4th 8 KByte 
1 1 0 6 6th 8 KByte 

111 7 8th 8 KByte 
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Bit 4 

Character Map B MSB Select. 
The MSB of character map B along with bits 1 
and 0, select the location of character map B as 
shown below. 

BITS MAP 
410 SELECTED 
000 0 
001 1 

010 2 

011 3 
100 4 

1 0 1 5 
1 1 0 6 

1 1 1 7 

Bit(3:2) 

Character Map Select A. 
Refer to bit 5 table. 

Bit(1 :0) 

Character Map Select B. 
Refer to bit 4 table. 

FONT/PLANE 2 
OR 3 LOCATION 
1st 8 KByte 

3rd 8 KByte 
5th 8 KByte 

7th 8 KByte 

2nd 8 KByte 
4th 8 KByte 

6th 8 KByte 
8th 8 KByte 

9.6.6 Memory Mode Register, 
Read/Write Port = 3C5, Index = 04 

BIT FUNCTION 

7-4 Reserved 

3 Chain 4 

2 Odd/Even 

1 Extended Memory 

0 Reserved 

Bit(7:4) 

Reserved. 

Bit 3 

Chains 4 Maps. 

WD90COO REGISTERS 

o = Processor sequentially accesses data using 
map mask register. 
1 = Directs the two lower order video memory ad
dress pins (MAO,MA 1) to select the map to be ad
dressed. The map selection table is shown below: 

MA1 MAO MAP SELECTED 
0 0 0 

0 1 1 

1 0 2 

1 1 3 

Bit 2 

Odd/Even Map Selection. 
o = Even processor addresses to access maps 0 
and 2. Odd processor addresses to access maps 
1 and 3. 
1 = Sequential processor access as defined by 
map mask register. 

Bit 1 

Extended Video Memory. 
o = 64 KB of video memory. 
1 = Greater than 64KB of memory for VGAlEGA 
modes. 

Bit 0 

Reserved. 
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9.7 CRT CONTROLLER REGISTERS 

PORT INDEX VGA REGISTER NAME *6845 REG NAME 
3?4 --- CRT Controller Address Re~. CRTC Address Req 

3?5 00 Horizontal Total Hor. Total 
3?5 01 Horizontal Display Enable End Hor.Disp 

3?5 02 Start Horizontal Blankinq + 
3?5 03 End Horizontal Blankinq + 
3?5 04 Start Horizontal Retrace + 
3?5 05 End Horizontal Retrace + 
3?5 06 Vertical Total Vert. Disp. 

3?5 07 Overflow + 
3?5 08 Preset Row Scan + 
3?5 09 Maximum Scan Line/Others Max. Scan Line Add. 

3?5 OA Cursor Start Cursor Start 

3?5 OB Cursor End Cursor End 

3?5 OC Start Address High Start Add. High 

3?5 00 Start Address Low Start Add. Low 

3?5 OE Cursor Location Hig_h Cursor Loc. Hiqh 

3?5 OF Cursor Location Low Cursor Loc. Low 

3?5 10 Vertical Retrace Start Liqht Pen Hiqh Read 

3?5 11 Vertical Retrace End Liqht Pen Low Read 

3?5 12 Vertical Display Enable End + 
3?5 13 Offset + 
3?5 14 Underline Location + 
3?5 15 Start Vertical Blank + 
3?5 16 End Vertical Blank + 
3?5 17 CRTC Mode Control + 
3?5 18 Line Compare + 

TABLE 7. CRT CONTROLLER REGISTERS 

NOTES: 
1. "?" Value is controlled by Bit 0 of the Miscellaneous Output Register and is programmed 
as shown below: 
O=B in Monochrome Modes and 
1 =0 in Color Modes 

WD90COO 

2. "." 6845 Mode Registers are defined and explained in greater detail in the reference literature. 

3. "+" This register can be programmed in VGA mode only. It is not applicable in 6845 mode. 

4. Reserved bits should be set to zero. 
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9.7.1 CRT Address Register Read/Write 
Port = 314 

BIT 

7-5 
4-0 

Bit(7:S) 

Reserved. 

Bit(4:0) 

Reserved 
Index bits 

Index Register Bits. 

FUNCTION 

CRT Controller index pointer bits to specify the 
register to be addressed. Its value is 
programmed hex. 

9.7.2 Horizontal Total Register 
Read/Write Port = 31S, Index=OOH 

FUNCTION 

Horizontal Total Period 

This register is locked if the PR Register PR3 (5) 
= 1 or the Vertical Retrace End Register bit 7 = 1. 

Bit(7:0) 

Count Plus Retrace Less 5. 
In VGA mode, the total character count is the 
total number of characters including retrace time 
less 5, per horizontal scan line. 

9.7.3 Horizontal Display Enable End 
Register Read/Write Port = 31S, 
Index 01H 

FUNCTION 

Bit(7:0) 

Horizontal blanking begins when the horizontal 
character counter reaches this character clock 
value. 

WD90COO REGISTERS 

9.7.4 Start Horizontal Blanking Register 
Read/Write Port = 31S, Index = 02H 

FUNCTION 

Start Horizontal Blankin 

Horizontal blanking begins when the horizontal 
character counter reaches this character clock 
value. This register is locked if the PR Register 
PR3 (5) = 1 or the Vertical Retrace End Register 
bit 7 = 1. 

9.7.S End Horizontal Blanking Register 
Read/Write Port = 31S, Index = 03H 

BIT FUNCTION 

7 Reserved 
6,5 Display Enable SiQnal Skew Control 
4-0 End Horizontal BlankinQ (lower 5 bits) 

This register is locked if the PR Register PR3(5) 
= 1 OR the Vertical Retrace End Register bit 7 = 
1. 

Bit 7 

Reserved 

Bit(6:S) 

Display Enable Signal Skew Control. 
They define the display enable signal skew time 
in relation to horizontal synchronization pulses. 
The skew table is shown below: 

BIT6 BITS SKEW IN CHARACTER 
CLOCKS 

0 0 0 
0 1 1 
1 0 2 
1 1 3 
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Bit (4:0) 

End Horizontal Signal Width. 
End Horizontal Blank signal width "W" is deter
mined as the value of start blanking register plus 
"W" in character clocks. The least significant five 
bits are programmed in this register, while the 
most significant bit is the End Horizontal Retrace 
Register (Index 05H) bit 7. 

9.7.S Start Horizontal Retrace Register 
Read/Write Port = 3?5, Index = 04H 

BIT FUNCTION 

7-0 Start Horizontal Retrace 
Character Count 

Bit(7:0) 

Start Horizontal Retrace Character Count. 
Hex value in character count at which horizontal 
retrace output pulse becomes active. This 
register is locked if the PR Register PR3 (5) = 1 
or the Vertical Retrace End Register bit 7 = 1. 

9.7.7 End Horizontal Retrace Register 
Read/Write Port = 3?5, Index = 05H 

BIT FUNCTION 

7 End Horizontal Blank bit 6 
6,5 Horizontal Retrace Delay 
4-0 End Horizontal Retrace 

This register is locked if the PR Register PR3 (5) 
= 1 or the Vertical Retrace End Register bit 7 = 1. 

Bit 7 

MSB (Sixth Bit) Of End Horizontal Blanking 
Register. 

WD90COO 

Bit(S:5) 

Horizontal Retrace Delay. 
These bits define horizontal retrace signal delay. 
See the following table for details: 

BITS BIT5 CHARACTER CLOCK 
DELAY 

0 0 0 

0 1 1 
1 0 2 

1 1 3 

Bit(4:0) 

End Horizontal Retrace Pulse Width "W". 
Start retrace register value is added to the charac
ter count for width "W". The least significant five 
bits are programmed in this register. When the 
Start Horizontal Retrace Register value matches 
these five bits, the horizontal retrace signal is 
turned off. 

9.7.8 Vertical Total Register 
Read/Write Port = 3?5,lndex = OSH 

FUNCTION 

Vertical Total Scan Lines 

Bit(7:0) 

Raster Scan Line Total Less 2. 
The least significant eight bits of a ten bit count of 
raster scan lines for a display frame. The loaded 
value includes vertical total scan lines minus 2. 
Time for vertical retrace, and vertical sync are 
also included. The ninth and tenth bits of this III 
count are loaded into the Vertical Overflow 
Register (index = 07H) bit 0 and bit 5 respective-
ly. In 6845 modes, total vertical display time in 
rows is programmed into bit 6 - bit 0, while bit 7 is 
reserved. Scan count reduction is not necessary. 
(The number of scan lines in a row is determined 
by the maximum Scan Line Register (index 09H 
bits 0 through 4). This register is locked if the PR 
Register PR3 (0) = 1 or the Vertical Retrace End 
Register bit 7 = 1. 
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9.7.9 Overflow Vertical Register 
Read/Write Port = 3?5, Index = 07H 

BIT FUNCTION 

7 Vert. Ret. Start Bit 9 
6 Vert. Display Enable End Bit 9 

5 Vert. Total Bit 9 
4 Line Compare Bit 8 
3 Start Vert. Blank Bit 8 
2 Vert. Ret. Start Bit 8 
1 Vert. Display Enable End Bit 8 
0 Vert. Total Bit 8 

++Bit 7 

Vertical Retrace Start Bit 9 (index = 10H). 

**Bit S 

Vertical Display Enable End Bit 9 (index = 12H). 

++Bit 5 

Vertical Total Bit 9 (index = 06H). 

Bit 4 

Line Compare Bit 8 (index = 18H). 

++Bit 3 

Start Vertical Blank Bit 8 (index =15H). 

++Bit 2 

Vertical Retrace Start Bit 8 (index = 10H). 

**Bit 1 

Vertical Display Enable End Bit 8 (index = 12H). 

++Bit 0 

Vertical Total Bit 8 (index = 06H). 

WD90COO REGISTERS 

NOTES: 
** This register is locked if the PR Register 
PR3(1 )=0 AND the Vertical Retrace End Register 
bit 7 = 1. 

++ This register is locked if the PR Register 
PR3(O) = 1 OR the Vertical Retrace End Register 
bit 7 = 1. 

9.7.10 Preset Row Scan Register 
Read/Write Port = 3?5, Index = OSH 

BIT 

7 
6,5 
4-0 

Bit 7 

Reserved. 

Bit(S:5) 

FUNCTION 

Reserved 
Byte Panning Control 

Preset Row Scan Count 

Byte Panning Control. 
These bits allow up to 3 bytes to be panned in 
modes programmed as multiple shift modes. 

BITS BIT 5 OPERATION 
0 0 Normal 
0 1 1 byte left shift 
1 0 2 bytes left shift 
1 1 3 bytes left shift 

Bit(4:0) 

Preset Row Scan Count. 
These bits preset the vertical row scan counter 
once after each vertical retrace. This counter is in
cremented after each horizontal retrace period, 
until the maximum row scan count is reached. 
When maximum row scan count is reached, the 
counter is cleared. This register can be used for 
smooth vertical scrolling of text. 
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9.7.11 Maximum Scan Line Register 
Read/Write Port=3?5, Index=09H 

BIT FUNCTION 

7 200 to 400 Line Conversion 
6 Line Compare bit 9 
5 Start Vertical Blank bit 9 
4-0 Maximum Scan Line 

Bit 7 

200 To 400 Line Conversion. 
o = Normal operation. 
1 = Activate line doubling. The row scan counter 
is clocked at half the horizontal scan rate to allow 
200 line modes display 400 scan lines (each line 
is double scanned). 

Bit 6 

Line Compare. 
This is bit 9 of the Line Compare Register 
(index = 18H). 

Bit 5 

Start Vertical Blank. 
This is bit 9 of the Start Vertical Blank Register 
(index = 15H). This register is locked if the PR 
Register PR3 (O) = 1. 

Bit(4:0) 

Maximum Scan Line. 
Maximum number of scanned lines for each row 
of characters. The value programmed is the max
imum number of scanned rows per character 
minus 1. In 6845 mode, bits 5-7 are reserved, 
and bits 4-0 are programmed with the maximum 
scan line count less 1 for non-interlace mode. In
terlaced mode is not supported. 

WD90COO 

9.7.12 Cursor Start Register 
Read/Write Port = 3?5, Index = OAH 

BIT 

7,6 
5 
4-0 

Bit(7:6) 

Reserved. 

Bit 5 

FUNCTION 

Reserved 
Cursor Control 
Cursor Start Scan Line 

Cursor Control. 
O=Cursor on. 
1 =Cursor off. 

Bit(4:0) 

These bits specify the row scan counter value 
within the character box where the cursor begins. 
These bits contain the value of the character row 
less 1. If this value is programmed with a value 
greater than the Cursor End Register (index = 
OBH), no cursor is generated. For 6845 modes, 
bit 7 is reserved. Bit 5 controls the cursor opera
tion and bits 4-0 contain the cursor start value. 
Bit 6 is not used. 

9.7.13 Cursor End Register 
Read/Write Port = 3?5h, 
Index = OBH 

BIT 

7 
6,5 
4-0 

Bit 7 

Reserved. 

FUNCTION 

Reserved 
Cursor Skew 
Cursor End Scan Line 
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Bit(S:5) 

Cursor Skew Bits. 
Delays the displayed cursor to the right by the 
skew value in character clocks e.g., 1 character 
clock skew moves the cursor right by 1 position 
on the screen. Refer to the table below. 

BITS BIT 5 SKEW 
0 0 0 
0 1 1 
1 0 2 
1 1 3 

Bit (4:0) 
These bits specify the last row scan counter 
value within the character box during which the 
cursor is active. If this value is less than the cur
sor start value, no cursor is displayed. In 6845 
mode, bits 7-5 are reserved and bits 4-0 contain 
row value of the cursor end. 

NOTE: There are three types of cursors 
generated, depending upon the mode i.e, EGA, 
VGA, or 6845 (non-VGA). The above description 
refers to the VGA cursor only. 

9.7.14 Start Address High Register 
Read/Write Port 3?5H, Index = OCH 

FUNCTION 

Start Address Hi h B te 

Bit(7:0) 

Display Screen Start Address Upper Byte Bits. 
Eight high order bits of the 16 bit video memory 
address, used for screen refresh. The low order 
eight bit register is at index DOH. The PR 
Register PR3 bits 3 and 4 extend this video 
memory start register to 18 bits. In 6845 modes 
bits 6 & 7 are forced to 0 regardless of this 
register's contents, while the lower order 8 bits 

. are at index register DOH. 
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9.7.15 Start Address Low Register 
Read/Write Port = 3?5H, 
Index = OOH 

FUNCTION 

Start Address Low B te 

Bit(7:0) 

The lower order eight bits of the 16 bit video 
memory address in VGA or 6845 modes. 

9.7.16 Cursor Location High Register 
Read/Write Port = 3?5h, Index = OEh· 

FUNCTION 

Bit(7:0) 
Cursor Address Upper Byte Bits. 
The eight higher order bits of 16 bit cursor loca
tion in VGA mode. For the lower order eight bits, 
see the Cursor Location Low Register at index 
OFH. In VGA mode, the PR Register PR3 bits 3 
and 4 extend the cursor location High Register to 
18 bits. For 6845 modes, bits 6 and 7 are 
reserved, while bits 5 - 0 are the high order bits of 
the cursor. 

9.7.17 Cursor Location Low Register 
Read/Write Port = 3?5, Index = OFH 

FUNCTION 

Cursor Location Low B te 

Bit(7:0) 

Cursor Address Lower Byte Bits. 
The lower order eight bits of the 16 bit video 
memory address in VGA or 6845 mode. 
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9.7.18 Vertical Retrace Start Register 
Read/Write Port = 3?5, Index=10H 

BIT FUNCTION 

7-0 Vertical Retrace Start 
(Lower eiQht bits) 

Bit(7:0) 

Vertical Retrace Start Pulse Lower Eight Bits. 
The lower eight bits of the ten bit vertical retrace 
start register. Bits 8 and 9 are located in the 
Overflow Register (index = 07H). In 6845 com
patible mode, this register shows the high order 
six bits in positions 5 - 0 as the light pen read 
back value, and bits 6 an 7 are reserved. The 
lower order eight bits of the light pen read back 
register are at the index 11 H. In EGA compatible 
mode this register shows the high order eight bits 
as the light pen value. This register is locked if 
PR register PR3 (0) = 1. 

9.7.19 Vertical Retrace End Register 
Read/Write Port = 3?5, Index = 11 H 

BIT FUNCTION 

7 CRTC 0-7 Write Protect 

6 Select 3/5 DRAM Refresh 

5 Enable Vertical Interrupt 
4 Clear Vertical Interrupt 

3-0 Vertical Retrace End 

This register is locked if the PR Register 
PR3(0)=1. 

Bit 7 

CRTC Registers Write Protect. 
o = Enables writes to CRT index registers OOH-
07H. 
1 = Write protects CRT Controller index registers 
in the range of index 00H-07H. The line compare 
bit 4 in the Overflow Register (07H) is not 
protected. 

WD90COO 

Bit 6 

DRAM Refresh/Horizontal Scan Line. 
Selects DRAM refresh cycles per horizontal scan 
line. 
o = Generates 3 refresh cycles for each horizon
tal scan line for normal VGA operation. 
1 = Generates 5 DRAM refresh cycles per 
horizontal scan line. 

Bit 5 

Enable Vertical Retrace Interrupt. 
o = Enables vertical retrace interrupt. 
1 = Disable vertical retrace interrupt. 

Bit 4 

Clear Vertical Retrace Interrupt. 
o = Clears vertical retrace interrupt by resetting 
(writing a 0 to) an internal flip flop. 
1 = Vertical retrace interrupt. Allows an interrupt 
to be generated after the last displayed scan of 
the frame has occurred (Le., the start of the bot
tom border). 

Bit(3:0) 

Vertical Retrace End. 
They specify scan count at which vertical sync be
comes inactive. For retrace signal pulse width 
"W", add scan counter for "W" to the value of the 
Vertical Retrace Start Register. The 4 bit result is 
written in the Vertical Retrace End Register. In 
6845 or EGA compatible mode, this register al
lows the read back value of the lower eight bits of 
Light Pen Register. 
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9.7.20 Vertical Display Enable End 
Register Read/Write Port = 3?5, 
Index = 12H 

BIT FUNCTION 

7-0 Vertical Display Enable End 
(Lower eight bits) 

Bit(7:0) 

Vertical Display Enable End Lower Eight Bits. 
The eight lower bits of ten bit register that defines 
where the active display frame ends. 
The programmed count is in scan lines minus 1. 
Bits 8 and 9 are in the Overflow Register (index 
07H) at positions 1 and 6 respectively. 

9.7.21 Offset Register 
Read/Write Port = 3?5, Index = 13H 

FUNCTION 

ical Line Screen width 

Bit(7:0) 

Logical Line Screen Width. 
This register specifies the width of display 
memory in terms of an offset from the current row 
start address to the next character row. The of
fset value is a word address adjusted for word or 
double word display memory access. It is calcu
lated as follows: 
Next Row Scan Start Address = Current Row 
Scan Start Address + (K * value in Offset 
Register), where K=2 in byte mode and K=4 in 
word mode. 
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9.7.22 Underline Location Register 
Read/Write Port = 3?5, Index = 14H 

BIT 

7 
6 

5 
4-0 

Bit 7 

Reserved. 

Bit 6 

FUNCTION 

Reserved 
Doubleword Mode 
Count by 4 

Underline Location 

Doubleword Mode. 
o = Display memory addressed for byte or word 
access. 
1 = Display memory addressed for double word 
access. 

Bit 5 

Count By 4 For Double word Access 
o = Memory address counter clocked for byte or 
word access. 
1 = Memory address counter is clocked at the 
character clock rate divided by 4. 

Bit(4:0) 

Underline Location. 
These bits specify the row scan counter value 
within a character matrix where under line is to 
be displayed. Load a value 1 less than the 
desired scan line number. 
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9.7.23 Start Vertical Blank Register 
Read/Write Port = 3?5, Index =15H 

This register is locked if the PR Register 
PR3(O)=1. 

Bit(7:0) 

Start Vertical Blank Lower Eight Bits. 
The lower eight bits of the ten bit Start Vertical 
Blank Register. Bit 8 is in the Overflow Register 
(index = 07H) and bit 9 is in the Maximum Scan 
Line Register (index = 09H). The ten bit value is 
reduced by 1 from the desired scan line count 
where the vertical blanking signal starts. 

9.7.24 End Vertical Blank Register 
Read/Write Port=3?5, Index=16H 

This register is locked if the PR Register 
PR3(O)=1. 

I :I~ I FUNCTION 
End Vertical Blank 

Bit(7:0) 

Vertical Blank inactive Count. 
End Vertical Blank is an 8 bit value calculated as 
follows: 
8 Bit End Vertical Blank value = 
(value of Start Vertical Blank minus 1) + (value of 
Vertical Blank signal width in scan lines). 
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9.7.25 CRT Mode Control Register 
Read/Write Port = 3?5, Index = 17H 

This register is locked if PR Register PR3(5) = 1. 

BIT FUNCTION 

7 Hardware Reset 

6 Word or Byte Mode 

5 Address Wrap 

4 Reserved 

3 Count by 2 

2 Horizontal Retrace Select 

1 Select Row Scan Counter 

0 CGA Compatibility 

Bit 7 

Hardware Reset. 
o = Horizontal and vertical retrace outputs to be 
inactive. 
1 = Horizontal and vertical retrace outputs 
enabled. 

Bit 6 
Word Or Byte Mode. 
o = Word address mode. All memory address 
counter bits shift down by 1 bit and the MSB of 
the address counter appears on the LSB. See 
the table below. 
1 = Byte address mode. 
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MEMORY ADDRESS BYTE ADDRESS 
MODE 

MAO/RFO MAO 

MA1/RF1 1 

MA2/RF2 2 
MA3/RF3 3 

MA4/RF4 4 

MA5/RF5 5 

MA6/RF6 6 
MA7/RF7 7 

MA8/RF8 8 

MA9 9 

MA10 10 

MA11 11 
MA12 12 

MA13 13 

MA14 14 

MA15 15 

NOTE: 
* See bit 5, defining address wrap. This table is 
only applicable when PR Register PR1 bits 7 and 
6 equal zero, or PR16 bit 1 equals one. 
The CRT Underline Location Register (index = 
14H) bit 6 also controls addressing. However, 
when CRT14H(6) = 0, only the CRT Mode Con
trol Register (index 17H) bit 6 controls address
ing. See the table below: 

CRT14H CRT17H ADDRESS 
Bit 6 Bit 6 Mode 

0 0 Word 

0 1 Byte 

1 X Doubleword 
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WORD ADDRESS DOUBLEWORD 
MODE ADDRESS MODE 
*MA15 OR MA13 MA12 

0 MA13 

1 0 

2 1 

3 2 

4 3 

5 4 
6 5 

7 6 

8 7 

9 8 
10 9 

11 10 

12 11 

13 12 

14 13 

Bit 5 
Address Wrap. 
o = In word address mode, this bit enables bit 13 
to appear at MAO, otherwise bit 0 appears on 
MAO. 
1 = Select MA 15 for odd/even mode when 256KB 
of video memory is used on the system board. 

Bit 4 
Reserved. 

Bit 3 
Count by 2 
0= Character clock increments memory address 
counter. 
1 = Character clock divided by 2 increments the 
address counter. 
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Bit 2 

Horizontal Retrace Clock Rate Select For Vertical 
Timing Counter. 
o = Selects horizontal retrace clock rate 
1 = Selects horizontal retrace clock rate divided 
by 2. 

Bit 1 

Select Row Scan Counter. 
0= Selects row scan counter bit 1 as output at 
MA14 address pin. 
1 = Selects bit 14 of the CRTC address counter 
as output at MA14 pin. 

Bit 0 

6845 CRT Controller compatibility mode support 
for CGA operation. 
o = Row scan address bit 0 is substituted for 
memory address bit 13 at MA 13 output pin during 
active display time. 
1 = Enable memory address pin 13 to be output 
at MA 13 address pin. 

9.7.26 Line Compare Register 
Read/Write Port = 315, Index = 18H 

Bit(7:0) 

Line Compare Lower Eight Bits. 
Lower eight bits of the ten bit Scan Line Compare 
Register. Bit 8 is in the Overflow Register (index 
= 07H) and bit 9 is in the Maximum Scan Line 
Register (index = 09H). When the vertical counter 
reaches this value, the internal start of the line 
counter is cleared. This creates a split screen 
where the lower screen does not scroll. 

WD90COO 

9.8 GRAPHICS CONTROLLER 
REGISTERS 

PORT INDEX NAME 
(HEX) (HEX) 

3CE - Graphics Index Register 

3CF 00 SeVReset 

3CF 01 Enable Set/Reset 

3CF 02 Color Compare 

3CF 03 Data Rotate 

3CF 04 Read Map Select 

3CF 05 Graphics Mode 

3CF 06 Miscellaneous 

3CF 07 Color Don't Care 
3CF 08 Bit Mask 

NOTE: 
1. Reserved bits should be set to zero. 

9.8.1 Graphics Index Register 
Read/Write Port = 3CE 

BIT 

7-4 
3-0 

Bit(7:4) 

Reserved. 

Bit(3:0) 

FUNCTION 

Reserved 
Graphics Address Bits 

Graphics Controller Register Index Pointer Bits. 
Note that some of the PR registers reside with 
the index pointer extension beyond the standard III 
VGA Graphics Controller registers. 
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9.8.2 Set/Reset Register, 
Read/Write Port 3CF, Index = OOH 

BIT 

7-4 
3 
2 

1 
0 

Bit(7:4) 

Reserved. 

FUNCTION 

Reserved 

SeVReset Map 3 

SeVReset Map 2 

SeVReset Map 1 
SeVReset Map 0 

Bit(3:0) 
SeVReset Map. 
When the CPU executes display memory write 
with Write Mode O' selected and the Enable 
SeVReset Register (index = 01 H) activated, the 
eight bits of the bit value in this register, which 
have been operated on by the Bit Mask Register, 
are then written to the corresponding display 
memory map. It is an eight bit fill operation. The 
map designations are defined below: 
0= Reset. 
1 = Set. 

BIT SET/RESET 
3 Map3 

2 Map2 

1 Map 1 

0 Map 0 

NOTE: 
'The selection of Write Mode 0 is determined by 
the Graphics Mode Register (index = 05H) bit 1 
and bit O. 
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9.8.3 Enable Set/Reset Register, 
Read/Write Port = 3CF, 
Index = 01H 

BIT 
7-4 
3 

2 

1 

0 

Bit(7:4) 

Reserved. 

Bit(3:0) 

FUNCTION 

Reserved 

Enable SeVReset Map 3 

Enable SeVReset Map 2 

Enable SeVReset Map 1 
Enable SeVReset Map 0 

Enable Set/Reset Register (Index OOH). 

o = When Write Mode 0 is selected, these bits, 
set to 0, disable the SeVReset Register (index = 

OOH) memory map access and the map is written 
with the rotated 8-bit data from the system 
microprocessor as defined by the Data Rotate 
Register. 
1 = When Write Mode 0 is selected, these bits 
enable memory map access defined by the 
SeVReset Register (index = OOH), and the respec
tive memory map is written with the SeVReset 
Register value. 
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9.8.4 Color Compare Register, 
Read/Write Port 3CF, 
Index = 02H 

BIT 

7-4 

3 
2 
1 

0 

Bit(7:4) 

Reserved. 

Bit(3:0) 

FUNCTION 

Reserved 

Color Compare Map 3 

Color Compare Map 2 

Color Compare Map 1 
Color COIllp_are Ma~ 0 

Color Compare. 
The color compare bit contains the value to which 
all 8 bits of the corresponding memory map are 
compared. This comparison also occurs across 
all four maps, and a 1 is returned for the map 
positions where the bits of all four maps equal the 
Color Compare Register. If a system read is 
done with bit 3 = a for the Graphics Mode 
Register (index = a5H), data is returned without 
comparison. Color compare map coding is 
shown below. 

BIT COLOR COMPARE 
3 Map3 
2 MaQ2 
1 M~1 

O. Mapa 
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9.B.5 Data Rotate Register, 
Read/Write Port = 3CF, Index = 03H 

BIT 

7-5 

4 

3 

2 
1 

a 

Bit(7:5) 

Reserved. 

FUNCTION 

Reserved 

Function Select 1 

Function Select 0 
Rotate Count 2 Bit 2 

Rotate Count 1 Bit 1 

Rotate Count 0 Bit 0 

Bit(4:3) 

Function Select. 
Function select for any of the write mode opera
tions defined in the Graphics Mode Register 
(index = a5H) is defined as follows. 

BIT4 BIT3 
a a 

a 1 

1 a 

1 1 

Bit(2:0) 

Rotate Count. 

FUNCTION 
Video memory data un-
modified 

Video memory data ANDed 
with system data in the 
latches 

Video memory data ORed 
with system data in the 
latches 

Video memory data XORed 
with system data in the 
latches 

It specifies number of bit positions of rotation to 
the right. Data written by the CPU is rotated in 
write mode 0, defined by the Graphics Mode 
Register (index = 05H). 
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9.8.6 Read Map Select Register, 
Read/Write Port = 3CF, Index = 04H 

BIT 
7-2 
1 

0 

Bit(7:2) 

Reserved. 

FUNCTION 
Reserved 
Map Select 1 

Map Select 0 

Bit(1 :0) 

Map Select. 
These bits select memory map in system read 
operations. It has no effect on color compare 
read mode. In odd/even modes, the value can 
be OOb or 01 b to select chained maps 0 & 1 or 
value lOb or llb to select the chained maps 2 & 
3. Map read is defined as shown below. 

BIT 1 BIT 0 READ MAP 
0 0 0 
0 1 1 
1 0 2 
1 1 3 
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9.8.7 Graphics Mode Register, 
Read/Write Port = 3CF, Index = 05H 

BIT 

7 
6 
5 
4 
3 
2 
1 
0 

Bit 7 

Reserved. 

Bit 6 

FUNCTION 

Reserved 
256 Color Mode 
Shift Register 
CGA Odd/Even 
Read Type 
Reserved 
Write Mode bit 1 
Write Mode bit 0 

256 Color Mode. 
a = Enables bit 5 of this register to control loading 
of the shift registers. Four bit pixel is expanded 
to six bits through internal palette and is sent out 
on the lower six bits (VID5 - VIDO) pins every dot 
clock. The remaining two video outputs (VID6, 
VID7) are determined by bits 2 and 3 of the Color 
Select Register located at index = 14H within the 
Attribute Controller. 
1 = Load video shift registers to support 256 color 
mode. 

Bit 5 

Shift Register. 
Shift register load controls the way in which 
memory data is formatted in the four video shift 
registers. MSB is shifted out in all cases. 
o = Map 0 - Map 3 data is placed into shift 
registers for normal operations. 
1 = For CGA graphics mode compatibility, even 
numbered bits from all of the maps are shifted 
out of even numbered shift registers, and odd 
numbered bits from all the maps are shifted out 
of odd numbered shift registers. 
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Bit 4 

Odd/Even Mode. 
0= normal 

WD90COO 

04H). This setting will have no effect if bit 3 of 
the Sequencer Memory Mode Register = 1 . 

1 = CGA compatible odd/even system access 
mode. Sequential addressing as defined by bit 2 
of the memory mode register (index = 04H) in the 
Sequencer Register. Even system addresses ac
cess maps 0 or 2 and odd system addresses ac
cess maps 1 or 3. 

1 = System reads the comparison of the memory 
maps and the Color Compare Register. 

Bit 2 
Reserved. 

Bit(1 :0) 
Write Mode. Bit 3 

Read Mode. 
The following table defines the four write modes. 

o = System reads data from memory maps 
selected by Read Map Select Register (index 

BITO BIT1 WRITE MODE 

0 0 Write Mode o. If the SeVReset Register function is enabled for 
any of the maps, the eight bits of the bit value in the Set/Reset 
Register, which have been operated on by the Bit Mask Register, 
are then written to the corresponding display memory map. If the 
SeVReset Register function is disabled, the map is written with 
the CPU data which is right rotated by the number of bits defined 
in the Data Rotate Reqister, with the old LSB now the new MSB. 

0 1 Write Mode 1. This mode can be used to write the same value to 
many memory locations. The 32 bits of data in the system 
latches are written into each of the four memory maps. The sys-
tem read operation loads the latches. 

1 0 Write Mode 2. Memory maps (3:0) are filled with the 8-bit value 
of the corresponding CPU data bits (3:0). The 32 bit output of 
the four memory maps is then operated on by the Bit Mask 
Register and the resulting data is written to the four memory 
maps. 

1 1 Write Mode 3. Eight bits of the value contained in the Set/Reset 
Register (index = OOH) is written into the corresponding map, 
regardless of the Enable SeVReset Register (index = 01 H). The 
right rotated CPU data (see Write Mode 0) is ANDed with Bit 
Mask Register data to form an 8-bit mask value that performs the 
same function as the Bit Mask Reaister in Write Modes 0 and 2. 
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9.S.S Miscellaneous Register, 
Read/Write Port = 3CF, Index = 06H 

BIT 
7-4 
3 
2 
1 

0 

Bit(7:4) 

Reserved. 

Bit(3:2) 

FUNCTION 
Reserved 
Memory Map 1 

Memory Map 0 

Odd/Even 

Graphics Mode 

Memory Map 1, 0 
Display memory map control into the CPU ad
dress space is shown below: 

BIT3 BIT2 CPU ADDRESS LENGTH 
RANGE 

0 0 AOOO:OH- 128KB 
BFFF:FH 

0 1 AOOO:OH- 64KB 
AFFF:FH 

1 0 BOOO:OH- 32KB 
B7FF:FH 

1 1 B800:0H- 32KB 
BFFF:FH 

Bit 1 
Odd/Even Mode. 
o = CPU address bit AO is the memory address 
bit MAO. 
1 = CPU address bit AD is replaced by higher 
order address bit. AO is then used to select odd 
or even maps. AO = 0 selects map 0 or 2, while 
AO = 1 selects map 1 or 3. 
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Bit 0 
Graphics/Alphanumeric Mode 
This bit is programmed the same way as bit 0 of 
the Attribute Mode Control Register. 
o = Alphanumeric mode selects. 
1 = Graphics mode selected. 

9.S.9 Color Don't Care Register, 
Read/Write Port 3CF, Index = 07H 

BIT 
7-4 
3 
2 

1 
0 

Bit(7:4) 

Reserved. 

Bit(3:0) 

FUNCTION 
Reserved 

Memory Map 3 

Memory Map 2 
Memory Map 1 

Memory Map 0 

Memory Map Color Compare Operation. 

o = Disable color compare operation. 
1 = Enable color compare operation. 
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9.S.10 Bit Mask Register, 
Read/Write Port = 3CF, Index = OSH 

BIT FUNCTION 

7 - 0 Bit Mask 

Bit(7:0) 

Bit mask operation applies simultaneously to all 
the four maps. In Write Modes 0 and 2, this 
register provides selective changes to any bit 
stored in the system latches during processor 
writes. Data must be first latched by reading the 
addressed byte. After setting the Bit Mask 
Register, new data is written to the same byte in 
a subsequent operation. Bit mask operation is 
applicable to any data written by the processor. 

o = Bit position value is masked or is not change
able. 
1 = Bit position value is unmasked and can be 
changed in the corresponding map. 

9.9 ATTRIBUTE CONTROLLER 
REGISTERS 

PORT INDEX NAME 
(HEX) (HEX) 

3CO -- Index Register 

3CO ~O-OF Palette Registers 

3CO 10 Attribute Mode Control 
Register 

3CO 11 Overscan Control Register 

3CO 12 Color Plane Enable 
Register 

3CO 13 Horizontal PEL Panning 
Register 

3CO 14 Color Select Register 

NOTES: 
1. Each attribute data register is written at 3CO 
and register data is read from address 3C1. 
2. Reserved bits should be set to zero. 
3. ? " Value is controlled by Bit 0 of the Miscel
laneous Output register and is programmed as 
shown below. 

o = B in Monochrome Modes and 
1 = D in Color Modes 

9.9.1 Attribute Index Register, 
Read/Write Port = 3CO 

BIT 

7-6 
5 
4-0 

Bit(7:6) 

Reserved. 

Bit 5 

FUNCTION 

Reserved 
Palette Address Source 

Attribute Address Bits 

Palette Address Source. 
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o = Disable internal color palette outputs and 
video outputs to allow CPU access to color 
palette registers (index 00 - OFH). 
1 = Enable internal color palette and normal 
video translation. 

Bit(4:0) 

Attribute Controller Index Register Address Bits 

NOTE: 
The Attribute Index Register has an internal flip
flop, rather than an input bit, which controls the 
selection of the Address and Data Registers. 
Reading the Input Status Register 1 (port = 3?A) 
clears the flip-flop and selects the Address 
Register, which is read thru address 3C1 and writ
ten at address 3CO. Once the Address Register 
has been loaded with an index, the next write 
operation to 3CO will load the Data Register. The 
flip-flop toggles between the Address and the 
Data Registers after every write to address hex 
3CO, but does not toggle for reads to address 
3C1. 

9.9.2 Palette Registers (OO-OF Hex), 
Read Port 3C1/Write Port 3CO 

BIT FUNCTION 
7-6 Reserved 

5 VID5 

4 VID4 

3 VID3 
2 VID2 

1 VID1 

0 VIDO 
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Bit(7:6) 

Reserved. 

Bit(5:0) 

Palette Pixel Colors. 
They are defined as follows: 
o = Current pixel color deselected. 
1 = Enable corresponding pixel color per the 
table below. 

Bit 5 VID5 

Bit 4 VID4 
Bit 3 VID3 

Bit 2 VID2 
Bit 1 VID1 

Bit 0 VIDO 

9.9.3 Attribute Mode Control 
Register Read Port 3C1/Write 
Port 3CO, Index = 10H 

BIT FUNCTION 

7 VID5, VID4 Select 

6 PEL Width 

5 PEL Panning Compatibility 

4 Reserved 
3 Enable Blink/Select Background In-

tensity 

WD90COO REGISTERS 

Bit 7 

VID5, VID4 Select 
o = VID5 and VID4 palette register outputs are 
selected. 
1 = Color Select Register (index 14H) bits 1 and 
o are selected for outputs at VID5 and VID4 pins. 

Bit 6 

Pixel Width 
o = Disable 256 color mode pixel width. The 
PCLK output is the same as the internal dot clock 
rate. 
1 = Enable pixel width for 256 color mode. The 
PCLK output is the internal dot clock divided by 
two. 

Bit 5 

PEL Panning Compatibility 
Line Compare in the CRT Controller. 
o = A Line compare will have no effect on the 
PEL Panning Register. 
1 = Allows a successful line compare to disable 
the PEL Panning Register and also bits 5 and 6 
of the CRT Controller Register 08 until VSYNC 
occurs. Allows pixel panning of a selected por
tion of the screen. 

2 Enable Line Graphics Character Code 

1 Mono-Emulation 

0 Graphics/Alphanumeric Mode 
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Bit 4 

Reserved. 

Bit 3 

Background Intensity/Blink Selection. 
a = Selects background intensity from the MSB of 
the attribute byte. 
1 = Selects blink attribute. 

Bit 2 

Enable Line Graphics Character Code. 
Set this bit to zero for character fonts that do not 
utilize line graphics character codes. 
a = Forces ninth dot to be the same color as 
background in line graphics character codes. 
1 = Used in MDA line graphics modes. The ninth 
dot character is forced to be identical to the 
eighth character dot. 

Bit 1 

Mono/Color Emulation. 
a = Color display attributes. 
1 = MDA attributes 

Bit 0 

Graphics/Alphanumeric Mode Enable. 
a = Alphanumeric mode. 
1 = Graphics mode. 

9.9.4 Overscan Color Register 
Read Port 3C1/Write Port 3CO, 
Index = 11H 

BIT FUNCTION 
7 VID7 

6 VID6 
5 VID5 
4 VID4 
3 VID3 
2 VID2 
1 VID1 
a VIDa 

Bit(7:0) 

Overscan/Border Color. 
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They determine the overscan or border color. 
For monochrome display, this register is set to O. 
Border colors are set as shown above. 

9.9.5 Color Plane Enable Register 
Read Port 3C1/Write Port 3CO, 
Index = 12H 

BIT 

7-6 

5 
4 
3-0 

Bit(7:6) 

Reserved. 

Bit(5:4) 

FUNCTION 

Reserved 
Video Status MUX1 
Video Status MUXO 
Enable Color Plane 

Video Status Control. 
These bits select 2 out of 8 color outputs which 
can be read by the Input Status Register 1 (port = 
a3?A) bits 4 and 5. 

COLOR PLANE INPUT STATUS 
REGISTER 

BIT 5 BIT 4 BIT5 BIT4 
a 0 VID2 VIDO 
a 1 VID5 VID4 
1 0 VID3 VID1 
1 1 VID7 VID6 

Bit(3:0) 

Color Plane Enable. 
a = Disables respective color planes. Forces 
pixel bit to 0 before it addresses palette. 
1 = Enables the respective display memory color 
plane. 
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9.9.6 Horizontal Pel Panning 
Register Read Port 3C1/Write 
Port 3CO, Index = 13H 

BIT 
7-4 

3-0 

Bit(7:4) 

Reserved. 

Bit(3:0) 

FUNCTION 

Reserved 

Horizontal PEL PanninQ 

Horizontal Pixel Panning. 
It is available in text or graphics modes. These 
bits select pixel shift to the left horizontally. For 9 
dots/character modes, up to 8 pixels can be 
shifted horizontally to the left. Likewise, for 8 
dots/character up to 7 pixels can be shifted 
horizontally to the left. For 256 color, up to 3 posi
tion pixel shift can occur. The following table 
defines the shift in different modes. 

LEFT SHIFT PIXEL VALUE 
Register 900ts 8 dots 256 
Value Character Character Color 

Mode 
0 1 0 0 
1 2 1 --

2 3 2 1 

3 4 3 --
4 5 4 2 
5 6 5 --

6 7 6 3 
7 8 7 --
8 0 -- --
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9.9.7 Color Select Register 
Read Port 3C1/Write Port 3CO, 
Index = 14H 

BIT 

7-4 

3 
2 

1 

0 

Bit(7:4) 

Reserved. 

Bit(3:2) 

Reserved 
S Color 7 

S Color6 

S Color 5 
S Color4 

Color Value MSB. 

FUNCTION 

Two most two significant bits of the eight digit 
color value for the video OAC. They are normally 
used in all modes except 256 color graphics. 
Bit 3 = Set color bit V107. 
Bit 2 = Set color bit VI06 

Bit(1 :0) 
Substituted Color Value Bits. 
These bits can be substituted for VI05 an VI04 
output by the Attribute Controller palette 
registers, to create eight bit color value. They are 
selected by the Attribute Controller Mode Control 
Register (index = 10H). 
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9.10 COMPATIBILITY REGISTERS 

NAME PORT (HEX) 

Mode Control Register 3?8 
Color Select Register 3D9 

Status Register 3?A 
AT&T/M24 Register 3DE 
Hercules Register 3BF 

Preset Light Pen Latch 3B9 (Mono) 
3DC (CGA) 

Clear Light Pen Latch 3?B 

NOTES: 
1. The Compatibility Registers are available only 
in 6845 mode (non-VGA), which is enabled by 
setting PR Register PR2(6) = 1. 

2. The AT&T/M24 Register also requires that M24 
mode be enabled. This is done by setting PR 
Register PR2(7) = 1. 

3. "?" Value is controlled by Bit 0 of the Miscel
laneous Output Register and is programmed as 
shown below: 
o = B in Monochrome Modes 
1 = D in Color Modes 

9.10.1 Hercules/MDA Mode Control 
Register, MDA Operation Write Only 
Port = 3B8H 

BIT FUNCTION 
7 Reserved/Display Memory Page 

Select 

6 Reserved 

5 Enable Blink 

4 Reserved 
3 Video Enable 

2 Reserved 
1 Reserved/ Port 3BFH Enable 

0 High Resolution Mode 

WD90COO 

Bit 7 

Reserved in MDA mode. If Bit 1 =1 and Port 
3BFH bit 0 = 1, then this bit in Hercules Graphics 
mode selects the Display Memory Page. 
o = Display memory page address starts at 
BOOO:OH. 
1 = Display memory page address starts at 
B800:0H. 

Bit 6 

Reserved. 

Bit 5 

Enable Blink. 
o = Disable Blinking 
1 = Enable Blinking 

Bit 4 

Reserved. 

Bit 3 

Video enable. 
o = Video Disable 
1 = Video activated 

Bit 2 

Reserved. 

Bit 1 

Port 3BFH enable. 
0= Prevents setting of Port 3BF bit 1 :0, thereby 
forcing the alpha mode operation. 
1 = Allows the Port 3BFh bit 1:0 to switch for the 
alpha or graphics mode selection. 

Bit 0 

High Resolution Mode. Should be 1. 
0= High resolution disabled. 
1 = High resolution is enabled. 
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9.10.2 Hercules Compatibility Register 
Write Only Port = 3BFH 

BIT 
7-2 

1 

0 

Bits (7:2) 

Reserved. 

Bit 1 

FUNCTION 
Reserved 
Upper Memory Page Address 

Enable Graphics 

Upper Memory Page Address. 
Enable Mode Control Register (3B8) bit 7 selects 
the displayed memory page address in the 
graphics mode. When it is reset, bit 1 prevents 
access to the second memory page, located at 
B800:0H for the 32 Kbyte memory space. 
o = Upper memory page is mapped out. 
1 = Upper memory page is accessible. 

Bit 0 
Enable Graphics. 
Allows the Enable Mode Register (3B8) bit 1 to 
override. 
o = Alpha mode display. 
1 = Graphics modes may be displayed. 

9.10.3 Color CGA Operation Register, 
Write Only Port = 308 

BIT FUNCTION 
7,6 Reserved 
5 Enable Blink 

4 BIW Grap_hics Mode 

3 Enable Video 

2 BIW/Color Mode Select 

1 Graphics/Alpha Mode Select 

0 Alpha Mode 

Bit (7:6) 

Reserved. 

Bit 5 
Enable Blink Function. 

WD90COO REGISTERS 

0= Disables blinking function. 
1 = For normal operation, set this bit to allow 
blinking. 

Bit 4 

BIW Graphics Mode Enable. 
o = Deselect 640 by 200 B/W graphics mode. 
1 = Enable 640 by 200 BIW graphics mode. 

Bit 3 
Activate Video Signal. 
o = Deactivates video signal. This is done during 
mode changes. 
1 = Enable video signal. 

Bit 2 
BIW or Color Display Mode. 
0= Color mode selected. 
1= BIW mode selected. 

Bit 1 
Text or Graphics Mode Selection. 
o = Alpha mode enabled. 
1 = Graphics mode (320 by 200) activated. 

Bit 0 

(40 by 25) or (80 by 25) Text Mode Selection. 
o = 40 by 25 alpha mode enabled. 
1 = 80 by 25 alpha mode activated. 
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9.10.4 CGA Color Select Register 
Write Only Port = 309 

BIT 
7,6 
5 
4 
3 
2 
1 
0 

Bit (7:6) 

Reserved. 

Bit 5 

FUNCTION 
Reserved 
Graphics Mode Color Set 

Alternate Color Set 
Border Intensity 

Red Border 
Green Border 

Blue Border 

320 by 200 Color Set Select for the CGA 2 bits 
per pixel. 
o = Background, green, red, brown colors. 
1 = Background, cyan, magenta, white colors. 

Bit 4 

Alternate Color Set Enable. 
o = Background color in alpha mode. 
1 = Enable alternate color set in graphics mode. 

Bit 3 

Border Intensity. 
Border color select in text modes, and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 
Alphanumeric mode. 
1 = Selects intensified border color. 
320 by 200 Graphics Mode. 
1 = Selects intensified background and border 
color (CO - C1). 
640 by 200 Graphics Mode. 
1 = Selects intensified foreground color. 

WD90COO 

Bit 2 

Red Border/Background. 
Border color select in text modes, and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 
Alphanumeric Mode. 
1 = Selects red border color. 
320 by 200 Graphics Mode. 
1 = Selects red background and border color 
(CO-C1). 
640 by 200 Graphics Mode. 
1 = Selects red foreground color. 

Bit 1 

Green Border/Background. 
Border color select in text modes, and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 
Alphanumeric Mode. 
1 = Selects green border color. 
320 by 200 Graphics Mode. 
1 = Selects green background and border color 
(CO - C1). 
640 by 200 Graphics Mode. 
1 = Selects green foreground color. 

Bit 0 

Blue Border/Background. 
Border color select in text modes, and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 
Alphanumeric Mode. 
1 = Selects blue border color. 
320 by 200 Graphics Mode. 
1 = Select blue background and border color (CO -

C1). • 
640 by 200 Graphics Mode. 
1 = Selects blue foreground color. 
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9.10.5 CRT Status Register 
MDAOperation, Read Only 
Port = 3BA 

BIT FUNCTION 
7 VSYNC Inactive 
6-4 Reserved 

3 BIW Video Enabled 

2 - 1 Reserved 
0 Display Enable Inactive 

Bit 7 
Vertical Retrace. 
o = Indicates the raster is in vertical retrace mode. 
1 = Indicates vertical retrace is inactive (inverted 
VSYNC if I/O is mapped into 3BX). 

Bit (6:4) 

reserved. 

Bit 3 

BIW Video Status. 
0= BIW Video disabled. 
1 = BIW Video enabled. 

Bit 2 - Bit 1 

Reserved. 

Bit 0 

Display Enable. 
o = Display Enable is active. 
1 = Indicates the screen border or blanking is ac
tive; Display Enable is inactive. 

WD90COO REGISTERS 

9.10.6 CRT Status Register 
CGA Operation, Read Only 
Port = 3DA 

BIT 
7-4 
3 
2 
1 
0 

Bit (7:4) 

Reserved. 

Bit 3 

FUNCTION 
Reserved 

VSYNC Active 
Light Pen Switch Status 

Light Pen Latch Set 
Display Enable Inactive 

Vertical Retrace. 
o = Indicates vertical retrace is inactive. 
1 = Indicates the raster is in vertical retrace mode. 

Bit 2 
Light Pen Switch Status. 
o = Light pen switch closed. 
1 = Light pen switch open 

Bit 1 

Light Pen Latch. 
o = Light pen latch cleared. 
1 = Light pen latch set. 

Bit 0 

Display Enable. 
o = Display Enable is active. 
1 = Indicates the screen border or blanking ac
tive; Display Enable is inactive. 
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9.10.7 AT&T/M24 Register, Write Only 
Port = 3DE 

This is a write only, 8-bit register located at ad
dress 3DE. It is used to control the 640 by 400 
AT&T graphics mode. All bits are set to zero by 
reset. This register is enabled by setting bit 7 in 
PR Register 2 (PR2). 

BIT 

7 

6 
5,4 

3 

2 
1 

0 

Bit 7 

Reserved. 

Bit 6 

FUNCTION 
Reserved 

White/Blue Underline 

Reserved 
Memory Map Display 

Character Set Select 
Reserved 

AT&T Mode Enable 

White/Blue Underline. 
Defines underline attribute according to the MDA 
display requirements. 
o = Underline attribute selects blue foreground in 
color text modes. 
1 = Underline attribute selects white underlined 
foreground. 

Bit (5:4) 

Reserved. 

Bit 3 

Page Select. 

WD90COO 

Selects between one or two 16 Kbyte RAM page 
for display in 200 line graphics mode. 
o = Display memory address starts at B800:0H 
(16 KB length). 
1 = Display memory address starts at BCOO:OH 
(16 KB length). 

Bit 2 

Character Set Select. 
Selects between two character font planes. 
o = Standard character font from plane 2. 
1 = Alternate character font from plane 3. 

Bit 1 

Reserved. 

Bit 0 

M24 or Non-IBM Graphics Mode. 400 line mode. 
A 400 line monitor is required for this mode. 
o = 200 line graphics mode active, using paired 
lines. 
1 = AT&T mode enabled for 400 line graphics. 
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9.11 WD90COO PR REGISTERS 

NAME 
Address Offset A 

Alternate Address Offset 8 
Memory Size 

Video Select 

CRT Control 

Video Control 

Unlock PRO-PR4 
Unlock PR11 - PR17 

EGA Switches 

Scratch Pad 

Interlace H/2 Start 
Interlace H/2 End 

Miscellaneous Control 1 

Miscellaneous Control 2 

Miscellaneous Control 3 
Reserved 

The WD90COO has additional features that en
hance the performance and functions of the 
Western Digital Imaging PVGA1A, introduced ear
lier, and the basic VGA subsystem. To ac
complish this, the WD90COO architecture is op
timized with additional I/O registers. 

The registers are at the 110 locations unused by 
18M. All registers are read/write, except where 
noted. 

NOTES: 

1. The designation 3?5 means that the register is 
mapped into either 385 in monochrome mode or 
3D5 in color modes. 

2. PR register notation - XXX.YY where XXX is 
the data port address and YY is the register index 
e.g. 3CFOF implies OF--3CEH (Select Index 
register) followed by (Data byte) -- 3CF (Data 
Port) 

WD90COO REGISTERS 

DESIGNATION 1/0 LOCATION 
PROA(6:0) 3CF09 

PR08(6:0) 3CFOA 
PR1 (7:0) 3CF.08 
PR2(7:0) 3CF.OC 

PR3(7:0) 3CF.OD 

PR4(7:0) 3CF.OE 
PR5(7:0) 3CF.OF 

PR10(7:0) 3?5.29 
PR11 (7:0) 3?5.2A 
PR12(7:0) 3?5.28 

PR13(7:0) 3?5.2C 
PR14(7:0) 3?5.2D 
PR15(7:0) 3?5.2E 
PR16(7:0) 3?5.2F 
PR17(0) 3?5.30 
--- 3?5.31-3?5.3F 

Registers PRO through PR4 and PR11 through 
PR17 are normally locked. They are write 
protected at power-up by the hardware reset. In 
order to load those registers, the appropriate un
lock register PR5 or PR10 must be loaded first 
with binary XXXXX1 01; a register remains unlock
ed until any other value is written to the unlocked 
register. Registers PRO through PR5 are 
readable only if PR4 bit 1 = O. Registers PR10 
through PR17 are read protected at power up by 
hardware reset. In order to read registers PR10 
through PR17 load PR10 with 1XXXOXXX. The 
register remains readable until any other value is 
written to PR10. When registers PR10 through 
PR17 are read protected, reading them would 
show data to be FFH. Setting PR4 bit 1 to 1 
does not read protect registers PR10 through 
PR17. All PR registers are set to 0 at power on 
reset except where noted. 
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9.11.1 Address Offset Registers PROA & 
PROB 

BIT 

7 
6-0 

BIT 

7 
6-0 

PROA - Address Offset Register A 
Read/Write Port = 3CF, Index = 09H 

FUNCTION 

Reserved 
Primary Address Offset Bits 

PROB - Address Offset Register B 
Read/Write Port = 3CF, Index = OAH 

FUNCTION 

Reserved 
Alternate Address Offset Bits 

The W090COO can control up to one megabyte 
of video RAM. However, the memory map for 
IBM PC and compatible product assigns 128 
Kbytes of the available 1 Mbyte total system 
space to the video controller. Therefore, the 
video memory space starts at AOOO:OH and ends 
at BFFF:FH. To allow a second video card to co
exist, this space is further limited to a 64 Kbyte 
video memory partition. 

The W090COO has two offset registers that help 
address 512 Kbytes of linear addressed memory. 
These are PROA and PROB. These registers con
tain an offset which gets added to the system ad
dress when accessing more than 64 Kbytes of 
video memory. Address offset register PROA is 
the primary address offset register and is always 
enabled. Alternatively, Address offset register 
PROB is enabled only if PR1 bit 3 is set to 1. 
PROA and PROB provide a seven bit offset that is 
added to address bits A (18:12) of the system ad
dress to form a 20-bit address. It can be thought 
of as being like segment register OS and ES of 
the 8088/80X86 architecture. PROA and PROB 
will then provide 4 Kbyte segments. 

WD90COO 

When PROB is enabled by setting PR1 bit 3 = 1, 
PR address offset registers, in a 64K VGA ad
dress space (as defined by Graphics Miscel
laneous Register Bits 3 and 2), PROA and Alter
nate Offset Address register (PROB) may be used 
to access two 32 Kbyte video RAM windows. 
PROA window is mapped from A800:0H-AFFF:FH 
while PROB is mapped from AOOO:OH-A7FF:FH. 

When there is a 128 Kbyte address space (as 
defined by Graphics Miscellaneous Register bits 
3 and 2), PROA is mapped from BOOO:OH
BFFF:FH while PROB is mapped from AOOO:OH
AFFF:FH when the Alternate Offset register is 
enabled. 

9.11.2 PRl - Memory Size, Read/write 
Port = 3CF, Index = OBH 

BIT FUNCTION 
7,6 Memory Size Select 

5,4 Memory_ Ma~ select 

3 Enable Alternate Address Offset 
Register PROB 

2 16-Bit Video Memory 

1 16-Bit BIOS ROM 

0 BIOS ROM Map Out 

This register is 8 bits wide. Bits PR1 (1 :0) are 
latched internally at power on reset from the cor
responding memory data bus pins MO(1 :0), using 
either pull-up or pull-down external resistors. Pull
up resistors on MO(1 :0) cause PR1 (1 :0) bits to 
be latched low. 
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Bits 7, 6 

Memory Size. 

BIT7 BIT6 

WD90COO REGISTERS 

PR16(1) MEMORY SIZE MAPPING 
0 0 0 256 KB STANDARD VGA VGA* 

0 1 0 256 KB WD90COO VGA PVGA** 

1 0 0 512 KB WD90COO VGA PVGA 

1 1 0 1024 KB WD90COO VGA PVGA 
X X 1 ANY OF THE ABOVE VGA* 

NOTE: 
* Only 64 Kbytes are accessible for chained 4 
packed pixel mode. 
** WDI extended modes can fully utilize up to 256 
Kbytes. 

According to the VGA video memory organiza
tion, 256 KB of the available memory space is 
divided into four 64 KB maps (0-3), each defining 
bit planes (0-3). In mode 13, the four bit planes 
are chained to form one large bit plane. The start
ing address of the 256 KB video memory buffer 
can be configured to match other video adapters, 
andlor, application programs. For example, 256 
KB video display buffer with 128 KB or 64 KB seg
ments can start at address AOOO:O (Hex) while 
32KB segments start at address BOOO:O (Hex) or 
B800:0 (Hex). WD90COO enhances memory size 
capability when bits 6 and 7 are programmed to 
extend video buffer size to 512 KB or 1024 KB. 
The DRAM organizations supported by the 
WD90COO and its associated video space table 
are shown below. 

DRAMS MA8PIN VIDEO MEMORY 
SPACE PLANES 

64Kx4 N/U 256 KB Four 
(64KB Per 
Plane) 

64Kx4 BANK 512 KB Four 
SELECT (128KB 

Per Plane) 

256Kx4 DRAM PIN 1024KB Four 
A8 (256KB 

Per Plane) 

When video memory size is 512 KB, and 64Kx4 
DRAMs are used two banks of 64 KB form 128 
KB per plane. MA8 provides the bank selection 
using an external multiplexer to access the ap
propriate bank in a plane by multiplexing the 
CAS10 and CAS32 signals. Four planes form 
the desired 512 KB video memory space. For 
1024 KB video memory size, MA8 is directly con
nected to the A8 address pin of the 256Kx4 
DRAMS, and two DRAMS form a 256 KB per 
plane. Four planes make the desired 1 024 KB 
video memory space. 

PR1 bits 7 and 6 must be set to reflect the 
amount of memory installed. These bits in con
junction with PR16(1) also select the way 
memory is mapped into the system address 
space. If PR16(1) is set to 1, the memory map
ping is same as IBM VGA regardless of PR1 (6) 
and PR1(7). 
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RAM ADDRESSING: 

PR1 (7) PR1 (6) 
o 0 256K TOTAL;64K1PLANE; IBM VGA MEMORY ORGANIZATION 

VIDEO RAM BYTE WORD DBLWORD 
ADDR BIT CPU CRT CPU CRT CPU CRT 
MA(17) 0 0 0 0 0 0 
MA(16) 0 0 0 0 0 0 
MA(15) A(15) CA(15) A(15) CA(14) A(15) CA(13) 

MA(14) A(14) CA(14) A(14) CA(13) A(14) CA(12) 

--- --- --- --- --- --- ---
--- --- --- --- --- --- ---
MA(2) A(2) CA(2) A(2) CA(1) A(2) CA(O) 

MA(1) A(1) CA(1) A(1 ) CA(O) A(15) CA(13) 

MA(O) A(O) CA(O) A(16) CA(15) A(14) CA(12) 
or or 
XRN(51 CA(13) 

RAM ADDRESSING: 

PR1 (7) PR1 (6) 
o 1 256K TOTAL;64K1PLANE; WD90COO MEMORY ORGANIZATION 

VIDEO RAM BYTE WORD DBLWORD 
ADDR BIT CPU CRT CPU CRT CPU CRT 
MA(17) 0 0 0 0 0 0 

MA(16) 0 0 0 0 0 0 

MA(15) A(15) CA(15) A(15) CAJ141 A(15) CA(13) 

MA(14) A(14) CA(14) A(14) CA(13) A(14) CA(12) 

--- --- --- --- --- --- ---
--- --- --- --- --- --- ---
MA(2) A(2) CA(2) A(2) CA(1) A(2) CA(O) 

MA(1) A(1 ) CA(1) A(1) CA(O) A(17) CA(15) 
MA(O) A(O) CA(O) A(16) CA(15) A(16) CA(14) 
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RAM ADDRESSING: 

PR1(7) PR1(6) 
1 0 512K TOTAL;128KB/PLANE; WD90COO MEMORY ORGANIZATION 

VIDEO RAM BYTE WORD DBLWORD 
ADDRBIT CPU CRT CPU CRT CPU CRT 
MA(17) 0 0 0 0 0 0 
MA(16) * A(16)* CA(16)* A(17)* CA(16)* A(18)* CA(16)* 
MA(15) A(15) CA(15) A(15) CA(14) A(15) CA(13) 
MA(14) A(14) CA(14) A(14} CAl13t A(14) CA(12) 

--- --- --- --- --- --- ---
--- --- --- --- --- --- ---
MA(2) A(2) CA(2) A(2) CA(1) A(2) CA(O) 

MA(1) A(1) CA(1) A(1 ) CA(O) A(17) CA(15) 

MAJOl A(O) CA(O) A(16) CAl15t A(16) CA(14) 
NOTE: "*" Controls CAS external to WD90COO 

RAM ADDRESSING: 

PR1 (7) PR1 (6) 
1 1 1024K TOTAL IN FOUR PLANES;256K1PLANE; 

WD90COO MEMORY ORGANIZATION 

VIDEO RAM BYTE 
ADDRBIT CPU CRT 
MA(17) A(17) CA(17) 
MA(16) A(16) CA(16) 
MA(15) A(15) . CA(15) 
MA(14) A(14) CA(14) 

--- --- ---
--- --- ---
MA(2) A(2) CA(2) 
MA(1) A(1) CA(1) 

MAtol A(O) CA(O) 

NOTES: 
1. A(19:0) are WD90COO internally modified sys
tem Addresses. 
2. CA(17:0) are CRT Controller Character Ad
dress Counter Bits. 
3. XRN(5) is Miscellaneous Output Register 
3C2H, inverted bit 5. This bit selects the dis-

WORD DBLWORD 
CPU CRT CPU CRT 
A(17) CA(16) A(17) CA(15) 
A(16) CA(15) A(16) CA(14) 
A(15) CA(14) A(15) CA(13) 

A(14) CA(13) A(14) CA(12) 

--- --- --- ---
--- --- --- ---
A(2) CA(1) A(2) CA(O) 
A(1) CA(O) A(19) CA(17) 
A(18) CAl17L A(18) CA(16) 

played page in chained modes. XRN(5) is 
selected as MA(O) if Graphics Register 6 bit 3 or 
bit 2 = 1. 
4. CA(13) is selected as MA(O) if CRTC Mode 
Register 17 bit 5 = o. 
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Bit5 Bit4 MEMORY MAP 

0 0 VGA Mapping in 64 KB 
space - AOOO:OH to 
BFFF:FH Address Range 

0 1 First 256 KB in 1 MB space -
OOOO:OH to 3FFF:FH Ad-
dress Range 

1 0 First 512 KB in 1 MB space -
OOOO:OH to 7FFF:FH Ad-
dress Range 

1 1 First 1024 KB in greater or 
equal to 1 MB space -
OOOO:OH to FFFF:FH Ad-
dress Range 

Bits 5 and 4 can be used in conjunction with ex
ternal control of EMEM to map video memory 
decode above the 1 Mbyte address space. 

Bit 3 

Enable Alternate Address Offset Register PROB 

Bit 2 

Enable 16-bit bus for Video Memory 
When set to 1, OS16 will be active low in text 
modes and packed pixel modes such as mode 
13h. Planar graphics modes will always have 
OS16 be inactive. 

Bit 1 

This bit will directly reflect signal pin ROM16 in 
AT mode or COOS16 in MCA mode. 
When set to 1, the BIOS ROM has 16 bits data 
path. 

If set to 0, the BIOS ROM data path is 8 bits wide. 
A pull-up on MO (1) sets this bit to 0 at power on 
reset. ROM16 will have the value of 0 when this 
bit is set. 

Bit 0 

If set to 1 the BIOS ROM is mapped out. Pull-up 
resistor latches 0 after power up. A pull-up on 
MO(O) sets this bit to 0 at power on reset. 

WD90COO 

9.11.3 PR2-Video Select Register, 
. Read/Write Port = 3CF, Index = OCH 

BIT FUNCTION 

7 AT&T/M24 Mode Enable 

6 6845 Compatibility 

5 Character Map Select 

4,3 Character Clock Period Control 

2 Underline/Character Map 

1 Third Clock Select Line VCLK2 

0 Force VCLK (overrides SEQ1 bit 31 

Bit 7 

Enable AT&T/M24 Register & mode 

Bit 6 

0: VGA or EGA mode 
1: Non-VGA (6845) mode 

Bit 5 

Character Map Select. The following functions 
are overridden by setting PR15(2). This bit in con
junction with PR2(2) and bit 4 of the attribute 
code, enables character maps from planes 2 or 3 
to be selected per the table below: 

PR2(5) PR2(2) ATI(4) PLANE 
SELECT 

0 0 X 2 

0 1 X 2 

1 0 X 3 

1 1 0 2 
1 1 1 3 

NOTE: 
Setting PR15(2) = 1 i.e. selecting page mode ad
dressing overrides plane selected table shown 
above. 
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Bit(4:3) 

Character clock period control 

0 0 IBM VGAcharacter clock 
(8 or 9 dots) 

0 1 7 dots (used for 132 character 
mode) 

1 0 9 dots 
1 1 10 dots 

Selecting 10 dots per character modifies the func
tion of the horizontal PEL Panning register 
(3CO.13). Pixel panning in the 10 dot-character 
modes is obtained by storing the following values 
into the horizontal PEL Panning register. 

PEL PANNING PELS SHIFTED LEFT 
REGISTER VALUE 
09 0 
08 1 
00 2 
01 3 
02 4 
03 5 
04 6 
05 7 
06 8 
07 9 

NOTE: 
The character clock period control functions have 
no effect in graphics modes. 

WD90COO REGISTERS 

Bit 2 

Underline and character map select. Setting this 
bit to 1 enables underline for all odd values of at
tribute codes, e.g. Programming 1 gives blue un
derline. It overrides the background color func
tion of the attribute code bit 3, which is forced to 
O. Therefore, only eight choices of background 
colors are selectable. This function allows trad
ing background colors for more character maps. 
In conjunction with PR2(5), this bit is also 
decoded to enable character maps from planes 2 
or 3. See PR2(5) for details. 

Bit 1 
This bit is the third clock select line VCLK2 which 
is sent to the external clock chip if CNF(3) is set 
to 1. When CNF(3) is set to 0, it locks the inter
nal video clock select multiplexer. 

Bit 0 
Forces horizontal sync timing clock of the CRTC 
to VCLK. 
Uses VCLK when sequencer register 1 bit 3 is 
set for VCLK/2. This is for compatibility modes 
that require locking the CRTC timing parameters. 
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9.11.4 PR3 - CRT Lock Control 
Register Read/Write Port=3CF, 
Index = OH 

BIT FUNCTION 

7 Lock VSYNC Polarity 

6 Lock HSYNC Polarity 

5 Lock Horizontal Timing 

4 Bit 9 Control 

3 Bit 8 Control 

2 CRT Control 

1 Lock Prevention 

0 Lock Vertical Timing 

9.11.5 WD90COO CRT Controller 
Register Locking 

Register locking is controlled by 4 bits. They are 
PR3 (5,1,0) and 375.11 (7) (Le. IBM Vertical 
Retrace End Register bit 7 controlled by index 
register 11). When bit 7 is 1, CRT controller 
registers (RO-7) are write protected per VGA 
definition. For more information on the five 
groups, and their locking schemes, refer to the 
sections below. 

• Group 0 
These registers are locked if PR3(5)=1 OR 
375.11(7)=1 
CRT controller register 00 --Horizontal Total Char
acters per scan 
CRT controller register 01 --Horizontal Display 
Enable End 
CRT controller register 02 --Start Horizontal 
Blanking 
CRT controller register 03 --End Horizontal Blank
ing 
CRT controller register 04 --Start Horizontal 
Retrace 
CRT controller register 05 --End Horizontal 
Retrace 

WD90COO 

• Group 1 
These registers are locked if PR3(1)=0 AND 
375.11(7)=1 
CRT controller register 07(Bit6) - Vert. Display 
Enable End bit 9 
CRT controller register 07(Bit1) - Vert. Display 
Enable End bit 8 

• Group 2 
These registers are locked if PR3(0)=1 OR 
375.11 (7)=1 
CRT controller register 06 --- Vertical Total 
CRT controller register 07(Bit7) ---Vertical 
Retrace Start bit 9 
CRT controller register 07(Bit5) ---Vertical Total 
bit 9 
CRT controller register 07(Bit3) ---Start Vertical 
Blank bit8 
CRT controller register 07(Bit2) ---Vertical 
Retrace Start bit 8 
CRT controller register 07(BitO) ---Vertical Total 
bit 8 

• Group 3 
These registers are locked if PR3(0)=1 
CRT controller register 09(Bit5) ---Start Vertical 
Blank bit 9 
CRT controller register 10 ---Vertical Retrace Start 
CRT controller register 11 [Bits(3:0)] ---Vertical 
Retrace End 
CRT controller register 15 ---Start Vertical Blank
ing 
CRT controller register 16 ---End Vertical Blanking 

• Group 4 
This register is locked if PR3(5)=1 
CRTC mode control register 17(Bit2) ---Selects 
divide by two vertical timing 
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Bit7 
Lock VSYNC polarity, as programmed in 3C2 bit 7 

Bit 6 
Lock HSYNC polarity, as programmed in 3C2 bit 6 

Bit 5 

Lock horizontal timing. 
Locks CRTC registers of Group 0 and 4. 
Prevents attempt by applications software to un
lock Group 0 registers by setting 3?5.11 bit 7=0 

Bit 4 
Bit 9 of CRT Controller Start Memory Address 
High Register 3?5.0C, and bit 9 of Cursor Loca
tion High 3?5.0E. This bit corresponds to Charac
ter Address CA (17). 

Bit 3 
Bit 8 of CRT Controller Start Memory Address 
High Register 3?5.0C, and bit 8 of Cursor Loca
tion High 3?5.0E. This bit corresponds to Charac
ter Address CA (16). 

Bit 2 
Cursor start, stop, preset row scan, and maxi
mum scan line address registers values multi
plied by two. 

Bit 1 
1 = Prevents attempt by applications software to 
lock registers of Group 1 by its setting 3?5.11 bit 
7=1. 

Bit 0 
Lock vertical timing. 1 = Locks CRTC registers of 
Groups 2 and 3. Overrides attempt by applica
tions software to unlock Group 2 registers by its 
setting 3?5.11 bit 7=0. 
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9.11.6 PR4· Video Control Register 
Read/Write Port=3CF, Index = OEH 

The video monitor output control register (PR4) 
can be programmed to tri-state the CRT display 
control outputs as well as video data for the RAM
DAC, and memory control outputs. 

BIT FUNCTION 
7 BLNK / Display Enable 
6 PCLK=VCLK 
5 Tri-state Video Outputs 
4 Tri-state Memory Control OUlQuts 
3 Override CGA Enable Video bit 
2 Lock Internal Palette and Overscan 

Reqisters 
1 EGA Compatibility 
0 Ext 256 color Shift Register control 

Bit 7 
This bit controls the output signal BLNK. Normal
ly in the VGA mode, BLNK is used by the exter
nal video DAC to generate blanking. If this bit = 
1 , the BLNK output supplies a display enable sig
nal. A choice of two types of display enable 
timings can be selected, and is determined by 
PR15(1). 

Bit 6 
Select PCLK equal to VCLK. 
O=PCLK is the inverted internal video dot clock, 
or half the dot clock frequency, depending upon 
the video mode. 
1 =PCLK is always the non-inverted VCLK input 
clock. 

Bit 5 
Tri-state the outputs VID(7:0), HSYNC, VSYNC, 
and BLNK. 
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Bit 4 

Tri-state the memory control outputs. The 
memory address bus MA(8:0), and all ten DRAM 
control signals are tri-stated when this bit is set to 
1. 

Bit 3 

Overrides the CGA "enable video" bit 3 of mode 
register 3D8, only in 80 x 2S alpha CGA (Non
VGA) mode. Override effectively forces this bit to 
1. Power-on-reset causes no override. 

Bit 2 

Lock Internal palette and overscan registers .. 

Bit 1 

EGA compatibility bit where 1 = EGA Compatible 
Mode. It disables reads to all registers which are 
write-only registers in the IBM EGA. Also, 
registers at 3CO/3C1 change to write-only mode 
if the EGA compatibility bit is set. In addition to 
selecting EGA compatibility bit, setting this bit to 
1 disables reading PRO-PRS. In VGA mode 
(PR(4) bit 1 is zero) 3CO register is read/write 
while 3C1 register is read only, per the Attribute 
Controller registers definitions. 

Bit 0 

Shift register control. It configures the video shift 
registers for extended 2S6-color mode. 

WD90COO 

9.11.7 PRS - General Purpose Status Bits 
Read/Write Port=3CF, Index = OFH 

BIT FUNCTION 
7 Read CNF(7) Status 

6 Read CNF(6) Status 

S Read CNF(S) Status 

4 Read CNF(4) Status 

3 Read CNF(8) Status 
2 PRO-PR4 Unlock 

1 PRO-PR4 Unlock 

0 PRO-PR4 Unlock 

Bits (2:0) are READIWRITE bits and cleared to 0 
by reset. They provide lock or unlock capability 
for PR registers PRO through PR4 like the 
PVGA1A. The PRO - PR4 registers are unlocked 
when "XSHex" is written to PRS. They remain un
locked until any other value is written to PRS. 
This register also provides readable status for the 
configuration register bits 4 through 8. Setting 
PR(4) bit 1 to 1, read protects registers PRO -
PRS. 

Bit 7 CNF(7) [READ ONLY] 
Bit 6 CNF(6) [READ ONLY] 
Bit S CNF(S) [READ ONLY] 
Bit 4 CNF(4) [READ ONLY] 
Bit 3 CNF(8) [READ ONLY] 

Bits (2:0) 

READIWRITE bits and cleared to 0 by reset. 
They control writing to PR registers PRO-PR4 as 
follows: 

210 PRO-PR4 
o X X Write protected 
X 1 X Write protected 
X X 0 Write protected 
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9.11.8 PR10 Unlock PR11·PR17 
Read/Write Port = 3?5, Index = 29 

This register is READIWRITE and cleared to 0 by 
reset. PR10 can be loaded if it contains 
XXXXX1 01, and can only be read if it has 
1XXXOXXX. Bits (7,3), Bits(6:4), and Bits (2:0) 
control access to PR registers PR10-PR17. Bits 
7 and 3 enable register read operation for 
PR10 - PR17. Bits (6:4) may be used as scratch 
pad. Bits (2:0) enable register write operation for 
PR11 - PR17. 

BIT FUNCTION 
7 PR1 0-PR17 - Read Enable Bit 1 
6-4 PR10(6:4) - Scratch Pad 
3 PR10-PR17 - Read Enable Bit 0 
2-0 PR11-PR17 - Write Enable 

BIT7 BIT3 PR10·PR17 
0 X Read protected, read back 

data FFH 
X 1 Read protected, read back 

data FFH 
1 0 Read Enabled 

BIT2 BIT1 BITO PR11·PR17 
0 X X Write protected 
X 1 X Write protected 
X X 0 Write protected 
1 0 1 Write Enabled 

BIT6 BITS BIT4 PR10(6:4) 
0 X X Scratch pad 
X 1 X Scratch pad 
X X 0 Scratch pad 
1 0 1 Reserved for 

manufacturing test. 
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9.11.9 PR11 EGA Switches Read/Write 
Port = 3?5, Index = 2a 

The EGA switch configuration details are stored 
in the PR11 register bits. 

BIT FUNCTION 
7 EGASW4 
6 EGASW3 
5 EGASW2 
4 EGASW1 
3 EGA Emulation on Analog Display 
2 Lock Clock Select 
1 Lock Graphics and Sequencer 

Screen Control 
0 Lock 8/9 Character Clock 

Bits (7:4) 

EGA CONFIGURATION SWITCHES SW4-SW1. 
These bits are READIWRITE and latched inter
nally at power-on-reset from corresponding 
memory data bus pins MD(15:12), provided with 
either pull-up or pull-down external resistors. 
PULLING UP MD(15:12) causes PR11 (7:4) to be 
latched HIGH. These bits can be read as bit 4 of 
port 3C2 if the EGA COMPATIBILITY BIT 
[PR4(1)] has been set to 1. Selection of the bit to 
be read is determined by bits 3 & 2 of the Miscel
laneous Output Register 3C2, as follows. 

WRITE READ 
3C2 bit 3 3C2 bit 2 3C2 bit 4 
0 0 PR11(7) [=EGASW4] 
0 1 PR11(6) [=EGASW3] 
1 0 PR11 (5) [=EGA SW2] 
1 1 PR11(4) r=EGA SW11 

PR11 Bits 3 through 0 are READIWRITE and 
cleared to 0 at power on reset. 
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Bit 3 

Select EGA Emulation on a PS/2 (VGA-com
patible, analog) display. 

Bit 2 

Lock Clock Select. This bit locks the internal 
video clock select multiplexer and disables load
ing of an external clock chip through VCLK1. 

Bit 1 

Lock Graphics Controller/Sequencer screen con
trol. Setting PR11 (1) to 1 prevents modification of 
the following bits in the Graphics controller as 
well as the Sequencer: 

Graphics controller 
Sequencer 
Sequencer 

3CF.05 bits (6:5) 
3C5.01 bits (5:2) 
3C5.03 bits (5:0) 

Although the internal functions selected by these 
graphics controller and sequencer bits are locked 
by setting PR11 bit 1 to 1, they appear unlocked 
to the system processor during read operation. 

Bit 0 

Lock 8/9 dots. Setting this bit to 1 prevents 
modification of clocking mode sequencer register 
3C5.01 bit O. Although 8 or 9 character timing is 
locked by setting PR11 bit 0 to 1, the 3C5.01 bit 0 
appears unlocked to the system processor during 
reads. 
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9.11.10 PR12 Scratch Pad Read/Write 
Port = 3?5, Index = 2b 

FUNCTION 

Scratch Pad Bits 7:0 

The data in this register is unaffected by 
hardware reset and undefined at power up. 

9.11.11 PR13 Interlace H/2 Start 
Read/Write Port = 3?5, Index = 2C 

FUNCTION 

Interlaced H/2 Start 

The data in this register is unaffected by 
hardware reset and undefined at power up. This 
register defines the starting horizontal character 
count at which vertical timing is clocked on alter
nate fields in interlaced operation. Interlaced 
operation is enabled by setting PR14(5) to 1. All 
other standard non-interlaced modes are unaf
fected by the contents of this register. This 
register must be programmed with a value 
derived from the values chosen to be 
programmed into the Horizontal Retrace Start 
Register (3?5.04) and Horizontal Total Register 
(3?5.00): 

PR13(7:0) = [HORIZONTAL RETRACE START]
[(HORIZONTAL TOTAL + 5)/2] + HRD 

NOTE: 
In the above expression, HRD = Horizontal 
Retrace Delay, determined by bits 6 and 5 of the 
Horizontal Retrace End Register (3?5.05). 
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9.11.12 PR14 Interlace H/2 End Read/Write 
Port = 3?5, Index = 2d 

Bits 4 through 0 are unaffected by hardware reset 
and undefined at power up. Bits 7 through 5 are 
cleared to 0 by reset. 

BIT FUNCTION 

7 Enable IRQ 

6 Vertical Double Scan for EGA 
on PS/2 Display 

5 Enable Interlaced Mode 
4-0 Interlaced H/2 Start 

Bit 7 

Enable IRQ. This bit may be set to enable CRT in
terrupts to be generated when configured for AT 
BUS operation, allowing EGA compatibility sup
port for interrupt-driven EGA applications. For 
VGA operation with an AT BUS, interrupts are not 
used, and this bit should be set to o. This bit 
should not be set to 1 in MICRO CHANNEL 
operation. 

Bit 6 

Vertical double scan. This bit should be set to 1 
when emulating EGA on PS/2 display. Setting 
this bit to 1 causes the CRTC's Vertical Displayed 
line counter and row scan counter to be clocked 
by divide-by-two horizontal timing if vertical sync 
polarity (3C2 Bit 7=0) is programmed to be posi
tive. Therefore, the relationship between the ac
tual number of lines displayed [N] and the data 
[n] programmed into the Vertical Display Enable 
End register is: 

N=2(n+1) 

Likewise, the relationship between the actual 
number of scan lines per character row [N] and 
the data [n] programmed in the maximum Scan 
Line register holds true. 

WD90COO REGISTERS 

Bit 5 

Interlaced mode. 
Setting this bit to 1 selects interlaced mode. The 
interlaced mode can be used in those video 
modes in which the data programmed into the 
Maximum Scan Line Address register [3?5.09] = 
OXXOOOOO. 
Line compare and double scan are not supported. 

Bits (4:0) 

Interlaced H/2 end bits (4:0). Add the contents of 
the Interlaced H/2 Start Register PR(13) to the 
horizontal sync width (same as defined by 
3X5.04,05). Program 5 LSB of the sum into these 
bit locations. 

9.11.13 PR15 Miscellaneous Control 1 
Read/Write Port = 3?5, Index = 2e 

BIT FUNCTION 

7 Read 46E8 Enable 

6 LowVCLK 

5 VCLK1,vCLK2 Latched Outputs 

4 VCLK= MCLK 
3 8514/A Interlaced Compatibility 

2 Enable Page Mode 

1 Select Display Enable 

0 Disable Border 

Bit 7 

Enable reading port 46E8H. This bit is functional 
only if AT BUS architecture [CNF(2)=1] is 
selected. Setting this bit to 1 enables I/O port 
46E8H to be read, regardless of the state of its 
own bits 3 and 4 and of port 102 bit 0 (sleep bit). 
Only bits (4:0) of port 46E8H are readable; bits 
(7:5) are o. 
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Bit 6 

Low VCLK. Setting this bit to 1 adjusts the 
memory timing to allow use of a video clock 
(VCLK) frequency which is much lower than the 
memory clock (MCLK) frequency. This bit should 
be set to 1 if the following expression is satisfied: 

(MCLK in MHZ) / (VCLK in MHZ»2 

Bit 5 

Latched VCLK1 and VCLK2. This bit is used 
only if CNF(3) = 1 which configures the VCLK1 
and VCLK2 pins as outputs. Setting This bit to 1 
causes outputs VCLK1 and VCLK2 to equal bits 
2 and 3 of I/O write register (Miscellaneous out
put register) at 3C2H respectively. 

Bit 4 

Select MCLK as video clock. Setting this bit to 1 
causes the MCLK input to be selected for the 
source of all video timing. The other three VCLK 
inputs can not be selected when this bit is set. 

Bit 3 

Interlaced Compatibility. This bit should be used 
only if interlaced mode is selected (see PR14). 
This bit should be set to 1 if exact timing emula
tion of the IBM 8S14/A's interlaced video timing is 
required. Setting this bit to 1 causes vertical sync 
to be generated from the trailing edge of non
skewed horizontal sync, instead of leading edge, 
as generated for VGA timing. 
Setting this bit to 1 also removes two VCLK 
delays from the default VGA video dot path delay 
chain. 

Bit 2 

Select Page Mode Addressing. Setting this bit to 
1 forces screen refresh memory read cycles to 
use page mode addressing in alpha modes. 
Page mode addressing is automatically used in 
the graphics modes. Page mode addressing re
quires less time than RAS-CAS addressing; 
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therefore, selecting page mode addressing in
creases the bandwidth for the CPU to access 
video memory by 30-40%. Set this bit to 1 if 132 
character mode timing is selected (see descrip
tion of PR2). Setting this bit to 1 in any alpha 
mode overrides the character map select func
tions of PR2(2) and PR2(S). When this bit is set 
to 1, it redefines the Character Map Select 
Register (3CS.03). One of eight, 8K memory seg
ments containing a pair of maps in Plane 2 or 
Plane 3 is addressed by bits (2:0) of this register 
while the map selection is determined by the bits 
(4:3). A pair of adjacent 8K character maps in 
planes 2 and 3, (adjacent in the sense that they 
have the same addressing) may be selected by 
bit 3 of the attribute code. 
The Character attribute bit 3, in conjunction with 
bits 3 and 4 of the Character Map Select register 
(3CS.03), determine a character map from either 
Plane 2 or Plane 3 as shown by the table below. 

3C5.03 3C5.03 ATT PLANE 
BIT4 BIT3 BIT3 SELECT 
0 0 X 2 

1 1 X 3 
1 0 0 2 
1 0 1 3 

0 1 0 3 

0 1 1 2 

Note: 
The above Character Map Select functions over
ride the functions override the functions of 
PR2(S) and PR2(2). 
This bit must be set to 1 before loading the char
acter maps into the video DRAM, because the ad
dressing of the page mode character maps dif
fers from the addressing of the default, non-page 
mode. However, setting this bit to 1 internally 
redirects all necessary addressing to make load
ing the character maps the same, whether in 
page mode or non-page mode. 
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Bit 1 

Display Enable Timing Select. This bit is used to 
select between two types of Display Enable 
timings available at output pin BLNK if PR4(7)=1. 
If PR4(7)=0, this bit has no effect. 

O=BLNK supplies Pre-Display Enable. Pre-Dis
play Enable timing precedes active video by one 
dot clock. 

1 = BLNK supplies Display Enable. The display 
enable timing coincides with active video timing. 

Bit 0 

Disable border. Setting this bit to 1 forces the 
video outputs to 0 during the interval when border 
(overscan) color would be active. 

9_11-14 PR16 Miscellaneous Control 2 
Read/Write Port = 3?5, Index = 2FH 

BIT FUNCTION 

7 External reQ. 46E8H lock 

6 CRTC Address count Width bit 1 

S CRTC Address Count Width bit 0 

4 CRTC Address Counter Offset bit 1 

3 CRTC Address Counter Offset bit 0 
2 Enable Odd/Even Page bit 
1 VGA Mapping Enable 

0 Lock RAMDAC Write Strobe 

Bit (7) 

Lock External 46E8H register. 

Setting this bit to 1 causes EBROM output to be 
forced high (Inactive) during I/O writes to port 
46E8H. This bit has no effect on loading the inter
nal port 46E8H. 
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Bit (6:5) 

CRTC Address Counter Width. 

Power on reset clears these bits to o. These two 
bits determine the modulus of the CRT control
ler's address counter, allowing its count width to 
be limited to 64K or 128K locations (Byte, Word, 
Double word). These bits may be used in virtual 
VGA applications containing S12KB or 1024KB of 
video memory in which CRT controller is limited 
to only 64K or 128K locations. Bit PR16(6) 
should be set 1 to ensure VGA and EGA com
patible operation of the address counter, limited 
to 64 K locations. The following table shows 
details: 

PR16(6) PR16(5) COUNT WIDTH 

0 0 2S6KB 

0 1 128K 

1 X 64K 

Bit (4:3) 

CRTC Address Counter Offset 
Bits 4 and 3 are summed with the CRT Control
ler's Address Counter bits CA(17) and CA(16), 
respectively, and the 2-bit result defines the start
ing location of the displayed video buffer at one 
of the four 64K boundaries. 

Bit 2 

Enable Page Bit for Odd/Even 
This bit affects addressing of memory by the sys
tem processor, if chain 2 (Odd/Even) has been 
selected by setting 3CF.06(1) to 1, setting 
3CS.04(1) to 1, selecting extended memory, and 
setting 3CS.04(3) to 0 to deselect chain 4 ad
dressing. It enables the "Page Bit for Odd/Even" 
[3C2(S)] to select between two pages of memory, 
by controlling video RAM address 0, regardless 
of the Memory Size bits PR1 (7:6). 
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Bit 1 

VGA Memory Mapping 
Setting this bit to 1, selects 256KB IBM VGA Map
ping, regardless of the Memory Size bits 
PR1 (7:6). 

Bit 0 

Lock RAMDAC write strobe (3C6H - 3C9H) 
Programming this bit to 1 causes output WPLT to 
be forced to 1 disabling I/O writes to the video 
DAC registers. The DAC state register, located 
inside the WD90COO is also protected from the 
modification but may still be read at the port 
3C7h. For normal operation, program this bit to o. 

9.11.15 PR17 Miscellaneous Control 3 
Read/Write Port = 3?5, Index = 30H 

BIT 

7 - 1 

0 

Bit (7:1) 

Reserved. 

Bit (0) 

FUNCTION 

Reserved 
Map out 2K of BIOS ROM 

Map out 2K of BIOS ROM. 
Setting this bit to 1 disables access of the BIOS 
ROM in the system address range C600:0H -
C67F:FH. 
Power on reset sets this bit to 1. Clearing this bit 
to 0, enables access of all32K addresses of the 
BIOS ROM from COOO:OH - C7FF:FH. 
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9.12 INTERNAL I/O PORTS 

9.12.1 AT Mode Write Only Port 
46E8H (Also at Port 56E8H, 
66E8H, 76E8H) 

BIT 

7-5 

4 

3 
2-0 

Bit(7:5) 

Unused 

Bit 4 

Setup 

FUNCTION 

Unused 
Setup 

Enable I/O & Memory 

External BIOS ROM P1!Q.e Select 

Puts WD90COO into setup mode where only I/O 
port 102H is accessible. 

Bit 3 

Enable I/O and Memory Accesses. Does not af
fect Port 46E8H and 102H. 

Bit(2:0) 

Unused Internally 
Used for BIOS ROM Page select. On I/O acces
ses to 46E8H, EBROMN becomes I/O write 
strobe for external implementation of BIOS ROM 
page mapping. Bits (2:0) are latched data bits to 
define 4K pages on BIOS ROM. The external 
mapping logic affects the three most significant 
bits of address applied to the BIOS ROM. The 
ROM can, therefore, be thought of as consisting 
of eight, 4K pages. External circuitry is required 
to implement the BIOS ROM page selection 
using bits D2:DO. 
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9.12.2 Setup Mode Video Enable 

BIT 

7 - 1 

0 

Bit(7:1 ) 

Unused 

Bit 0 

(AT and Micro Channel Modes) 
ReadlWrite Port = 102H 
(XXXX XXXX XXXX X010B) 

FUNCTION 

Unused 

Wakeup VGA 

Wakeup VGA for I/O and Memory Accesses. 
Only lower 3 address bits are decoded for this 
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port and WD90COO must be in SETUP mode. 
VGA Enable Sleep bit or Programmable Option 
Select (PaS) register 102H bit 0 is used to 
awaken the WD90COO after power on in the MCA 
and AT mode. To enter the set up mode in AT 
bus applications, bit 4 of the partially decoded in
ternal 1/0 port 46E8H is set to 1 before accessing 
the 1/0 port 102H. In MCA mode, when the 
VGASETUP (EIO) signal pin is active low, the 
WD90COO is in setup mode and port 1 02H can 
be accessed. 
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9.13 VIDEO RAMDAC PORTS 

The Video RAMDAC is implemented externally to 
the WD90COO. However, the WPLT and RPLT 
signals required by the RAMDAC are provided by 
the WD90COO. Setting PR(16) bit 0 to a 1 forces 

DAC DAC OPERATION 
ADDRESS 
3C8H PEL address port (write) 

3C7H PEL address port (read) 
*3C7H *DAC state (read only) 

3C6H PEL mask (read/write) 
3C9H PEL data register (read/write) 

* NOTE: This port is internal to WD90COO. 

WD90COO 

WPLT to a high level disabling I/O writes to the 
RAMDAC. Normally, the WPLT and RPLT sig
nals to the RAMDAC are generated when the fol
lowing I/O ports are written to or read from. 

DETAILS 

Read/write port 

Write only port 

*If bits 0/1 =1, DAC in read operation. 
When bits 0/1 =O,DAC in write opera-
tion. Bits 2-7 are reserved. 

Read/write 

Three successive read/write bI1es. 
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9.13.1 WD90COO Configuration Bits CNF 
(8:2) Non-Read/Non-Write 
Hardware Port 

BIT FUNCTION 

8 Display Status 
7-4 General Purpose Status 

3 Video Clock Source Control 
2 Bus Architecture Select 

Bits CNF (3:2) are latched internally at power on 
reset from the corresponding memory data bus 
pins MD (3:2) while CNF (8) is latched from MD 
(11). They are connected to the external pull-up 
or pull-down resistors. Pull-up resistor sets 
MD(3:2) to logic 1 while pull down resistor sets 
MD(11) to logic 1. Note, that the configuration 
bits (3:2) are not readable since they are latched 
after power up. However, the configuration 
register bits (8:4) are readable after power up as 
PR5 bits (7:3). They appear as general purpose 
read only status bits in the PR5 register. 

CNF (8) 

ANALOGITTL DISPLAY STATUS BIT 
Bit CNF(8) is latched internally at power-on-reset 
from memory data bus pin MD(11), provided with 
either a pull-up or pull-down external resistor. Pull
ing up MD(11) causes CNF(8) to be latched Low. 
This bit controls no internal functions and is read 
only as bit 3 of PR5 (3CF.OF). Also, CNF(8) is un
affected by writing to PR5 (3CF.OF). 

0= Analog (VGA - compatible) display is attached 
1 = TTL (EGA-compatible) display is attached. 

CNF (7:4) 

GENERAL PURPOSE STATUS BITS 
Bits CNF (7:4) are latched internally at power-on
reset from corresponding memory data bus pins 
MD (7:4), provided with either pull-up or pull
down external resistors. These are read only bits 
at PR5 (3CF.OF) positions (7:4). These bits are 
unaffected by writing to PR5(3CF.OF). Pulling up 
MD (7:4) causes CNF (7:4) to be latched low. 
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CNF (3) 

VIDEO CLOCK SOURCE CONTROL 
This bit cannot be written or read as I/O port pull
ing up MD (3) causes CNF(3) to be latched high. 
It configures WD90COO pins VCLK1 and VCLK2 
as inputs or outputs. 

O=For inputs. 
1 =For outputs. 

When used as inputs, these pins supply alternate 
video dot clocks. Selection of dot clock is by an 
internal multiplexer. When used as outputs, 
VCLK1 supplies an active low load pulse for an 
external clock chip, during I/O writes to port 
3C2H. This load pulse may be inhibited by set
ting PR11 (2)=1. VCLK2 becomes a third clock 
select input to the external clock chip, which sup
plies multiple dot clock frequencies to the VCLKO 
input. Also, VCLK1 and VCLK2 outputs equal to 
bits 2 and 3 of the Miscellaneous output register 
at 3C2H respectively when PR15 bit 5 is set to 1. 

CNF (2) 

Bus Architecture Select 
This bit cannot be written or read as 110. Pulling 
up MD(2) causes CNF(2) to be latched high. 

o =Micro Channel architecture 

1 =AT BUS architecture 
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9.14 EXTERNAL I/O PORT 
CONSIDERATIONS 

9.14.1 Video Subsystem Enable Register 
Micro Channel Only 
Read/Write Port 3C3H 

BIT 
7 - 1 

0 

Bit(7:1 ) 
Reserved 

Bit 0 

FUNCTION 
Unused 

Video Subsystem Enable 

When this bit is set to 1, the I/O and memory ad
dress decoding for the video subsystem are 

WD90COO 

enabled. When set to 0, this bit disables the 
video I/O and memroy address decoding. Ac
cessing this register does not affect addressing 
port 102h POS register. 
The WDI WD90COO does not internally support 
the 3C3H port in either the AT or Micro Channel 
mode. In the Micro Channel mode, bit DO of this 
port is used to enable the video subsystem per 
IBM definition. If DO is 1, the video I/O and 
memory address decoding is enabled. When DO 
is 0, the video I/O and memory address is dis
abled. This port is set to enable (logic 1) after 
power on. It is not affected by the VGA sleep bit 
(I/O port 102H bit 0) of the Programmable Option 
Select (POS). When, WD90COO is used in the 
Micro Channel bus designs, the read or write I/O 
port at 3C3H is implemented externally. 
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A.O APPENDIX 
A.1 EGA MODE 
For the register definitions that have not changed 
from the VGA modes, refer to the VGA descrip
tion. Only the differences between the VGA and 
EGA registers are briefly described in this sec
tion. Also, refer to the prior section for VGA 
mode details. Not Used bits should be set to 0 
unless otherwise noted. 

A general procedure to enter EGA mode of opera
tion is described. The actual software implemen
tation details are not covered in this procedure. 
These steps are briefly defined to outline the 
EGA mode entry. 

1. Load Configuration register bit 8. Logic 0 for 
VGA compatible PS/2 display or Logic 1 for 
EGA compatible TTL monitor by appropriate 
pull-up or pull-down resistor on MD(11). 
(Pull-up resistor on MD11 causes CNF(8) to 
be latched with logic 0, for Analog PS/2 
compatible display). This is status for the 
BIOS or application to signify monitor type 
attached. 

2. Unlock all the PR registers. 
3. Program PR2(6) to 0 for EGA mode. 
4. Set PR4 bit 1 to logic 1 for EGA compatibility. 
5. Load PR11 (7:4) with EGA Configuration 

switches by using pull-up or pull-down 
resistors on pins MD(1S:12). (Pull-up resistor 
causes logic 1 to be latched after power on 
reset.) 

6. The EGA switch setting may then be read 
from PR11 (7:4) at I/O port 3C2 bit 4. 

APPENDIX 

7. If EGA is to be emulated on the IBM PS/2 
type analog display, follow the suggested 
steps listed below: 

a) Initialize all the registers. 
b) Lock CRT controller registers. 
c) Force Clock Control rate of the CRT controller. 
d) Set EGA emulation mode by programming: 

PR11 (3)=1; Set EGA emulation on PS/2 type 
display 
PR14(6)=1; Vertical double scan 
PR11 (2)=1; Lock clock select 
PR11 (0)=1; Lock 8/9 dot timing. 
PR14(7)=1; Enable IRQ (optional) 

e) Lock the PR registers PRO-PRS and 
PR10-PR17. 

f) Read protect PR registers. 
8. When EGA is required on a TTL monitor, the 

suggested steps are: 
a) Initialize all the registers. 
b) Set EGA TTL mode by programming: 

PR11 (3)=0;EGA TIL 
PR14(7)=1 ;Enable IRQ 
PR1S(6)=1 ;Set Low Clock 
PR14(7)=1 ;Enable IRQ 

c) Lock PR registers PRO-PRS and PR10-PR17 
d) Read protect PR registers. 

For more details on the PR registers, refer to the 
PR registers section. The EGA register summary 
shown on the next page highlights all the EGA 
mode registers. 
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A 1.1 EGA Registers Summary 

REGISTERS EGA 1/0 PORT 

General Registers: 
Miscellaneous Output Reg WO 3C2 
Input Status Reg 0 RO 3C2 
Input Status Reg 1 RO 3?A 
Feature Control Reg WO 3?A 

Sequencer Registers: 
Sequencer Index Reg WO 3C4 
Sequencer Data Rea WO 3C5 

CRT Controller Registers: 
Index Reg WO 3?4 
CRT Controller Data Reg Except the following: WO 3?5 
Start Address High (Index=OC) RW 3?5 
Start Address Low (Index=OD) RW 3?5 
Cursor Location High (Index=OE) RW 3?5 
Cursor Location Low (Index=OF) RW 3?5 
Light Pen High, (Index=10) R 3?5 
LiQht Pen Low, (lndex=11) R 3?5 

Graphics Controller Registers: 
Index Reg WO 3CE 
Other Graphics Rea WO 3CF 

Attribute Controller Registers: 
Index Reg WO 3CO* 
Attribute Controller Data Reg WO 3CO* 

NOTES: 
1. RO = Read Only, WO = Write Only, and RW = Read/Write. 
2. All Register addresses are in hex. 
3. "?"= "8" in Monochrome modes or "D" in Color modes. 
4. "*,, = Identical responses from 1/0 ports 3CO and 3C1. 

II 
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A.2 GENERAL REGISTERS 

Only the general registers and the bit definitions 
that differ between the VGA and EGA are ad
dressed. Their EGA mode bit definitions are 
provided. 

A.2.1 Miscellaneous Output Register 
(Write Port 3C2) 

Bits (7:5) 

EGA: Same as Miscellaneous Output Register 
Bits (7:5) definition in the VGA section. 

Bit 4 

Not used. 

Bits (3:2) 

EGA: 

BIT 3 
0 

0 

1 

BIT2 
0 

1 

0 

DESCRIPTION 
14.318 Mhz clock (VCLKO) 
is selected. 
16.257 Mhz clock (VCLK1) 
is selected if Configuration 
Register Bit 3 is o. 
External User Defined Clock 
(VCLK2) from the feature 
connector is selected if Con-
fiQuration ReQister Bit 3 is O. 

A.2.2 Input Status Register 0 
(Read Port 3C2) 

Bit 7 

APPENDIX 

EGA: Same as input Status Register 0, Bit 7 
definition in the VGA section. 

Bits (6:5) 

EGA: Not used 

Bit 4 

EGA: The four configuration switches' information 
stored in PR11 can be read at this bit if PR4(1) 
has been set to 1. 

Bits (3:0) 

EGA: Not used = 1 

A.2.3 Input Status Register 1 
(READ PORT 3?A) 

Bit (7) 

EGA: Not used 

Bit 6 

EGA: Not used = 1 

1 1 Not Used. VCLK2 selected if Bits (5:3) 
Configuration Register Bit 3 
is 0 

Bit (0) 

EGA: Identical to Miscellaneous Output Register 
Bit 0 definition in the VGA section. 

12-86 

EGA: Identical to Input Status Register 1 Bits 
(5:3) definition in the VGA section. 

Bit 2 

EGA: Not used = 1 

Bit 1 

EGA: Unused 

Bit (0) 

EGA: 
Same as Input Status Register 1 Bit 0 definition 
in the VGA Section. 

10-25-90 
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A.2.4 Feature Control Register 
(Write Port 3?A) 

Bits (7:0) 

EGA: Not used 

A.3 SEQUENCER REGISTERS INDEX 
PORT = 3C4, PORT 3C5 

A.3.1 Clocking Mode Register 
(Index = 01) 

Bits (7:4) 

EGA: Not Used 

Bits (3,2) 

EGA: Same as Clocking Mode Register Bits (3,2) 
definition in the VGA section. 

Bit 1 

EGA: Set to zero 

Bit (0) 

EGA: Identical to Clocking Mode Register Bit 0 
definition in the VGA section. 

A.3.2 Character Map Select Register 
(Index 03) 

Bits (7:4) 

EGA: Not Used 

WD90COO 

Bits (3:2) 

EGA: Character Map Select A 

BIT BIT MAP FONT 
3 2 SELECTED TABLE/PLANE 

2 LOCATION 
0 0 0 First SK 
0 1 1 Second SK 
1 0 2 Third SK 
1 1 3 Fourth SK 

Bits (1 :0) 

EGA: Character Map Select B 

BIT BIT MAP FONT 
1 0 SELECTED TABLE/PLANE 

2 LOCATION 

0 0 0 First SK 
0 1 1 Second SK 
1 0 2 Third SK 
1 1 3 Fourth SK 

A.3.3 Memory Mode Register (Index = 04) 

Bits (7:3) 

EGA: Not Used 

Bits (2:1) 

EGA: Identical to Memory Mode Register Bits 
(2,1) definition in the VGA section. 

Bit 0 

EGA: Alpha mode bit. 
A logic 1 shows that Alpha mode is active and 
character map selection is enabled. A logic 0 dis
ables Alpha modes and enables non-Alpha 
modes. 

10-25-90 12-S7 

.. 



WD90COO 

A.4 CRT CONTROLLER REGISTERS 
INDEX PORT= 3?4 DATA PORT = 3?5 

The EGA registers that are different are listed. 
For similar registers and identical bits within 
registers refer to the VGA section. Also, "?" im
plies that a register is mapped into either 3B5 or 
3D5, for Monochrome or Color display modes, 
respectively. 

A.4.1 Index Register (Port = 3?4) 

Bits (7:5) 

EGA: Not Used. 

Bits (4:0) 

EGA: Five bits point to the CRT Registers Ad
dress index where the data is to be written. 

A.4.2 Horizontal Total Register 
(Index = 00) 

Bits (7:0) 

EGA: 
Eight bits of value for the "Total Character Count 
Less 2" are loaded into this register. They define 
number of characters to be displayed per horizon
tal line. 

A.4.3 End Horizontal Blanking Register 
(Index = 03) 

Bits (7) 

EGA: Not Used. 

Bits (S:5) 

EGA: They define display enable skew in charac
ter clocks. 

BITS BIT 5 SKEW 
0 0 0 
0 1 1 
1 0 2 
1 1 3 

APPENDIX 

Bits (4:0) 

EGA: Five bits of character count are loaded to 
determine when the horizontal blanking signal be
comes inactive. 

A.4.4 End Horizontal Retrace Register 
(Index = 05) 

Bit 7 

EGA: It defines the start of the odd or even CRT 
counter memory address following the horizontal 
retrace time. Logic "1" = Odd Address and logic 
"0" = Even Address. 

Bits (S:O) 

EGA: Same as End Horizontal Retrace Registers 
Bits (6:0) definition in VGA section. 

A.4.5 Vertical Total Register (Index = OS) 

Bits (7:0) 

EGA: Lower eight bits of the CRT vertical frame 
time in scan lines including the vertical retrace. 

A.4.S CRT Controller Overflow Register 
(Index = 08) 

Bits (7:5) 

EGA: Not used. 

Bits (4:0) 

EGA: Identical to CRT Controller Overflow 
Register bits (4:0) in the VGA section. 

A.4.7 Preset Row Scan Register 
(Index = 08) 

Bits (7:5) 

EGA: Not used. 

Bits (4:0) 

EGA: Same as Preset Row Scan Register Bits 
(4:0) definitions in the VGA section. 
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A.4.8 Maximum Scan line Register 
(Index = 09) 

Bits (7:S) 
EGA: Not used. 

Bits (4:0) 

EGA: Same as Maximum Scan Line Register Bits 
(4:0) definition in the VGA section. 

A.4.9 Cursor Start Register (Index = OA) 

Bits (7:S) 

EGA: Not used. 

Bits (4:0) 

EGA: Same as Cursor Start Register Bits (4:0) 
definition in the VGA section. 

A.4.10 Cursor End Regist~r (Index = OB) 

Bit(7) 

EGA: Not used. 

Bits (S:S) 

EGA: They define cursor signal skew in character 
clocks. 

BITS BITS SKEW 
0 0 0 
0 1 0 
1 0 1 
1 1 2 

Bits (4:0) 
EGA: These bits define Cursor End value of row 
scan address counter. The programmed value is 
equal to "N+ 1 " where "N" is the last row of the 
Cursor to be displayed. 

WD90COO 

A.4.11 Vertical Retrace Start Register 
(Index = 10) - Write 

(light Pen High register, Index = 10 - Read) 

Bits (7:0) 

EGA: Lower eight bits of the vertical retrace start 
position programmed in horizontal scan lines. 

A.4.12 Vertical Retrace End Register 
(Index = 11) - Write 

(Light Pen Low register, Index = 11 - Read) 

Bits (7:S) 

EGA: Not used 

Bit S 
Enable Vertical Retrace Interrupt. 
EGA: It enables the IRQ output buffer control if 
Logic 0 is programmed. The IRQ latch within the 
CRT controller determines the logic state of the 
IRQ output signal. If programmed as logic 1, the 
IRQ buffer is switched to a high impedance state. 

Bit 4 
Clear Vertical Retrace Interrupt. 
EGA: When programmed to logic 0, the IRQ latch 
is reset and cleared to 0 if bit 5 = O. If it is logic 1, 
the IRQ latch gets set at the end of the vertical 
display. 

Bits (3:0) 

EGA: Identical to Vertical Retrace End Register 
Bits (3:0) definition in the VGA section. 

A.4.13 Underline Location Register 
(Index = 14) 

Bits (7:S) 
EGA: Not used. 

Bits (4:0) 
EGA: Horizontal scan row where the underline 
will be displayed. Value programmed is one less 
than the scan line desired. 
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A.4.14 End Vertical Blanking Register 
(Index = 16) 

Bits (7:5) 

EGA: Not used. 

Bits (4:0) 

EGA: Identical to End Vertical Blanking Register 
Bits (4:0) definition in the VGA section. 

A.4.15 Mode Control Register (Index = 17) 

Bits (7:5) 

EGA: Same as Mode Control Register Bits (7:5) 
definition in the VGA section. 

Bit 4 

EGA: Not used. 

Bits (3:0) 

EGA: Identical to Mode Control Register Bits 
(3:0) definition in the VGA section. 

A.5 GRAPHICS CONTROLLER 
REGISTERS INDEX PORT = 3CEH . 
DATA PORT = 3CFH 

A.5.1 Read Map Select Register 
(Index = 04) 

Bits (7:3) 

EGA: Not Used. 

Bits (2:0) 

EGA: Map selected bits (2:0) which represent en
coded value of the memory plane in binary as 
shown below· 

D2 D1 DO MAP SELECTED 
0 0 0 0 
0 0 1 1 
0 1 0 2 
0 1 1 3 

APPENDIX 

A.5.2 Mode Register (Index = 05) 

Bit (7:6) 

EGA: Not Used 

Bits (5:2) 

EGA: Identical to Mode Register Bits (5:2) defini
tion in the VGA section. 

Bits (1 :0) 

EGA: Binary coded write bits define the write 
modes per the table below: 

BIT BIT FUNCTION 
1 0 
0 0 Write mode 0 - Refer to earlier 

section 
0 1 Write mode 1 - Refer to earlier 

section 
1 0 Write mode 2 - Refer to earlier 

section 
1 1 Write mode 3 - Not Legal. 

Selects write mode 1. 

A.6 ATTRIBUTE CONTROLLER 
REGISTERS (PORTS = 3C0/3C1) 

A.6.1 Palette Registers 
(Index = 00 through OF) 

Bits (7:6) 

EGA: Not Used. 

Bits (5:0) 

EGA: Dynamic color selection. Logic 0 = Color 
deselection, and Logic 1 = color selection per the 
table below· 

BITS COLOR PIXEL 
5 Sec. Red VID5 
4 Sec. Green/lnten VID4 
3 Sec. Blue/Mono VID3 
2 Red VID2 
1 Green VID 1 
0 Blue VIDO 
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A.6.2 Mode Control Register (Index = 10) 

Bits (7:4) 

EGA: Not Used 

Bits (3:0) 

EGA: Identical to Mode Control Register Bits 
(3:0) definition in the VGA section. 

A.6.3 Overscan Color Register 
(Index = 11) 

Bits (7:6) 

EGA: Not Used 

Bits (5:0) 

EGA: Overscan color for the border. For a 
monochrome display, set all the six bits to logic O. 
The border color is defined by the color table for 
the Palette registers shown above. 

A.6.4 Color Plane Enable Register 
(Index = 12) 

Bits (7:6) 

EGA: Same as Color Plane Enable Register Bits 
(7,6) in the VGA section. 

Bits (5:4) 

EGA: 
Determines two of six colors for the Video Status 
Multiplexer per the table listed: 

WD90COO 

BITS BIT4 INPUT STATUS REGISTER 
1 (Port 3?A) 

BITS BIT 4 

0 0 VID 2(Red) VID 0 (Blue) 

0 1 VID 5(SRed) VID4 
(SGreen) 

1 0 VID 3(SBlue) VID 1 
(Green) 

1 1 VID 5(SRed) VID4 
(SGreen) 

Bits (3:0) 

EGA: Same as Color Plane Enable Register Bits 
(3:0) definition in the VGA section. 

A.6.S Horizontal PEL Panning Register 
(Index = 13) 

Bits (7:4) 

EGA: Not Used 

Bits (3:0) 

EGA: These four bits determine the horizontal left 
shift of the video data in number of pixels. In 
monochrome alpha numeric modes, (9 dots/char
acter) image can be shifted by 9 pixels. For all 
other graphics or alpha numeric modes, a maxi
mum left shift of 8 pixels is permitted. Refer to 
the left shift pixel table of the Horizontal PEL Pan
ning Register Bits (3:0) described in the VGA sec
tion. 
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A.7 APPLICATIONS 

The WD90COO applications section is divided 
into various interfaces such as processor (AT or 
Micro Channel mode), video memory, RAMDAC 
(INMOS G171), monitor, and clock. The descrip
tion and block diagrams are generic. No attempt 
is made to present schematic level details. Cur
rently available application notes, technical briefs, 
and referenced literature at the end of the data 

APPENDIX 

book should supplement the information provided 
in this section. External video subsystem enable 
1/0 port at 3C3H is briefly explained. The Figures 
11 through 20 are shown along with their brief 
description on the subsequent pages. 

Figure 11 highlights the various WD90COO 
Processor, memory, and 1/0 interfaces. 

\v'D90COO 

1. B BIT PCIAT \.,11TH 
8 BIT BIDS 

2. 16 BIT PCI AT \.,11TH 
8 BIT BIDS 

3. 16 BIT PCI AT \.,lITH 
16 BIT BIDS 

4. 16 BIT MICRO CHANNEL 
5. PCI AT VGA ROM BIDS 

PAGE MAPPING 

1. CLOCK INTERFACE 
\.,lITH INTERNAL MUX 

2. EXTERNAL MUX 8:1 
3. EXTERNAL MUX 4: 1 

EMEM 
EJON 
DSI6N 
SFDBKN 
M\.,IRN/-SO 
MRDN/M/-ID 
ID\,IN/-CMD 
IDRN/-Sl 
EDBFN 
EABFN 
BHEN 
DA(14:0) 
DA(JS) 
ACl9:15) 
IRQ 
RDY 
DIR 
RSET 
EBROMN 

MCLK 
VCLKO 
VCLKI 
VCLK2 

MA(8:0) 
MD(15:0) 
RASION 

RAS32N 
CASION 

CAS32N 
\,lEON 
\.,IEIN 
\,IE2N 
\,IE3N 
OEION 

OE32N 

VID<7:0) 
PCLK 

BLNKN 
HSYNC 
VSYNC 
RPLTN 
\.,IPLTN 

1. CONFIGURATION INTERFACE 

1. 256 K DRAM INTERFACE 

2. 512 K DRAM INTERFACE 

3. lMEG DRAM INTERFACE 

I. RAMDAC INTERFACE 
\.,11TH INMOS G171 

2. MONITOR DETECT INTERFACE 
3. AUXILIARY VIDEO CONNECTOR 
4. FEATURE CONNECTOR 

SPECIAL CASE 
I. TTL MONITOR INTERFACE 

AND SUPPORTING CIRCUITRY 

FIGURE 11. WD90COO PROCESSOR, MEMORY, AND 1/0 INTERFACES 
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Figure 12 shows a block diagram of the 
WD90COO with 8-bit PC/AT interface using an 8-
bit BIOS. The system data bus SD(7:0) and ad
dress bus SA(19:0) are shown along with as
sociated buffers and BIOS ROM. Auto monitor 
sense line is also included. 

WD90COO 

CONVENTION: "*" = Logic AND function, "/" = In
verted function, and "+" = Logic OR function. 

"*,, NOTE PA(14:12) CAN BE FROM PAGE MAP
PING LOGIC. 

27256-15/20 

SA<12: 14) 0 R PA<1C~: 14) A(12: 14) 

SA(O:11) . A(O: 11) D(O:7) .. p 

DE CE 

'245 Y 
SD(o:n ~ .. ... .. DA(O:n -

DIR G EBROMN 

t y 
EDBUFN 
DIR 

'244 

[> 'WD90COO 
p SA(o:n 

G G 

Y Y EABUFN 

SA(S:14) .. DA(8:14) 
MONITOR SENSE 

: DA(15) 
SA(15:19) .. SA(15 :19) ;, 

RESET DRV : RSET 
REFRESH :- EMEM 

AEN EION 
PULLED UP TO +5V 

.. BHEN ;, 
-SMEMR ;, MRDN 
-SMEMW' :- MW'RN 

-IDR ;;;: IDRN 
-lOW' lOW'N 

liD CHRDY .... RDY 
-= IRQ ...... IRQ 

NC DS16N 
NC ~ SFDBKN (RoM16N) 

FIGURE 12. 8-BIT PC/AT INTERFACE WITH 8-BIT BIOS 
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Figure 13 illustrates 16-bit PC/AT interface with 8-
bit BIOS using W090COO. The processor data 
bus SO(15:0), and the system address bus 
SA(19:0) are shown. Associated address and 
data bus buffers, BIOS ROM, and auto monitor 
sense are also shown in it. Note, PA (14:12) to 
BIOS ROM can be derived from the BIOS page 

APPENDIX 

mapping logic if implemented. Logic equations for 
upper data bus buffer gate EOBFN1. 

/EOBFN1 = /EOBUFN * EBROMN * /SMEMW * 
/SBHE * /OS16N + EOBUFN * EBROMN * 
/SMEMR * /SBHE * /OS16N. 

27256-15/20 LA2 

LA1!§ 

12-94 

SA<12 : 14) DR PAC12:14) ...... 

SA(o:m'" 

'245 

SD(O:7> ' .... ~ 
G DIR 

EDBUFN 
'245L 

SD(8:15) .... ~ 
G DIR 

EDBFN1 • 
'244 

SA(O:7> t> 
G G 

Y Y 

'244 

:14>-" SACS 

MONITOR SE 
t> 

NSE ..... G G 

Y Y 
SA(15:19) 
EDBUFN 

RESET DRV 
REFRESH 

AEN 
-SBHE 

-SMEMR 
-SMEMW 

-lOR 
-lOW 

lID CHRDY 
IRQ 

DS16N 

A<12: 14) 
LA21 

A(O:11> LA20 

LA1!=CrY-LA18 

D(O:7> ~ LA1!t.I.-:r 
DS16 .... 

DE CE 

• -MEMCSI6 

--
DA(O:14> 

EBROMN 

DIR 

W'D90COO 

EABUFN 

DA(15) 

b SA<15:19) .. 
... EDBUFN 

RSET 
EMEM 
EION . BHEN 
MRDN 
MWRN 
lORN 
IOWN 
RDY 
IRQ 
DS16N 

NC SFDBKN (ROM16N) 

FIGURE 13. 16-BIT PC/AT INTERFACE WITH 8-BIT BIOS 
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Figure 14 illustrates a 16-bit PC/AT interface with 
a 16-bit BIOS ROM implementation using 
W090COO. The system data bus SO(15:0), ad
dress and data bus buffers, and auto monitor 
sense input is presented. The (16K X 8) upper 
and lower byte EPROMS, output enable lines 
(EROMO I EROM1), from the BIOS page map
ping logic if it is implemented. Also, -MEMCS16 
implementation is limited to certain bus speeds 
as SA 15 and SA 16 are used. 

IEROMO = IEBROMN • ISMEMR • ISAO 

WD90COO 

IEROM1 = IEBROMN • ISBHE • ISMEMR • 
IROM16N + IEBROMN • SAO • ISMEMR • 
ROM16N 

IEOBFX = IEBROMN • SAO· ISMEMR • 
ROM16N + IEBROMN * ISBHE • SAO· 
IROM16N * ISMEMR 

IEOBUF1 = IEOBUFN • ISMEMW • ISBHE • 
IOS16N + IEBROMN • ISMEMR· ISBHE· 
IROM16N + IEOBUFN • ISMEMR • ISBHE • 
IOS16N· EBROMN. 
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12:14) SA<l2: 14) IR PA( 

SA WI!) 

ERIINI 

ACU:13) 

A(O:IO) 

27128-15/20 

D<O:7> 

liE CE 

'Y4--... A(I1:I3) 

A<O:IO) 

27128-15/20 

RIIMO E 

EDBF" 

E 

X 

BRIINN 

~ 
) ... ~ ~ SD<0:7 

G DIR 

N--t:L 
~ 

)~ ~ 
EDBUF" 

SD<B:15 

G DIR 

EDBF" 1 

...!!!. 

liE 

Y 

SA<0:7 ) ---eo I> ==-
H 
~ 

8:14)~ I> ... SA( 

MIINITIR SENSE E--'H -
SA<lS:I9) 
EDBUfN 

RESET DRV 
REFRESH 

flEN 
-SBHE 

-SMEHR 
-SHEHIoI 

-IIIR 
-111101 

1111 CHRDY 
IRQ 

DSI6N 

D(O:7) 

CE 

4-

SF"DBKN (RIIMl6N) 

D<8:15) 

~ 
,D<B:~ 1> .. 

G G D<O:7l 

~ 

D<O:7) 

--

1lA(0:14) 

EBRIINN 

DIR(READ/-IoIRITE) 

'WD90COO 

EABlFN 

DAOS) 

SA(IS:19) 
EDBUfN 
RSET 
ENEN 
EIIIN 
BHEN 
MRDN 
MWRN 
IIIRN 
lIIIoIN 
RDY 
IRQ 
DSI6N 
SF"DBI<N (RIIHI6N) 

FIGURE 14. 16-BIT PC/AT INTERFACE WITH 16-BIT BIOS 
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Figure 15 illustrates the W090COO and a 16-bit 
Micro Channel interface. The system data bus 
upper byte bits 0(14:8) and lower data bus byte 
0(7:0) are sampled and buffered for the 
W090COO input pins OA(14:0). Likewise, system 
address byte upper bits A(14:8) and lower ad
dress byte A(7:0) are buffered and gated to the 
W090COO input pins OA(14:0). The monitor 

WD90COO 

sense input buffer and 015 are gated into the 
OA 15 input of the W090COO. The Micro Channel 
bus control signals provide the timing and are 
gated by the appropriate logic blocks to the 
W090COO. Setup must be latched (OFF) with 
-CMO. 
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ALS245 

0(0:7) ~ ... 
p 

G OIR 

EDBUFLN 
l( • 

ALS245 

0(8: 15) ~ ---- DA(O:14) -
G DIR 

EDBUFHN '1 • 
DIR 

F244 

A(O:7) p I> WD90COO 
G G 

-CMD-~ Ii. Ii. 
F 

UFLN-~' F244 EDB 

A(8 :14) .. I> 
ONITOR SENSE 

.. .. 
DA(15) G G M 

Y I.J. -
NC't- EBROMN 

A(15:19) A(15:19) 
EDBUFHN 

~ 
EABUFN 

EDBUFLN EDBUFN -

·IRQ9 

CHRESET ;;;: RSET 
EMEM :: EMEM 

SETUP : EION 
-SBHE :- BHEN 

f 
M/-IO : MRDN/M/-IO 

-SO ;;;; MWRN/-SO 
-CMD : IOWN/-CMD 

-S1 p IORN/-S1 
+5V 

~ CD CHRDY 
1 

RDY ... .... IRQ 
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FIGURE 15. 16·BIT MICRO CHANNEL INTERFACE 
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Figure 16 illustrates the WD90COO with 1024 KB 
video memory organization using four 256 KB 
maps. Each 256 KB map is made from two 
(256K X 4) DRAMs. The built in DRAM controller 
provides all the memory control signals and 
refresh cycles. The WD90COO also supports 256 
KB, or 512 KB video memory organization using 
(64K X 4) DRAM modules. The 256 KB con
figuration just does not have MAS connected to 
the DRAMs. The 512 KB configuration uses MAS 
as select to multiplex the CAS10 and CAS32 sig-

MO(0:15) 
MA(O:B) 
RAS'ON 
CAS 1 ON 

OE10N 

WD90COO 

nals to two 256 KB banks of eight 64K X 4 
DRAMs. 

Figure 17 illustrates the WD90COO and RAMDAC 
(I NMOS G 171) interface block diagram for 
analog monitors. 

NOTE: 
LA(1), LA(O) ARE LATCHED ADDRESSES. 
DA(7:0) ARE MULTIPLEXED DATA BITS. 

WD90COO ~ro(ii:4) , MO(B:",r"[i'(O:4)" ~"0(0:4) , MD(e:3)~ 

256KX4 256KX4 256KX4 256KX4 
A(O:B) A(e:B) A(e:B) A(e:B) 
/RAS IRAS IRAS IRAS 
ICAS ICAS leAS leAS 

± ~ + IDE 
WE 

WE,N 
WEON 

RAS32N 
CAS32N 

OE32N 
~"0(0:4) ~r"[i'(O:4)" ~ "0(0:4) ~~ 

256KX4 256KX4 256KX4 256KX4 

A(e:B) A(O:B) A(e.B) A(e :6) 
IRAS IRAS IRAS IRAS 
ICAS ICAS leAS ICAS 

+ ~ + IDE 
WE WE 

WE3N 
WE2N 

FIGURE 16.1 MBVTE DRAM CONFIGURATION 

lREf ...... CURRENT REf 

DACO: 7) mom 
LAm RS! 

LACO) RSO 

RAMDAC 
'w'PLTN IIRN 

RPLTN RON 

VIDeo:]) PDCO:7) 

PCLK PCLK 

BLKN BLANK 
R 

G 

'w'D90COO B 

:i:b -.or 150 OHMS 

HSYNC 
VSYN 

FIGURE 17. RAMDAC INTERFACE 
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Figure 18 illustrates the WD90COO and TTL 
monitor connections. 

NOTE: 
1. VGAfrTL switch may be used to disable 
HSYNC and VSYNC for Analog or TTL Video con
nector. 

APPENDIX 

2. MD(15:12) may also be connected as the 
EGAswitches if desired. See PR register and Pin 
out sections for more details. 
3. For AT applications using WD90COO. install 
the I RQ9 resistor. 
4. Transistor 2N2222A is used to emulate a 
Monochrome and a Color Display connection. 

VlD90COO INSTAll WITH VD90COO IlNl Y 
r---, 
I 0 I 

IRQ IRQ9 
TO VIDEO L ___ J 
CONNECTOR 

HSYNC 8 HSYNC '244 VSYNC 9 VSYNC 

VIDCS) .. 2 SEC RED 
VID(4) 

J\.; 
6 SEC GREEN/INTENS 

VID(3) 7 SEC BlUE/VIDEO 
VID(2) 3 RED 
VIDCI) 4 GREEN 
VIDeO) io. S BLUE 

1 GROUND 

+SV 

lK > A t?\ 2N2222A 

lS17S ~O~ 
DA7---+ 4 D 4 Q &- -b 

103 
DAO---+ 3 D 3 Q 1------1 

DA3---+ 2 D 2 Q 1-----. 

DA2---+ 1 D 1 Q :---

C Cl 

MClK ~ 
42 MHZ/45MHZ .r-! D7 

36MHZ D6 
28.322MHZ D5 
25.17SMHZ 1 l D4 

~--I." D3 
~ D2 

16.257MHZ ::: D1 

• 
A B 

I ~~VClKO 

osc • DO I s~, 

a..-_,r--...... ~100 

VGA/TTl 

MD11 

MD7 

MD6 

MDS 

MD4 

MD3 

MD2 

MDl 

MDO 

~ 

10'" 
r-u-
rv~;-

t'{,,)"" 4.7K I 
4.7K 

4.7K 

4.7K 

4.7K 

4.7K 

4.7K 

4.7K 

4.7K 
v 

FIGURE 18. WD90COO TTL MONITOR CONNECTIONS 
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Figure 19 presents WD90COO with external oscil
lators at the clock pins configured as inputs. The 
clock selection is determined by register 3C2H bit 
3 and bit 2. It is described by the table below: 

3C2H 3C2H CLOCK SELECTION 
81T3 81T2 
0 0 VCLKO 

0 1 VCLK1 
1 X VCLK2 

42 MHZ OR 36 MHZ 

25.175 MHZ 

28.322 MHZ 

36 MHZ OR EXT CLOCK 

WD90COO 

The Configuration register Bit 3 (MD3) should be 
tied low to make the WD90COO signal pins 
(VCLK1, VCLK2) inputs with a 10K Ohm resistor. 

Figure 20 illustrates WD90COO pins VCLK1 and 
VCLK2 configured as outputs. This is done when 
the Configuration register Bit 3 (MD3) is tied high 
with a 4.7K Ohm resistor and PR 15 bit 5 = 1 . 

WD90COO 
MD3 

i MCLK 

.. 
VCLKO -
VCLK1 

VCLK2 

FIGURE 19. CLOCK INTERFACE 

25.175MHZ --___ ~ 

28.322MHZ ----~ 2 

36.00MHZ 3 

CLK4----I~ 4 

42MHZ -----.... 

4:1 
MUX 

Y1 t------I~ 

WD90COO 

MCLK 
MD3 

VCLKO 

VCLK1 

VCLK2 

FIGURE 20. EXTERNAL MULTIPLEXING OF THE VIDEO CLOCKS 
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A.a WD90COO POWER UP 
CONFIG URATION 

The WD90COO uses the MD(0:7) and MD(11:15) 
input pins to configure itself at power up/reset. 
These lines will, upon power up/reset, latch logic 
values depending on whether there is a pull up or 
a pull down resister on them. PR1 (1 :0), 
PR11 (7:4), and CNF(S:2) are the internal 
registers that are configured on power up. 
CNF(3:2) and PR11 (7:4) will latch a noninverted 
value (pull up register = 1) into it and the other 
will latch an inverted value. For more details see 
the PR register and Pin out sections. 

PR 1 bit 0 will latch the inverted value of MD(O). 
A value of 1 (pulled down) will map out the decod
ing of the BIOS ROM by the WD90COO. A value 
will map it in. 

PR 1 bit 1 will latch the inverted value of MD(1 ). 
A value of 1 (pulled down) will signify to the 
WD90COO that the ROM BIOS data path is 16 
bits. The WD90COO will bring SFDBKN active 
low in AT mode (static signal) and SFKBKN can 
be used to externally generate -MEMCS16 (of the 
AT bus) for 16 bit ROM accesses. In Micro Chan
nel Mode, SFDBKN changes function to be the -
CD SFDBK signal output and DS16N is driven ac
tive when PR1 (1) is set and a valid ROM BIOS 
address is decoded. 

PR11 (4:7) bits will latch the EGA switch settings 
(SW4:SW1) after power up. A pull up resistor will 
set the appropriate PR11 register bit (4:7) to a 
logic 1. 

CNF(2) will latch the non inverted value of MD(2). 
A value of 1 (pulled up) will configure the 

APPENDIX 

WD90COO for IBM PC/XT/AT architecture. A 
value of 0 will configure the WD90COO for IBM 
PS/2 Micro Channel Architecture. WD90COO Sig
nal Pins and the interface will change functions 
depending on this value. 

CNF(3) will latch the noninverted value of MD(3). 
This bit configures the WD90COO pins VCLK1 
and VCLK2 as inputs or as outputs. A value of 0 
(pulled down) will configure these pins as inputs 
and a value of 1 sets them as outputs. When 
used as inputs, these pins when connected to 
clock crystals supply the video dot clock. The 
selection of these clocks, through an internal mul
tiplexer and along with VCLKO, depends on the 
value of 3C2H bits 2 and 3. When used as out
puts, VCLK1 becomes an active low load pulse 
when 3C2H is written to with data. VCLK2 be
comes the static value determined by the state of 
PR2 bit 1. When these signal pins are selected 
as outputs, the internal multiplexer is locked to 
select the VCLKO input pin as the video dot clock. 

CNF(7:4) will latch the inverted value of MD(7:4). 
These bits can be read through PR Register PR5 
bits 7 to 4. These are general purpose bits that 
may be used by the video BIOS. If unused by 
the BIOS, they are available to the application 
software. 

CNF(S) will indicate that a TTL display or an 
analog monitor is present in the video subsystem. 
A Pull up resistor on MD(11) causes CNF(8) to be 
latched 0 indicating that VGA compatible analog 
display is in the video subsystem. 
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A.9 REFERENCES 
A list of references for generating the WD90COO 
data sheet is shown below: 

• IBM Personal Computer Hardware User 
Guide (IBM # 6322510) 

• IBM Personal Computer XT Hardware User 
Guide (IBM # 6322511) 

• IBM Personal Computer AT hardware User 
Guide (IBM # 6280066) 

• IBM Personal System 2 Model 30 Hardware 
User Guide (IBM # 68x2230) 

• IBM Personal Computer AT Technical 
Reference Manual (IBM # 6280070) 

• IBM Personal System 2 Model 30 Technical 
Reference Manual (IBM # 68x2201) 

APPENDIX 

• IBM PC Options & Adapters Technical 
Reference Manual (IBM # 6322509) 

• IBM Personal System 2 BIOS Reference 
Manual (IBM # 68x2260) 

• Personal Computer Reference Manual (IBM 
#6025005) 

• AT&T Video Display Controller VDC 750/ 
VDC 600 Installation Guide 

• Hercules Graphics Card Owner's Manual 
• Paradise OEM Technical Publication Manual 

The customers are urged to refer to the manuals 
listed above and supplement their knowledge 
from other books and literature available in the 
market. 
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INTRODUCTION 

1.0 INTRODUCTION 
1.1 DOCUMENT SCOPE 

This document describes the function and opera
tion of the WD90C11 and WD90C11A devices. 
WD90C 11 is a 1.25 micron CMOS device, and 
WD90C11A is a 0.9 micron CMOS device. In 
most instances the WD90C11 and WD90C11A 
operate similarly and are referred to in this docu
ment as WD90C11 (A). Where there are differen
ces, the devices are identified specifically. 

This document supplies order information, a func
tional overview, signal pin details, a block 
diagram, internal register descriptions, AC/DC 
characteristics, timing diagrams, VLSI package in
formation, and associated references. 

Ordering Information: 
WD90C11 Part Numbers: 

WD90C11 LROO 03 or 
WD90C11 LROO 02 
- device tested to 45 MHz, VCLK 

WD90C11A Part Number: 
WD90C11 ALROO 02 

1.2 FEATURES 

• Provides single chip video graphics solution for 
IBM PC, XT, AT, and PS/2 compatible systems. 

• Supports two or four 256 Kbyte by 4 DRAMs, 
providing high performance, high resolution, 
and 256 colors. 

• 100% hardware compatible with IBM's VGA 
and EGA with hidden register support. 

• 100% CGA, MDA, Hercules Graphics, and 
AT&T Model 6300 compatible. 

• With 512 Kbytes of DRAM (four 256 Kb by 4), 
will support 1024 by 768 by 16 colors 
interlaced or non-interlaced, 640 by 400 by 256 
colors, 640 by 480 by 256 colors, 800 by 600 
by 256 colors. With two 256K by 4 DRAMs will 
support 1024 by 768 by 2/4 colors, 800 by 600 

WD90C111WD90C11A 

by 16 colors, 132 column text. 
• Write cache for improved CPU write 

performance. 
• 8- or 16-bit data bus for 110 and memory. True 

16-bit CPU to video memory transfer for all 
modes. 

• Up to 65 MHz maximum video clock rate. 
• Up to 42 MHz maximum memory clock rate. 

(45 MHz for WD90C11A) 
• Up to four simultaneous displayable fonts. 
• 6,7,8, and 9 pixel wide fonts. 
• Up to 16 fonts can be loaded. 
• Provides adapter video BIOS ROM decoding. 
• Total of 18 address bits for cursor location and 

start address. 
• Special double scanning and underline. 
• Special display enable or blanking output 

signal. 
• Special border disable. 
• Lockable palette, RAMDAC, and overscan 

registers. 
• Special register locking for flat panel 

applications. 
• Supports 16-bit liD register transfer to 

index/data register pairs. 
• Adjustable internal FIFO and fast page memory 

interface. 
• 132-pin Plastic Flat Pack (PFP) JEDEC 

package. 
• Integrated Feature connector interface and 

external RAMDAC support. 
• Integrated bus interface for PC / XT / AT, and 

Micro Channel with minimum external 
component support. 

• liD pin mapping and video output signature 
analysis to facilitate system level test. 
(WD90C11Aonly). 

11122/91 13-1 
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1.3 GENERAL DESCRIPTION 

The Western Digital Imaging WD90C11 and 
WD90C11A are CMOS VLSI devices that allow 
the design of a VGA graphics subsystem to inter
face with the PCIXT/AT bus, as well as the IBM 
Micro Channel bus, while maintaining backwards 
compatibility with previous video standards such 
as MDA, EGA, CGA, Hercules and AT&T 6300. 

The enhancements include Western Digital 
registers for EGA register level 'compatibility for 
PS/2 and TIL monitors, 1024 by 768 color 

INTRODUCTION 

graphics support, and integrated Micro Channel 
and AT interface. A major advantage of the 
WD90C11 (A) is that designs implementing this 
graphics controller will be able to run applications 
requiring VGA hardware and BIOS compatibility, 
and also EGA register level compatibility on 
analog, TTL, or multifrequency monitors, in inter
lace or non-interlace mode. The WD90C 11 (A) 
supports either two or four 256 Kbyte by 4 
DRAMs for operation. 

13-2 11122191 
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2.0 WD90C11(A) ARCHITECTURE 
The WD90C11 (A) contains four major internal 
modules, the CRT Controller, the Sequencer, the 
Graphics Controller and the Attribute Controller. 
The WD90C11 (A) also has four major interfaces: 
the CPU and BIOS ROM interface, the DRAM 
Display Buffer interface, the Video and RAMDAC 
interface, and the Clock interface. 

The WD90C11 (A) controls the interfacing be
tween the system microprocessor and video 
memory. Since the WD90C11 (A) arbitrates video 
memory between the system microprocessor and 
the CRT Controller contained within the 
WD90C11 (A), all data passes through the 
WD90C 11 (A) when the system microprocessor 
writes to or reads from the video memory. 

A FIFO is used internally to achieve the video 
display bandwidth necessary to interleave CPU 
accesses and display refresh cycles, using only 
two or four 256K by 4 DRAMs. 

2.1 WD90C11 (A) MODULES 

The CRT Controller module maintains screen 
refresh functions for the various display modes 

AT/MCA WD90C11 (A) 
INTERFACE 

WD90C11/wD90C11 A 

defined by the BIOS ROM resident firmware. The 
CRT Controller module also generates horizontal 
sync (HSYNC), vertical sync (VSYNC), and blank
ing signal for the display monitor. 

The Sequencer functions as a timing generator for 
the AT bus or Micro Channel interface, in 110 or 
memory cycles. It also provides the character 
clock in the alphanumeric mode, and the dot clock 
in the graphics mode, for the CRT, Graphics, and 
Attribute Controllers. 

The Graphics Controller manages data flow be
tween video memory and the Attribute Controller 
during active display (non-blanked) periods. It 
also controls system microprocessor reads from 
and writes to the video memory, using the time 
slots defined by the Sequencer. 

The Attribute Controller modifies the CRT display 
data stream in graphics and character modes. It 
controls blinking, underlining, cursor, pixel pan
ning, reverse video, and background or 
foreground color in all display modes. 

VIDEO ,------- MEMORY 
I DRAM 256K X 4 i CONTLR L ______ 

----, 
ADR I 

8105 (0-23) i 
ROM ANALOG/DIGITAL 
8/16 I 

w I COLOR/MONO MaNIT OR 
::;:u I 
w~ I 

'-- Ulffi I ,------ FIXED OR >-1- I 
Ul~ I I VIO (0-7) - RAMDAC - VARIABLE 

I L ______ 
SCAN 

I 
EXT/OSC. I-- I 

DATA I 

MUX 
(0-15) i 

-----, ,-------
CLOCK I I CRT 
CONTLR I I CONTLR 

FIGURE 2·1. SYSTEM BLOCK DIAGRAM 
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3.0 WD90C11 (A) INTERFACES 
3.1 CPU AND BIOS ROM INTERFACE 
The WD90C11 (A) is designed to operate in both 
the PC/XT/AT Bus and the PS/2 Micro Channel 
Bus architecture configurations. The selection of 
the mode depends on the setting of a configura
tion register bit CNF(2), which is determined upon 
power-up/reset, and is described in the 
WD90C 11 (A) Configuration Bits section of this 
data book. 

Whether configured for either AT or Micro Chan
nel operation, the WD90C11(A) operates function
ally in a manner conducive to PC/XT/AT or Micro 
Channel interfacing respectively. The signal pins, 
memory maps and I/O ports all operate to op
timize this interface with minimal external circuitry. 

The WD90C11 (A) provides all the signals, and 
decodes all the necessary memory and I/O ad
dresses to interface with the AT bus or the Micro 
Channel bus, in 8 or 16 bit data path modes. 
WD90C11 (A) also provides the necessary decod
ing of the adapter video BIOS ROM. Using the 
provided signals, the customer can implement 
designs which operate in 8- or 16-bit mode and 
control an 8 or 16 bit BIOS ROM. 

The I/O data path can be programmed to be 
either 16- or 8-bit. The CPU to display buffer data 
path can also be eight or sixteen bits wide for all 
modes. ROM16, IOCS16, and MEMCS16 signals 
are generated by the WD90C11 (A). 

The WD90C11(A) has a display memory write 
cache which holds the CPU write data until it can 
be transferred to the display memory, allowing the 
CPU to continue. This feature greatly reduces 
CPU wait states while writing to the video 
memory. 

The WD90C11 (A) will provide the necessary wait 
states for CPU accesses to the video memory if 
necessary. Wait states for I/O accesses and 
BIOS ROM accesses are not generated. 

Special I/O ports such as 46E8H for the AT for 
setup, and 102H for VGA enable, have been im
plemented internally in the WD90C11(A). 

WD90C11 (A) INTERFACES 

3.2 DRAM INTERFACE 
The WD90C11 (A) optimizes its interface to the 
video memory display buffer. The video memory 
DRAMs are organized as four planes to support 
all modes from only two or four 256K by 4 DRAMs 
by making use of its Fast Page Access of 
memory. Each plane can be configured as 64 
KBytes (128, 256, or 512 Kbyte total). 

For display refresh cycles, the WD90C11(A) will 
perform page mode read operations on the video 
memory in graphics modes. In alpha modes, a 
choice of page video memory read operation is 
also provided. For video memory write operations 
during graphics or alpha modes, the WD90C11/A 
will generate standard RAS/CAS cycles as 
needed. The WD90C11 (A) will also refresh the 
DRAMs with 3 or 5 (CAS before RAS) refresh 
cycles after every horizontal scan line. 

Two or four 256K by 4, 80 ns DRAMs and a 37.5 
MHz MCLK are required for all modes. 70 ns 
DRAMs can be used with 42 MHz MCLK. 

3.3 VIDEO INTERFACE 
The WD90C11 (A) is optimized to connect to an 
analog CRT monitor through a RAMDAC, but it 
may also be used to drive other types of displays, 
such as TTL monitors. In interfacing to an analog 
monitor through an external RAMDAC, the 
WD90C11 (A) provides all the necessary signals to 
interface to the video RAMDAC. 

The video interface for a CRT is very dependent 
on the CRT requirements and the resolution and 
depth (bits/pixels) of the image desired. New 
monitors, such as multifrequency monitors, are 
less stringent because of the many sync frequen
cies available. The WD90C11 (A) can be 
programmed to directly generate all the CRT sig
nals for up to 8 bits/pixel (256 color) displays. 

The Micro Channel Auxiliary Video Connector and 
the AT Feature Connector can be connected 
directly to the WD90C 11 (A). The WD90C 11 (A) 
also provides an input for a monitor type detection 
interface as done on the IBM VGA using com
parators. 
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WD90C111WD90C11 A 

3.4 CLOCK INTERFACE 
The WD90C 11 (A) has four clock input signal pins; 
the separate memory clock, MCLK, which drives 
the DRAM and bus interface timing; and the three 
video clocks, VCLKO, VCLK1, and VCLK2, which 
drive the video timing. VCK1 and VCK2 can also 
be programmed as outputs to provide the option 
to externally control a multiplexer that supplies the 
video clock. The MCLK can also be selected as a 
memory clock or video dot clock. 

WD90C11 (A) INTERFACES 

3.5 POWER-UP CONFIGURATION 

The WD90C11(A) uses the memory data pins to 
configure an internal configuration register upon 
power- up/reset. CNF(2) will determine whether 
the WD90C11 (A) will operate in AT or Micro Chan
nel Architecture (MCA) implementation. Other 
CNF bits configured by the WD90C11 (A) at 
power-up/reset are used as status bits, or for 
clock source control. For more information on 
WD90C11 (A) power-up configuration, refer to the 
Configuration Bits section of this document. 
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SIGNAL DESCRIPTIONS 

4.0 SIGNAL DESCRIPTIONS 
Figure 4-1 displays the WD90C11 (A) pin layout. 
The following table provides a signal listing for the 
132-pin WD90C11 (A) package. The signals are 
grouped according to their application and 
described in Table 4-2. 
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FIGURE 4-1. WD90C11(A) SIGNAL/PIN ASSIGNMENT 
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WD90C11IWD90C11 A SIGNAL DESCRIPTIONS 

PIN NAME PIN NAME PIN NAME PIN NAME 

1 - A14 34 - D8 67 - MD14 100 - VIDa 

2 - A15 35 - D7 68 - MD13 101 - VID1 

3 - A16 36 - D6 69 - MD12 102 - VID2 
4 - A17 37 - D5 70 - MD11 103 - VID3 

5 - A18 38 - D4 71 - MD10 104 - VID4 

6 - A19 39 - D3 72 - MD9 105 - VID5 
7 - A20 40 - D2 73 - MD8 106 - VID6 

8 - A21 41 - D1 74 - MD7 107 - VID7 
9 - A22 42 - DO 75 - MD6 108 - +5VDC 

10 - A23 43 - WE1 76 - MD5 109 - EXVID 
11 - BHE 44 - GND 77 - GND 110 - GND 
12 - EME;M 45 - MRD (MilO) 78 - MD4 111 - NC 
13 - EIO (3C3DO) 46 - MWR (SO) 79 - MD3 112 - MDET 
14 - IOCS16 47 - lOR (S1) 80 - MA8 113 - NC 

(CDSETUP) 

15 - GND 48 - lOW (CMD) 81 - MD1 114 - NC 
16 - IRQ (IRQ) 49 - RSET 82 - MDO 115 - NC 
17 - +5VDC 50 - +5VDC 83 - +5VDC 116 - NC 

18 - EBROM 51 - GND 84 - EXPCLK 117 - AO 

19 - DIR 52 - MAO 85 - GND 118 - A1 
20 - RDY 53 - MA1 86 - USR1 119 - A2 
21 - MEMCS16 54 - MA2 87 - USRO 120 - A3 

(CDDS16) 

22 - EDBUFH 55 - MA3 88 - PCLK 121 - A4 
23 - EDBUFL 56 -MA4 89 - BLNK 122 - A5 

24 - ROM16 57 - MA5 90 - VSYNC 123 - NC 
(CSFB) 

25 - HTL 58 - MA6 91 - HSYNC 124 - A6 
26 - D15 59 - MA7 92 - RPLT 125 - A7 

27 - D14 60 - MA8 93 - WPLT 126 - A8 
28 - GND 61 - GND 94 - VCLK2 127 - A9 

29 - D13 62 - RAS 95 - +5VDC 128 - A10 

30 - D12 63 - CAS 96 - VCLK1 129 - A11 
31 - D11 64 - WEO 97 - VCLKO 130 - A12 
32 - D10 65 - OE 98 - MCLK 131 - GND 

33 - D9 66 - MD15 99 - GND 132 - A13 

TABLE 4-1. WD90C11 (A) PIN ASSIGNMENTS 
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SIGNAL DESCRIPTIONS WD90C11/wD90C11 A 

PIN MNEMONIC I/O DESCRIPTION 

POWER ON 

49 RSET I Reset 
This signal input will reset the WD90C11 (A). MCLK 
and VCLKO should be connected to WD90C 11 (A) in 
order for the WD90C 11 (A) to initialize during Reset. 
Western Digital configuration bits are initialized at 
power-up reset based on the logic level on the MD15-0 
bus as determined by pull-up/pull-down resistors. The 
reset pulse width should be at least 10 MCLK clock 
periods. 

CLOCK SELECTION 

98 MCLK I Memory Clock 
This clock signal determines the VGA DRAM timing as 
well as system interface control timing. MCLK should 
be a minimum 37.5 MHz for 80 ns DRAMS. 

97 VCLKO I Video Clock 0 
This input is the video display clock for alphanumeric 
and graphics display modes. Typically, VCLK is 25.175 
MHz to display 640 pixels per horizontal display line. 
The miscellaneous output register bits 2 and 3, both 
set to 0, will select this clock if VCLK1 and VCLK2 are 
used as inputs. 

96 VCLK1 I/O Video Clock 1 
This pin can be a second video display clock input or 
an output to external clock selection module. Pin direc-
tion is determined on Reset by a pull-up/down resistor 
on pin MD3. A VCLK1 input frequency of 28.322 MHz 
is used to display 720 pixels per horizontal line. When 
it is an output, VCLK1 is an active low pulse during I/O 
writes to port 3C2H (or it reflects the contents of 03C2, 
Miscellaneous Register, bit 2). Refer to the Configura-
tion Register and PR15 Rejlister bit 5 descrjpJion. 

94 VCLK2 I/O Video Clock 2 
A third video display clock input or an output to exter-
nal clock selection module. Pin direction is 
programmed simultaneously with that of VCLK1. Acts 
as a user-defined external clock input, or an output 
reflecting the content of bit PR2(1) (or it reflects the 
contents of 03C2, Miscellaneous Register, bit 3) if CNF 
(3) is set to 1. See the Configuration Register and • PR15 Register, bit 5 description. 

TABLE 4-2. SIGNAL DESCRIPTIONS 
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WD90C111WD90C11 A SIGNAL DESCRIPTIONS 

PIN MNEMONIC I/O DESCRIPTION 

HOST INTERFACE 

10 -7 A23 - A20 I Address Bus (A23 - A20) 
These address bits should be connected to address 
bus SA23 - 20 in Micro Channel mode. In AT mode, if 
CNF(11) = 1, then A23-20 should be connected to 
LA23-20 of the AT address bus. If CNF(11) = 0, then 
A22-20 should be connected to LA 19 - 17 of the AT ad-
dress bus, and A23 should be connected to an exter-
nally decoded (LA23 x LA22 x LA21 x LA20 ) = 1 from 
the AT address bus. CNF(11) = 0 when M08 is pulled 
down with a 4.7 Kohm resistor. 

6 - 1 A19-A14 I Address Bus (SA19-SAO) 
132 A13 I These inputs are directly connected to the system ad-
130 -124 A12 -A6 I dress bus (SA19 - SAO). Latched address. 
122 - 117 A5-AO I A19 - A17 can be connected to LA19 - LA17 in 386 sys-

tems when CNF (11) = 1. 
Refer to CNF(11) definition. 

26 -27 015 - 014 I/O Data Bus (S015 - SOO) 
29 -42 013 - 00 I/O These bidirectional signals either may be connected 

directly to a local data bus requiring less than 8 rnA of 
source/sink, or may be connected through two external 
bus buffers controlled by EOBUFH, EOBUFL, and DIR. 

20 ROY 0 Ready 
An active high output which signals to the system 
processor that a memory access is completed, and is 
used to add wait states to the CPU bus cycles during 
video memory accesses. It may be pulled inactive by 
the W090C 11 (A) to allow additional time to complete a 
bus operation. This signal is not generated on I/O 
. cycles and accesses to the BIOS ROM. 

TABLE 4·2. SIGNAL DESCRIPTIONS (Continued) 

NOTE: 
( ) Micro Channel only. 
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SIGNAL DESCRIPTIONS WD90C11IWD90C11 A 

PIN MNEMONIC I/O DESCRIPTION 

16 IRQ/(IRQ) 0 Interrupt Request 
Programmable processor interrupt request. It is 
enabled via bit 5 in the Vertical Retrace End 
register. It is active high in AT mode and active low in 
Micro Channel mode. When the end of Vertical Dis-
play occurs, this signal will transition active, causing 
the interrupt. It will stay latched until CRTC11 bit 4 
clears it. In an AT system IRQ is usually not con-
nected, but may be connected if desired. IRQ is used 
to generate interrupt, usually in the Micro Channel 
mode. 

21 MEMCS16 0 Memory Chip Select 16 Bits 
(CDDS16) In AT mode, this line is used to respond the host to 

enable 16-bit video memory data transfer. In Micro 
Channel mode, this line is used to indicate 16-bit 
video memory or 1/0 access. 

13 EIO (3C3DO) I Enable I/O 
In AT mode, this active low signal is used to enable 
I/O address decoding and is connected directly to the 
system bus signal AEN (address enable). In Micro 
Channel mode, this line is from I/O port 3C3 bit 0 to 
enable video subsystem memory and 1/0 address 
decodinQ. ("1" = enable) 

18 EBROM 0 Enable BIOS ROM 
In AT mode, this is an active low signal to enable 
BIOS ROM (COOOOH - C7FFFH) if enabled by PR1 (0). 
A WRITE to WD90C11 internal 110 port address 
46E8H causes this signal to be used as a write strobe 
for an external register used in BIOS ROM page map-
pinQ. 

25 HTL 0 Enable High-to-Low (for 16-bit BIOS) 
If only an 8-bit CPU interface is used, this output 
enables a data buffer to allow reading the upper byte 
of ROM data on the lower data bus when 2 ROMs (16-
bit) are supported. 

12 EMEM I Enable Memory 
This signal enables memory decoding when high. It is 
normally connected to the signal -Refresh. 

TABLE 4-2. SIGNAL DESCRIPTIONS (Continued) II 
NOTE: ( ) Micro Channel only. 
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WD90C11IWD90C11 A SIGNAL DESCRIPTIONS 

PIN MNEMONIC 1/0 DESCRIPTION 

11 BHE I Byte High Enable 
If SAO is "0", this signal enables 16-bit data transfer mode 
when BHE is "0". With SAO, this signal is also used to 
select high byte data (SD[15:8J) or low byte data (SD[7:0]). 
An internal pullup is on this input. 

45 MRD/(M/IO) I Memory Read 
In AT mode, this signal is called MRD and is an active low 
memory read strobe. In Micro Channel mode, the signal is 
called MilO. It distinguishes between memory and I/O 
cycles. When (MilO) is high, a memory cycle is in process. 
A low on (MilO) shows that an 110 cycle is in process. 

46 MWR/(SO) I Memory Write 
The Active low memory write strobe in AT mode. In Micro 
Channel mode, it becomes SO and is the channel status 
signal which indicates the start and type of a channel cycle. 
Along with Sf, MilO, and CMD signals, it is decoded to in-
terpret 1/0 and memory commands. 

47 IOR/(S1) I 1/0 Read 
Active low 110 read strobe in AT mode. In Micro Channel 
mode, it becomes S1 and is the channel status signal 
which indicates the start and type of a channel cycle. 

48 10W/(CMD) I 1/0 Write 
Active low strobe. In AT mode, the strobe signals an I/O 
write. In Micro Channel mode it is the bus data strobe 
CMD; address bus validity is signaled by CMD going low 
while the rising edge of CMD indicates the end of a Micro 
Channel bus cycle. 

14 IOCS16 1/0 1/0 Chip Select 16 Bits 
(CDSETUP) In AT mode, used to respond to the host to allow 16-bit 1/0 

access. In Micro Channel mode, is driven by the host to in-
dividually select channel connector slots during system con-
figuration. 

19 DIR 0 Direction Control 
Active high Direction Control for external bus buffers in AT 
and MCA implementation. The default state is low until a 
read cycle occurs. The WD90C11 (A) will then drive DIR 
hiQh to chanQe the direction of the data buffers. 

22 EDBUFH 0 Enable Data Buffer High 
Active low signal allows control of an external data buffer 
for data bits D8 - D15. 

23 EDBUFL 0 Enable Data Buffer Low 
Active low signal allows control of an external data buffer 
for data bits DO - D7. 

TABLE 4-2. SIGNAL DESCRIPTIONS (Continued) 

NOTE: ( ) Micro Channel only. 
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SIGNAL DESCRIPTIONS WD90C11IWD90C11A 

PIN MNEMONIC I/O DESCRIPTION 

24 ROM16! 0 BIOS ROM Select 16 Bits 
(CSFB) This signal decodes the ROM address space COOOO -

DFFFF. It may be combined with SA 15 and SA 16 to 
control MEMCS16 for the address space COOOO-
C7FFF. This is an active low, totem-pole output. 

CARD SELECT FEEDBACK: (Micro Channel mode) 
This signal is used as Card Selected Feedback to pro-
vide positive acknowledgement of its presence at the 
host's addresses specified. This is an active low out-
put. 

DISPLAY MEMORY INTERFACE 

63 CAS 0 Column Address Strobe 
Active low CAS output signal (for both two and four 
DRAM configurations). 

62 RAS 0 Row Address Strobe 
Active low RAS output signal (for both two and four 
DRAM confiQurations). 

65 OE 0 Output Enable 
Active low DRAM output enable signal (for both two 
and four DRAM confiQurations). 

64 WEO 0 Write Enable 
Active low write enable siQnal for first two DRAMs. 

43 WE1 0 Write Enable 
Active low write enable signal for the second pair of 
DRAMs in a four-DRAM configuration. 

PROGRAMMABLE OUTPUTS 

87 USRO 0 May be used to control special card or system 
features. 

86 USR1 0 May be used to control special card or system 
features. 

TABLE 4-2. SIGNAL DESCRIPTIONS (Continued) 

NOTE: ( ) Micro Channel only. 
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WD90C111WD90C11 A SIGNAL DESCRIPTIONS 

PIN MNEMONIC I/O DESCRIPTION 

VIDEO MEMORY DATA 

66 -76 MD15 - MD5 I/O Display Memory Data (MD15 - 0) 
7S - S2 MD4 - MDO I/O These lines are the data bus to the video display 

DRAMS. The MD15-MD8 data lines are used with 4-
DRAM configurations of the WD90C11 (A). Data lines 
MDO-15 are pulled up by internal50K ohm resistors or 
may be pulled down by external 4.7K ohm resistors to 
provide setup information on power-up (reset) as fol-
lows: 

MD POWER·UP REGISTER 
FUNCTION (BIT) 

15 EGASW4 PR11(7) + 
14 EGASW3 PR11(6) + 
13 EGASW2 PR11(5) + 
12 EGASW1 PA11(4) + 
11 TIL Display/General 

Purpose Status CNF (S) * 
10 8- or 16-bit ROMs PR1 (1) * 
9 3C3 or 46ES I/O Port 

for Setup CNF(9) + 
S A23 - 20 Connection 

Select CNF(11) + 
7 General Purpose CNF(7) * 
6 General Purpose CNF(6) * 
5 General Purpose CNF(5) * 
4 General Purpose CNF(4) * 
3 VCLK1,2 InpuVOutput CNF(3) + 
2 AT/Micro Channel Mode CNF(2) + 
1 1 or 2 ROMs CNF(1) * 
0 BIOS ROM Mapping PR1 (0) * 

NOTES: 
"*,, Pulldown resistor sets these bits to logic 1 . 
"+" Pulldown resistor sets these bits to logic o. 
For more details refer to PR and Configuration 
Registers. 

VIDEO MEMORY ADDRESS 

60 - 52 MAS - MAO a Memory Address (MAO - MAS) 
Display memory DRAM address. For testing purposes, 
these pins can be tri-stated bysetting PR4(4)=1. 

TABLE 4·2. SIGNAL DESCRIPTIONS (Continued) 
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SIGNAL DESCRIPTIONS WD90C11/wD90C11A 

PIN NO. PIN SYMBOL TYPE DESCRIPTION 

RAMDAC INTERFACE 

107 -100 VID7 - VIDO 0 Video (VDO-VD7) 
Pixel video data output to DAC and to Feature 
Connector. These lines can drive up to a 8 mA 
load. 

92 RPLT 0 Read Palette 
Video DAC register and color palette read signal 
for an external RAMDAC. Active low during an 
1/0 read of addresses 3C6H, 3C8H, and 3C9H. 

93 WPLT 0 Write Palette 
Video DAC register and color palette write sig-
nal for an external RAMDAC. Active low during 
an 1/0 write to addresses 3C6H-3C9H. 

88 PCLK 0 Pixel Clock 
Video pixel clock output used by the DAC to 
latch video signals VIDO-7. Its source is one of 
the video clock inputs: VCLKO, VCLK1 or 
VCLK2 as determined by the Miscellaneous 
Output register. 

CRT CONTROL 

89 BLNK 0 Blank 
Active low display monitor blank pulse to exter-
nal RAMDAC. 

91 HSYNC 0 Horizontal Sync 
Display monitor horizontal synchronization 
pulse. Active high or low depending on the Mis-
cellaneous Output Register programming. 

90 VSYNC 0 Vertical Sync 
Display monitor vertical synchronization pulse. 
Active high or low, depending on the Miscel-
laneous OutQut Reqister proqramminq. 

112 MDET I Monitor Detect 
This pin is used when the RAMDAC is external. 
It is used to determine the monitor type and can 
be read at port 3C2H bit 4. 

FEATURE CONNECTOR SUPPORT 

109 EXVID I Enable External Video Data 
A Feature Connector input. A low tri-states the • video data lines VID7:0. An internal pullup resis-
tor is provided. 

84 EXPCLK I Enable External Pixel Clock 
A Feature Connector input. A low tri-states the 
PCLK output. An internal pullup resistor is 
provided. 

TABLE 4-2. SIGNAL DESCRIPTIONS (Continued) 
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WD90C111WD90C11 A SIGNAL DESCRIPTIONS 

PIN MNEMONIC 1/0 DESCRIPTION 

NO CONNECT 

123 NC 
116-113 NC 
111 NC 

POWER AND GROUND 

17 VCC ----- +5VDC 

50 VCC ----- +5VDC 
83 VCC ----- +5VDC 
95 VCC ----- +5VDC 

108 VCC ----- +5VDC 
15 GND ----- Ground 

28 GND ----- Ground 
44 GND ----- Ground 

51 GND ----- Ground 

61 GND ----- Ground 
77 GND ----- Ground 
85 GND ----- Ground 
99 GND ----- Ground 
110 GND ----- Ground 
131 GND ----- Ground 

TABLE 4-2. SIGNAL DESCRIPTIONS (Continued) 
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WD90C11 (A) REGISTERS WD90C11IWD90C11A 

5.0 WD90C11 (A) REGISTERS 
All the standard IBM registers incorporated inside 
the WD90C11 (A) are functionally equivalent to the 
VGA implementation while additional Western 
Digital registers enhance the video subsystem. 
Compatibility registers provide functional 
equivalence for AT&T, Hercules, MDA, and CGA 

standards defined earlier using the 6845 CRT 
Controller. This section describes the VGA 
registers in greater detail, followed by the VGAI 
EGA difference section and PR registers descrip
tion. For more information, refer to the reference 
literature. 

REGISTERS RW MONO COLOR EITHER 

GENERAL REGISTERS 

Miscellaneous Output Reg W 3C2 
R 3CC 

Input Status Reg 0 RO 3C2 
Input Status Reg 1 RO 3BA 3DA 
Feature Control Reg W 3BA 3DA 

R 3CA 
·Video Subsystem Enable RW 3C3 
AT Mode Setup and Enable W 46E8 
Setup Video Enable RW 102 
• 1/0 Port 3C3 can be used to replace 
46E8 (if CNF (9) = 0) for setup in AT 
mode. In Micro Channel mode, writes to 
3C3, bit 0 = 1 enables memory and 1/0 ad-
dress decoding. 

SEQUENCER REGISTERS 

Sequencer Index Reg RW 3C4 
Sequencer Data ReQ RW 3C5 

CRT CONTROLLER REGISTERS 

Index Reg RW 3B4 3D4 
CRT Controller Data Reg RW 3B5 3D5 

GRAPHICS CONTROLLER REGISTERS 

Index Reg RW 3CE 
Other Graphics ReQ RW 3CF 

ATTRIBUTE CONTROLLER REGISTERS 

Index Reg RW 3CO 
Attribute Controller Data Reg W 3CO 

R 3C1 

VIDEO DAC PALETTE REGISTERS 

Write Address RW 3CB 
Read Address W 3C7 
DAC State R 3C7 
Data RW 3C9 
Pel Mask RW 3C6 

1. RO = Read-Only, RW = ReadIWrite, W = Write, and R = Read. 
2. All Register addresses are in hex. 

TABLE 5-1. VGA REGISTERS SUMMARY 
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WD90C11IWD90C11 A WD90C11 (A) REGISTERS 

REGISTERS RW MONOCHROME COLOR 

PRO (A) Address Offset A RW 3CF.09 3CF.09 
PRO(B) Alternate Address Offset B RW 3CF.OA 3CF.OA 
PR1 Memory Size RW 3CF.OB 3CF.OB 
PR2 Video Select RW 3CF.OC 3CF.OC 
PR3 CRT Control RW 3CF.OD 3CF.OD 
PR4 Video Control RW 3CF.OE 3CF.OE 
PRS Unlock (PRO-PR4)/Status RW 3CF.OF 3CF.OF 
PR10 Unlock (PR11-PR17) RW 3BS.29 3DS.29 
PR11 EGA Switches RW 3B5.2A 3DS.2A 
PR12 Scratch Pad RW 3BS.2B 3DS.2B 
PR13 Interlace H/2 Start RW 3BS.2C 3DS.2C 
PR14 Interlace H/2 End RW 3BS.2D 3DS.2D 
PR1S Miscellaneous Control 1 RW 3BS.2E 3DS.2E 
PR16 Miscellaneous Control 2 RW 3BS.2F 3DS.2F 
PR17 Miscellaneous Control 3 RW 3BS.30 3DS.30 
Reserved 3XS.31- 3XS.3F RW 3BS.31 - 3BS.3F 3DS.31 - 3DS.3F 
** CNF Configuration ----- _ .. --.. -..... --
PR20 Unlock Sequencer Extended Registers W 3CS.06 3CS.06 
PR21 Display Configuration and Scratch Pad RW 3CS.07 3CS.07 
PR22 Scratch Pad (WD90C11Aonly) RW 3CS.08 3CS.08 
PR23 Scratch Pad (WD90C11 A only) RW 3CS.09 3CS.09 
PR30 Memory Interface and FIFO Control RW 3CS.10 3CS.10 
PR31 System Interface Control RW 3CS.11 3CS.11 
PR32 Miscellaneous Control 4 RW 3CS.12 3CS.12 .. 
NOTE: All of the PR Registers may be read/write protected. Refer to the PR Registers' description 

for more details. 

TABLE S·2. PR REGISTERS SUMMARY 

FUNCTIONS RW MDA CGA AT&T HERCULES 

Mode Control ReQ WO 3B8 3D8 3D8 3B8 
Color Select ReQ WO 3D9 3D9 
Status Reg RO 3BA 3DA 3DA 3BA 
Preset Light Pen Latch WO 3B9 3DC 3DC 
Clear Light Pen Latch WO 3BB 3DB 3DB 
AT&T/M24 Reg WO 3DE 
Hercules Reg WO 3BF 
+CRTC RW 3BO-3B7 3DO-3D7 3DO-3D7 3BO-3B7 

NOTES: 
1. RO = Read-Only, WO = Write-Only, RW = ReadlWrite. 
2. All Register addresses are in hex. 
3. + = 684S Mode Registers. 
4. ** = This register is loaded during power on. 

TABLE 5·3. COMPATIBILITY REGISTERS SUMMARY 
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WD90C11(A) REGISTERS 

5.1 VGA REGISTERS 

Throughout this section, all bit graphics and 
definitions apply to VGA mode followed by their 
brief description. 

5.1.1 General Registers 

NAME READ WRITE 
PORT PORT 

Miscellaneous Output 3CC 3C2 
Input Status Reoister 0 3C2 ---
Input Status Reoister 1 3?A ---
Feature Control 3CA 3?A 

NOTES: 

1. Reserved bits should be set to zero. 

2. "?" Value is controlled by Bit 0 of the 
Miscellaneous Output Register and is 
programmed as shown below: 

o = B in Monochrome Modes 
1 = 0 in Color Modes 

WD90C11IWD90C11A 

5.1.1.1 Miscellaneous Output Register, 
Read Port = 3CC, Write Port = 3C2 

BIT FUNCTION 

7 Vertical Sync Polarity Select 

6 Horizontal Sync Polarity Select 
5 Odd/Even Memory Page Select 
4 Reserved 
3 Clock Select 1 
2 Clock Select 0 
1 Enable Video RAM 
0 I/O Address Select 

Bit 7 * 
Vertical Sync Polarity Selection. 
0= Positive vertical sync polarity. 
1 = Negative vertical sync polarity. 

Bit 6 * 
Horizontal Sync Polarity Selection. 
0= Positive horizontal sync polarity. 
1 = Negative horizontal sync polarity. 

NOTE: 
"These bits determined the vertical size of the 
frame by the monitor. Their encoding is shown 
below: 

BIT7 BIT6 VERTICAL FRAME 

0 0 Reserved 
0 1 400 lines/scan 
1 0 350 lines/scan 
1 1 480 lines/scan 

Bit 5 

Odd or Even Memory Page Select. 
When in modes 0-5, one memory page is 
selected from the two 64 Kbyte pages. 
o = Lower page is selected. 
1 = Upper page is selected. 

Bit 4 

Reserved in VGA. 
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WD90C111WD90C11 A 

Bit(3:2) Clock Select 1,0. 

BIT 3 BIT 2 FUNCTION 

0 0 Selects VCLKO for VGA applica-
tions. Can be connected to 
allow 640 dots/line (25.175 
MHz). 

0 1 Selects VCLK1 for VGA applica-
tions. Can be connected to 
allow 720 dots/line (28.322 
MHz) if Configuration Register 
bit3 = O. 

1 0 Selects VCLK2 (external user 
defined input) if Configuration 
ReQister bit 3 = O. 

1 1 Reserved. Also selects VCLK2 
(external user defined input) if 
Configuration Register bit 3 = O. 

Bit 1 

System Processor Video RAM Access Enable. 
o = CPU access disabled. 
1 = CPU access enabled. 

Bit 0 
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5.1.1.2 Input Status Register 0, 
Read Only Port = 3C2 

BIT FUNCTION 

7 CRT Interrupt 

6,5 Reserved 
4 Monitor Detect Bit for Color/ 

Monochrome Display 
3:0 Reserved 

Bit 7 

CRT Vertical Retrace Interrupt Pending or 
Cleared. 
o = Vertical retrace interrupt cleared. 
1 = Vertical retrace interrupt pending. 

Bit(6:5) 

Reserved in VGA. 

Bit 4 

Monitor Detection in VGA mode. MDET monitor 
status (pin 112) is sampled and can be read from 
this bit. 

CRT Controller I/O Address Range Selection. Bit(3:0) 
Selection for Monochrome (3B4 and 3B5), or Reserved. 
Color (3D4 and 3D5) mode. Bit 0 also maps Input 
Status Register 1 at MDA (3BA) or CGA (3DA). 

0= CRTC and status addresses for MDA mode 
(3BX). 

1 = CRTC and status addresses for CGA mode 
(3DX). 
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5.1.1.3 Input Status Register 1, 
Read Only Port = 3?A 

BIT 

7,6 

5 
4 
3 
2, 1 

0 

Bit(7:6) 

Reserved. 

Bit(5:4) 

FUNCTION 

Reserved 
Diagnostic 0 
Diagnostic 1 
Vertical Retrace 
Reserved 
Display Enable 

Color Plane Diagnostics. 
These bits allow the processor to set two out of 
eight colors by activating the Attribute Controller's 
Color Plane Enable Register bits 4 and 5. Their 
status is defined in the following table: 

COLOR PLANE INPUT STATUS 
ENABLE REGISTER REGISTER 1 

BIT5 BIT4 BIT5 BIT4 
0 0 VID2 VIDO 
0 1 VID5 VID4 
1 0 VID3 VID1 
1 1 VID7 VID6 

Bit 3 

Vertical Retrace Status. 
0= Vertical frame is displayed. 
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1 = Vertical retrace is active. 

Bit(2:1 ) 

Reserved. 

Bit 0 

Display Enable Status. 
o = CRT screen display in process. 
1 = CRT screen display disabled for horizontal or 

vertical retrace interval. 

5.1.1.4 Feature Control Register, 
Read Port = 3CA, Write Port = 3? A 

BIT 

7-4 

3 
2-0 

Bits(7:4) 

Reserved 

Bit 3 

FUNCTION 

Reserved 
Vertical Sync Control 
Reserved 

Vertical Sync Control: 
o = Vsync output enabled 
1 = Vsync output is logical "OR" of Vsync and 

Vertical Display Enable. 

Bit(2:0) 

Reserved 
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5.1.2 Sequencer Registers 

PORT INDEX NAME 
3C4 --- Sequencer Index 
3C5 00 Reset 
3C5 01 ClockinQ Mode 
3C5 02 Map Mask 
3C5 03 Character Map Select 
3C5 04 Memory Mode 

NOTE: 
Reserved bits should be set to zero. 

5.1.2.1 Sequencer Index Register, 
Read/Write Port = 3C4 

BIT 
7-5 
4-0 

Bit(7:3) 
Reserved. 

Bit(2:0) 

FUNCTION 
Reserved 
Sequencer Address/Index Bits 

Sequencer Address/Index. 
The Sequencer Address Register is written with 
the index value (00Hc04H) of the Sequencer 
register to be accessed. 
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5.1.2.2 Reset Register, 
Read/Write Port = 3C5, Index = 00 

BIT 
7-2 

1 
0 

Bit(7:2) 
Reserved. 

Bit 1 

FUNCTION 
Reserved 
Synchronous Reset 
Asynchronous Reset 

Synchronous Reset. 
o = Sequencer is cleared and halted 

synchronously. 
1 = Operational mode (Bit 0 = 1). 

Bit 0 
Asynchronous Reset. 
o = Sequencer is cleared and halted 

asynchronously. 
1 = Operational mode (Bit 1 = 1). 
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5.1.2.3 Clocking Mode Register, 
Read/Write Port = 3C5, Index = 01 

BIT FUNCTION 

7,6 Reserved 
5 Screen Off 
4 Shift 4 
3 Dot Clock 
2 Shift Load if Bit 4 = 0 
1 Reserved 
0 8/9 Dot Clocks 

Bit(7:6) 

Reserved. 

Bit 5 

Screen Off. 
o = Normal screen operation. 
1 = Screen turned off. SYNC signals are active 

and this bit may be used for quick full screen 
updates. 

Bit 4 

Video Serial Shift Register Loading. 
o = Serial shift registers loaded every character 

or every other character clock depending on 
bit 2. 

1 = Serial shift registers loaded every 4th charac
ter clock (32 bit fetches). 

Bit 3 

Dot Clock Selection 
o = Normal dot clock selected by VCLK input fre

quency. 
1 = Dot Clock divided by 2 (320/360 pixels). 
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Bit 2 

Shift Load. Effective only if bit 4=0. 
0= Video serializers will be loaded every charac

ter clock. 
1 = Video serializers are loaded every other char

acter clock. 

Bit 1 

Reserved. 

Bit 0 

8/9 Dot Clock. 
Commands Sequencer to generate 8 or 9 dot 
wide character clock. 
o = 9 dot wide character clock. 
1 = 8 dot wide character clock. 

5.1.2.4 Map Mask Register, 
Read/Write Port = 3C5, Index = 02 

BIT 

7-4 
3 
2 
1 
0 

Bit(7:4) 

Reserved. 

Bit(3:0) 

FUNCTION 

Reserved 
Map 3 Enable 
Map 2 Enable 
Map 1 Enable 
Map 0 Enable 

Controls Writing To Memory Maps (0-3) respec
tively. 
o = Writing to maps (0-3) disallowed. 
1 = Maps (0-3) accessible. 
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5.1.2.5 Character Map Select Register 
Read/Write Port = 3C5, Index = 03 

BIT FUNCTION 

7,6 Reserved 
5 Character Map Select A Bit 2 
4 Character Map Select B Bit 2 
3 Character Map Select A Bit 1 
2 Character Map Select A Bit 0 
1 Character Map Select B Bit 1 
0 Character Map Select B Bit 0 

If Sequencer Register 4 bit 1 is 1, then the at
tribute byte bit·3 in text modes is redefined to 
control switching between character sets. A 0 
selects character map B. A 1 selects character 
map A. Character Map selection from either 
plane 2 or plane 3 is determined by PR2(2), 
PR2(5) and bit 4 of the attribute code. 

Bit(7:6) 

Reserved. 

Bit 5 

Character Map A MSB Select. 
The Most Significant Bit (MSB) of character map A 
along with bits 3 and 2, select the location of char
acter map A as shown below. 

BITS MAP FONT/PLANE 2 
532 SELECTED OR 3 LOCATION 
000 0 1st 8 Kbyte 
001 1 3rd 8 Kbyte 
010 2 5th 8 Kbyte 
01 1 3 7th 8 Kbyte 
100 4 2nd 8 Kbyte 
1 01 5 4th 8 Kbyte 
1 1 0 6 6th 8 Kbyte 
1 1 1 7 8th 8 Kbyte 
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Bit 4 

Character Map B MSB Select. 
The MSB of character map B along with bits 1 
and 0, select the location of character map B as 
shown below. 

BITS MAP 
410 SELECTED 
000 0 
001 1 
010 2 
011 3 
100 4 
1 01 5 
1 1 0 6 
111 7 

Bit(3:2) 

Character Map Select A. 
Refer to bit 5 table. 

Bit(1 :0) 

Character Map Select B. 
Refer to bit 4 table. 

FONT/PLANE 2 
OR 3 LOCATION 
1st 8 KB'Lte 
3rd 8 KByte 
5th 8 KByte 
7th 8 KByte 
2nd 8 KByte 
4th 8 KByte 
6th 8 KByte 
8th 8 KByte 
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5.1.2.6 Memory Mode Register, 
Read/Write Port = 3C5, Index = 04 

BIT 

7-4 

3 
2 
1 
0 

Bit(7:4) 

Reserved. 

Bit 3 

FUNCTION 

Reserved 
Chain 4 
Odd/Even 
Extended Memory 
Reserved 

Chains 4 Maps. 
o = Processor sequentially accesses data using 

map mask register. 
1 = Directs the two lower order video memory ad

dress pins (MAO,MA1) to select the map to 
be addressed. The map selection table is 
shown below: 
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MA1 MAO MAP SELECTED 

0 0 0 
0 1 1 
1 0 2 
1 1 3 

Bit 2 

Odd/Even Map Selection. 
o = Even processor addresses to access maps 0 

and 2. Odd processor addresses to access 
maps 1 and 3. 

1 = Sequential processor access as defined by 
map mask register. 

Bit 1 

Extended Video Memory. 
o = 64 Kbyte of video memory. 
1 = Greater than 64 Kbyte of memory for 

VGAlEGA modes. 

Bit 0 

Reserved. 
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PORT INDEX VGA REGISTER NAME *6845 REG NAME 
3?4 -- CRT Controller Address Reg. CRTC Address Reg 
3?5 00 Horizontal Total Hor. Total 

3?5 01 Horizontal Display Enable End Hor.Disp 
3?5 02 Start Horizontal Blanking + 
3?5 03 End Horizontal Blankir"l~ + 
3?5 04 Start Horizontal Retrace + 
3?5 05 End Horizontal Retrace + 
3?5 06 Vertical Total +Vert. Disp. 
3?5 07 Overflow + 
3?5 08 Preset Row Scan + 
3?5 09 Maximum Scan Line/Others Max. Scan Line Add. 
3?5 OA Cursor Start Cursor Start 
3?5 OB Cursor End Cursor End 

3?5 OC Start Address High Start Add. High 
3?5 00 Start Address Low Start Add. Low 
3?5 OE Cursor Location High Cursor Loc. High 

3?5 OF Cursor Location Low Cursor Loc. Low 
3?5 10 Vertical Retrace Start Light Pen High Read 

3?5 11 Vertical Retrace End Light Pen Low Read 

3?5 12 Vertical Display Enable End 
3?5 13 Offset + 
3?5 14 Underline Location + 
3?5 15 Start Vertical Blank + 
3?5 16 End Vertical Blank + 
3?5 17 CRTC Mode Control + 
3?5 18 Line COl'T!Pare + 

TABLE 5-4. CRT CONTROLLER REGISTERS 

NOTES: 

1. "?" Value is controlled by Bit 0 of the Miscellaneous Output Register and is programmed 
as shown below: 

O=B in Monochrome Modes and 
1 =0 in Color Modes 

2. "." 6845 Mode Registers are defined and explained in greater in the reference literature. 

3. "+" This register can be programmed in VGA mode only. It is not applicable in 6845 mode. 

4. Reserved bits should be set to zero. 
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5.1.3 CRT Controller Registers 

5.1.3.1 CRT Address Register 
Read/Write Port= 3?4 

BIT 

7-5 
4-0 

Bit(7:5) 

Reserved. 

Bit(4:0) 

FUNCTION 

Reserved 
Index bits 

Index Register Bits. 
CRT Controller index pointer bits to specify the 
register to be addressed. Its value is programmed 
hex. 

5.1.3.2 Horizontal Total Register 
Read/Write Port = 3?5, Index=OOH 

FUNCTION 

Horizontal Total Period 

Bit(7:0) 

Count Plus Retrace Less 5. 

In VGA mode, the total character count is the total 
number of characters including retrace time less 
5, per horizontal scan line. 

5.1.3.3 Horizontal Display Enable End 
Register Read/Write Port = 3?5, 
Index 01H 

FUNCTION 

Bit(7:0) 

The total displayed characters less one are 
programmed in this register. This register is lock-
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ed if PR3(5) = 1 or the Vertical Retrace End 
Register bit 7= 1 . 

5.1.3.4 Start Horizontal Blanking Register 
Read/Write Port = 3?5, Index = 02H 

FUNCTION 

Start Horizontal Blankin 

Horizontal blanking begins when the horizontal 
character counter reaches this character clock 
value. This register is locked if the PR Register 
PR3 (5) = 1 or the Vertical Retrace End Register 
bit7=1. 

5.1.3.5 End Horizontal Blanking Read/Write 
Port = 3?5, Index = 03H 

BIT FUNCTION 

7 Reserved 
6,5 Display Enable SiQnal Skew Control 
4-0 End Horizontal Blanking (lower 5 bits) 

This register is locked if the PR Register PR3(5) = 
1 OR the Vertical Retrace End Register bit 7 = 1. 

Bit 7 

Reserved 

Bit(S:5) 

Display Enable Signal Skew Control. 
They define the display enable signal skew time 
in relation to horizontal synchronization pulses. 
The skew table is shown below: 

BITS BITS SKEW IN CHARACTER 
CLOCKS 

0 0 0 
0 1 1 
1 0 2 
1 1 3 
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Bit (4:0) 

End Horizontal Blanking. 
End Horizontal Blank signal width "W" is deter
mined as the value of start blanking register plus 
"W" in character clocks. The least significant five 
bits are programmed in this register, while the 
most significant bit is the End Horizontal Retrace 
Register (Index 05H) bit 7. 

5.1.3.6 Start Horizontal Retrace Pulse 
Register Read/Write Port = 3?5, 
Index = 04H 

BIT FUNCTION 

7-0 Start Horizontal Retrace 
Character Count 

Bit(7:0) 

Start Horizontal Retrace Character Count. 
Hex value in character count at which horizontal 
retrace output pulse becomes active. This register 
is locked if the PR Register PR3 (5) = 1 or the 
Vertical Retrace End Register bit 7 = 1. 

5.1.3.7 End Horizontal Retrace Register 
Read/Write Port = 3?5, Index = 05H 

BIT FUNCTION 

7 End Horizontal Blank bit 6 
6,5 Horizontal Retrace Delay 
4-0 End Horizontal Retrace 

This register is locked if the PR Register PR3 (5) 
= 1 or the Vertical Retrace End Register bit 7 = 1. 

Bit 7 
MSB (Sixth Bit) Of End Horizontal Blanking 
Register. 

Bit(6:5) 

Horizontal Retrace Delay. 
These bits define horizontal retrace signal delay. 
See the following table for details: 
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BIT6 BITS CHARACTER CLOCK 
DELAY 

0 0 0 
0 1 1 
1 0 2 
1 1 3 

Bit(4:0) 

End Horizontal Retrace Pulse Width "W". 
Start retrace register value is added to the charac
ter count for width "W". The least significant five 
bits are programmed in this register. When the 
Start Horizontal Retrace Register value matches 
these five bits, the horizontal retrace signal is 
turned off. 

5.1.3.8 Vertical Total Register Read/Write 
Port = 3?5,lndex = 06H 

FUNCTION 

Vertical Total Scan Lines 

Bit(7:0) 

Raster Scan Line Total Less 2. 
The least significant eight bits of a ten bit count of 
raster scan lines for a display frame. The loaded 
value includes vertical total scan lines minus 2. 
Time for vertical retrace, and vertical sync are 
also included. The ninth and tenth bits of this 
count are loaded into the Vertical Overflow 
Register (index = 07H) bit 0 and bit 5 respectively. 
In 6845 modes, total vertical display time in rows 
is programmed into bit 6 - bit 0, while bit 7 is 
reserved. Scan count reduction is not necessary. 
(The number of scan lines in a row is determined 
by the maximum Scan Line Register (index 09H 
bits 0 through 4). This register is locked if the PR 
Register PR3 (0) = 1 or the Vertical Retrace End 
Register bit 7 = 1. 
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5.1.3.9 Overflow Vertical Register 
Read/Write Port = 3?5, Index = 07H 

BIT FUNCTION 

7 Vert. Ret. Start Bit 9 
6 Vert. Display Enable End Bit 9 
5 Vert. Total Bit 9 
4 Line Compare Bit 8 
3 Start Vert. Blank Bit 8 
2 Vert. Ret. Start Bit 8 
1 Vert. Display Enable End Bit 8 
0 Vert. Total Bit 8 

++Bit 7 

Vertical Retrace Start Bit 9 (index = 10H). 

UBit S 

Vertical Display Enable End Bit 9 (index = 12H). 

++Bit 5 

Vertical Total Bit 9 (index = 06H). 

Bit 4 

Line Compare Bit 8 (index = 18H). 

++Bit 3 

Start Vertical Blank Bit 8 (index =15H). 

++Bit 2 

Vertical Retrace Start Bit 8 (index = 10H). 

**Bit 1 

Vertical Display Enable End Bit 8 (index = 12) 

++ Bit 0 

Vertical Total Bit 8 (index = 06H) 
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NOTES: 
+ This register is locked if the PR Register PR3(5) 
= 1 OR the Vertical Retrace End Register bit 7 = 
1. 

.. This register is locked if the PR Register 
PR3(1 )=0 AND the Vertical Retrace End Register 
bit 7 = 1. 

++ This register is locked if the PR Register 
PR3(O) = 1 OR the Vertical Retrace End Register 
bit 7 = 1. 

5.1.3.10 Preset Row Scan Register 
Read/Write Port = 3?5, Index = OSH 

BIT 

7 
6,5 
4-0 

Bit 7 

Reserved. 

Bit(S:5) 

FUNCTION 

Reserved 
Byte Panning Control 
Preset Row Scan Count 

Byte Panning Control. 
These bits allow up to 3 bytes to be panned in 
modes programmed as multiple shift modes. 

BITS BIT5 OPERATION 
0 0 Normal 
0 1 1 byte left shift 
1 0 2 bytes left shift 
1 1 3 bytes left shift 

Bit(4:0) 

Preset Row Scan Count. 
These bits preset the vertical row scan counter 
once after each vertical retrace. This counter is 
incremented after each horizontal retrace period, 
until the maximum row scan count is reached. 
When maximum row scan count is reached, the 
counter is cleared. This register can be used for 
smooth vertical scrolling of text. 

11/22/91 13-29 

• 



WD90C111WD90C11 A 

5.1.3.11 Maximum Scan Line Register 
Read/Write Port=3?5, Index=09H 

BIT FUNCTION 

7 200 to 400 Line Conversion 
6 Line Compare bit 9 
5 Start Vertical Blank bit 9 
4-0 Maximum Scan Line 

Bit 7 

200 To 400 Line Conversion. 
0= Normal operation. 
1 = Activate line doubling. The row scan counter 

is clocked at half the horizontal scan rate to 
allow 200 line modes display 400 scan lines 
(each line is double scanned). 

Bit 6 

Line Compare. 
This is bit 9 of the Line Compare Register 
(index = 18H). 

Bit 5 

Start Vertical Blank. 
This is bit 9 of the Start Vertical Blank Register 
(index = 15H). This register is locked if the PR 
Register PR3 (O) = 1. 

Bit(4:0) 

Maximum Scan Line. 
Maximum number of scanned lines for each row 
of characters. The value programmed is the max
imum number of scanned rows per character 
minus 1. In 6845 mode, bits 5-7 are reserved, 
and bits 4-0 are programmed with the maximum 
scan line count less 1 for non-interlace mode. In
terlaced mode is not supported. 
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5.1.3.12 Cursor Start Register 
Read/Write Port = 3?5, Index = OAH 

BIT FUNCTION 

7,6 Reserved 
5 Cursor Control 
4-0 

Bit(7:6) 

Reserved. 

Bit 5 

Cursor Start Scan Line 

Cursor Contro/. 
O=Cursor on. 
1 =Cursor off. 

Bit(4:0) 

These bits specify the row scan counter value 
within the character box where the cursor begins. 
These bits contain the value of the character row 
less 1. If this value is programmed with a value 
greater than the Cursor End Register (index = 
OBH), no cursor is generated. For 6845 modes, 
bit 7 is reserved. Bit 5 controls the cursor opera
tion and bits 4-0 contain the cursor start value. Bit 
6 is not used. 
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5.1.3.13 Cursor End Register Read/Write 
Port = 3?5h, Index = OBH 

BIT FUNCTION 

7 
6,5 
4-0 

Bit 7 

Reserved. 

Bit(6:5) 

Reserved 
Cursor Skew 
Cursor End Scan Line 

Cursor Skew Bits. 
Delays the displayed cursor to the right by the 
skew value in character clocks e.g., 1 character 
clock skew moves the cursor right by 1 position 
on the screen. Refer to the table below. 

BIT6 BIT5 SKEW 
0 0 0 
0 1 1 
1 0 2 
1 1 3 

Bit (4:0) 

Cursor End Scanline 
These bits specify the last row scan counter value 
within the character box during which the cursor is 
active. If this value is less than the cursor start 
value, no cursor is displayed. In 6845 mode, bits 
7-5 are reserved and bits 4-0 contain row value of 
the cursor end. 

NOTE: There are three types of cursors 
generated, depending upon the mode i.e, EGA, 
VGA, or 6845 (non-VGA). The above description 
refers to the VGA cursor only. 
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5.1.3.14Start Address High Register 
Read/Write Port 3?5H, Index = OCH 

FUNCTION 

Start Address Hi h B te 

Bit(7:0) 

Display Screen Start Address Upper Byte Bits. 
Eight high order bits of the 16 bit video memory 
address, used for screen refresh. The low order 
eight bit register is at index ODH. The PR 
Register PR3 bits 3 and 4 extend this video 
memory start register to 18 bits. In 6845 modes 
bits 6 & 7 are forced to 0 regardless of this 
register's contents, while the lower order 8 bits 
are at index register ODH. 

5.1.3.15 Start Address Low Register 
Read/Write Port = 3?5H, 
Index = OOH 

FUNCTION 

Start Address Low B te 

Bit(7:0) 

The lower order eight bits of the 16 bit video 
memory address in VGA or 6845 modes. 

5.1.3.16 Cursor Location High Register 
Read/Write Port = 3?5h, Index = OEh 

FUNCTION 

Bit(7:0) 

Cursor Address Upper Byte Bits. 
The eight higher order bits of 16 bit cursor loca
tion in VGA mode. For the lower order eight bits, 
see the Cursor Location Low Register at index 
OFH. In VGA mode, the PR Register PR3 bits 3 
and 4 extend the cursor location High Register to 
18 bits. For 6845 modes, bits 6 and 7 are 
reserved, while bits 5 - 0 are the high order bits of 
the cursor. 
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5.1.3.17 Cursor Location Low Register 
Read/Write Port = 3?5, Index = OFH 

FUNCTION 

Cursor Location Low B te 

Bit(7:0) 

Cursor Address Lower Byte Bits. 
The lower order eight bits of the 16-bit video 
memory address in VGA or 6845 mode. 

5.1.3.18 Vertical Retrace Start Register 
Read/Write Port = 3?5, Index=10H 

BIT FUNCTION 

7-0 Vertical Retrace Start 
(Lower eight bits) 

Bit(7:0) 

Vertical Retrace Start Pulse Lower Eight Bits. 
The lower eight bits of the ten bit vertical retrace 
start register. Bits 8 and 9 are located in the 
Overflow Register (index = 07H). In 6845 com
patible mode, this register shows the high order 
six bits in positions 5 - 0 as the light pen read 
back value, and bits 6 an 7 are reserved. The 
lower order eight bits of the light pen read back 
register are at the index 11H. In EGA compatible 
mode this register shows the high order eight bits 
as the light pen value. This register is locked if 
PR register PR3 (0) = 1. 

5.1.3.19 Vertical Retrace End Register 
Read/Write Port = 3?5, Index = 11 H 

BIT FUNCTION 

7 CRTC 0-7 Write Protect 

6 Select 3/5 DRAM Refresh 
5 Enable Vertical Interrupt 
4 Clear Vertical Interrupt 
3-0 Vertical Retrace End 
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This register is locked if the PR Register 
PR3(0)=1. 

Bit 7 
CRTC Registers Write Protect. 
o = Enables writes to CRT index registers OOH-

07H. 
1 = Write protects CRT Controller index registers 

in the range of index 00H-07H. The line com
pare bit 4 in the Overflow Register (07H) is 
not protected. 

Bit 6 
DRAM Refresh/Horizontal Scan Line. 
Selects DRAM refresh cycles per horizontal scan 
line. 
o = Generates 3 refresh cycles for each horizon

tal scan line for normal VGA operation. 
1 = Generates 5 DRAM refresh cycles per 

horizontal scan line. 

Bit 5 
Enable Vertical Retrace Interrupt. 
o = Enables vertical retrace interrupt. 
1 = Disable vertical retrace interrupt. 

Bit 4 
Clear Vertical Retrace Interrupt. 
o = Clears vertical retrace interrupt by resetting 

(writing a 0 to) and internal flip flop. 
1 = Vertical retrace interrupt. Allows an interrupt 

to be generated after the last displayed scan 
of the frame has occurred (i.e., the start of 
the bottom border). 

Bit(3:0) 

Vertical Retrace End. 
They specify scan count at which vertical sync 
becomes inactive. For retrace signal pulse width 
"W", add scan counter for "W" to the value of the 
Vertical Retrace Start Register. The 4 bit result is 
written in the Vertical Retrace End Register. In 
6845 or EGA compatible mode, this register al
lows the read back value of the lower eight bits of 
Light Pen Register. 
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5.1.3.20 Vertical Display Enable End 
Register Read/Write Port = 3?5, 
Index = 12H 

BIT FUNCTION 

7-0 Vertical Display Enable End 
(Lower eight bits) 

Bit(7:0) 

Vertical Display Enable End Lower Eight Bits. 
The eight lower bits of ten bit register that defines 
where the active display frame ends. 
The programmed count is in scan lines minus 1. 
Bits 8 and 9 are in the Overflow Register (index 
07H) at positions 1 and 6 respectively. 

5.1.3.21 Offset Register Read/Write 
Port = 3?5, Index = 13H 

FUNCTION 

ical Line Screen width 

Bit(7:0) 

Logical Line Screen Width. 
This register specifies the width of display 
memory in terms of an offset from the current row 
start address to the next character row. The of
fset value is a word address adjusted for word or 
double word display memory access. It is calcu
lated as follows: 
Next Row Scan Start Address = Current Row 
Scan Start Address + (K * value in Offset 
Register), where K=2 in byte mode and K=4 in 
word mode. 
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5.1.3.22 Underline Location Register 
Read/Write Port = 3?5, Index = 14H 

BIT 

7 

6 

5 
4-0 

Bit 7 

Reserved. 

Bit 6 

FUNCTION 

Reserved 
Doubleword Mode 
Count by4 
Underline Location 

Doubleword Mode. 
a = Display memory addressed for byte or word 

access. 
1 = Display memory addressed for double word 

access. 

Bit 5 

Count By 4 For Double word Access 
a = Memory address counter clocked for byte or 

word access. 
1 = Memory address counter is clocked at the 

character clock rate divided by 4. 

Bit(4:0) 

Underline Location. 
These bits specify the row scan counter value 
within a character matrix where under line is to be 
displayed. Load a value 1 less than the desired 
scan line number. 
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5.1.3.23 Start Vertical Blank Register 
Read/Write Port = 3?5, Index =15H 

This register is locked if the PR Register 
PR3(0)=1. 

Bit(7:O) 

Start Vertical Blank Lower Eight Bits. 
The lower eight bits of the ten bit Start Vertical 
Blank Register. Bit 8 is in the Overflow Register 
(index = 07H) and bit 9 is in the Maximum Scan 
Line Register (index = 09H). The ten bit value is 
reduced by 1 from the desired scan line count 
where the vertical blanking signal starts. 

5.1.3.24 End Vertical Blank Register 
Read/Write Port=3?5, Index=16H 

This register is locked if the PR Register 
PR3(0)=1. 

I :1: I FUNCTION 
End Vertical Blank 

Bit(7:O) 

Vertical Blank inactive Count. 
End Vertical Blank is an 8 bit value calculated as 
follows: 
8 Bit End Vertical Blank value = 
(value of Start Vertical Blank minus 1) + (value of 
Vertical Blank signal width in scan lines). 
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5.1.3.25 CRT Mode Control Register 
Read/Write Port = 3?5, Index = 17H 

This register is locked if PR Register PR3(5) = 1. 

BIT FUNCTION 

7 Hardware Reset 
6 Word or Byte Mode 

5 Address Wrap 
4 Reserved 
3 Count by 2 

2 Horizontal Retrace Select 
1 Select Row Scan Counter 
0 CGA Compatibility 

Bit 7 

Hardware Reset. 
o = Horizontal and vertical retrace outputs to be 

inactive. 
1 = Horizontal and vertical retrace outputs 

enabled. 

Bit 6 

Word Or Byte Mode. 
0= Word address mode. All memory address 

counter bits shift down by 1 bit and the MSB 
of the address counter appears on the LSB. 
See the table below. 

1 = Byte address mode. 
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MEMORY ADDRESS BYTE ADDRESS 
MODE 

MAO/RFO MAO 

MA1/RF1 1 

MA2IRF2 2 

MA3/RF3 3 

MA4/RF4 4 

MA5/RF5 5 

MA6/RF6 6 

MA7/RF7 7 

MA8/RF8 8 

MAg 9 

MAiO 10 

MA11 11 

MA12 12 

MA13 13 

MA14 14 

MA15 15 

NOTE: 
* See bit 5, defining address wrap. This table is 
only applicable when PR Register PR1 bits 7 and 
6 equal zero, or PR16 bit 1 equals one. 
The CRT Underline Location Register (index = 
14H) bit 6 also controls addressing. However, 
when CRTi4H(6) = 0, only the CRT Mode Control 
Register (index 17H) bit 6 controls addressing. 
See the table below: 

CRT14H CRT17H ADDRESS 
Bit 6 Bit 6 Mode 
0 0 Word 
0 1 Byte 
1 X Doubleword 

WD90C111WD90C11 A 

WORD ADDRESS DOUBLEWORD 
MODE ADDRESS MODE 

*MA15 OR MA13 MA12 

0 MA13 

1 0 

2 1 

3 2 

4 3 

5 4 

6 5 

7 6 

8 7 

9 8 

10 9 

11 10 

12 11 

13 12 

14 13 

Bit 5 

Address Wrap. 
o = In word address mode, this bit enables bit 13 

to appear at MAO, otherwise bit 0 appears on 
MAO. 

1 = Select MA 15 for odd/even mode when 256 
Kbyte of video memory is used on the sys
tem board. 

Bit 4 

Reserved. 

Bit 3 

Count by 2 
o = Character clock increments memory address 

counter. 
1 = Character clock divided by 2 increments the 

address counter. 
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Bit 2 

Horizontal Retrace Clock Rate Select For Vertical 
Timing Counter. 
o = Selects horizontal retrace clock rate 
1 = Selects horizontal retrace clock rate divided 

by2. 

Bit 1 

Select Row Scan Counter. 
o = Selects row scan counter bit 1 as output at 

MA14 address pin. 
1 = Selects bit. 14 of the CRTC address counter 

as output at MA14 pin. 

Bit 0 

6845 CRT Controller compatibility mode support 
for CGA operation. 
o = Row scan address bit 0 is substituted for 

memory address bit 13 at MA 13 output pin 
during active display time. 

1 = Enable memory address pin 13 to be output 
at MA13 address pin. 
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5.1.3.26 Line Compare Register 
Read/Write Port = 3?5, Index = 18H 

Bit(7:0) 

Line Compare Lower Eight Bits. 
Lower eight bits of the ten bit Scan Line Compare 
Register. Bit 8 is in the Overflow Register (index 
= 07H) and bit 9 is in the Maximum Scan Line 
Register (index = 09H). When the vertical counter 
reaches this value, the internal start of the line 
counter is cleared. 
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5.1.4 Graphics Controller Registers 

PORT INDEX NAME 
(HEX) (HEX) 
3CE - Graphics Index Register 
3CF 00 Set/Reset 
3CF 01 Enable Set/Reset 
3CF 02 Color Compare 
3CF 03 Data Rotate 
3CF 04 Read Map Select 

3CF 05 Graphics Mode 
3CF 06 Miscellaneous 
3CF 07 Color Don't Care 
3CF 08 Bit Mask 

NOTE: 
1. Reserved bits should be set to zero. 

5.1.4.1 Graphics Index Register, 
Read/Write Port = 3CE 

BIT 
7-4 
3-0 

Bit(7:4) 
Reserved. 

Bit(3:0) 

FUNCTION 

Reserved 
Graphics Address Bits 

Graphics Controller Register Index Pointer Bits. 
Note that some of the PR registers reside with the 
index pointer extension beyond the standard VGA 
Graphics Controller registers. 
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5.1.4.2 Set/Reset Register, 
Read/Write Port 3CF, Index = 00 

BIT 
7-4 

3 
2 
1 
0 

Bit(7:4) 

Reserved. 

FUNCTION 

Reserved 
Set/Reset Map 3 
Set/Reset Map 2 
Set/Reset Map 1 
Set/Reset Map 0 

Bit(3:0) 
Set/Reset Map. 
When the CPU executes display memory write 
with Write Mode 0* selected and the Enable 
Set/Reset Register (index = 01 H) activated, the 
eight bits of the bit value in this register, which 
have been operated on by the Bit Mask Register, 
are then written to the corresponding display 
memory map. It is an eight bit fill operation. The 
map designations are defined below: 
0= Reset. 
1 = Set. 

BIT SET/RESET 
3 Map3 
2 Map 2 

1 Map 1 

0 Map 0 

NOTE: 
*The selection of Write Mode 0 is determined by 
the Graphics Mode Register (index = OSH) bit 1 
and bit o. 
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5.1.4.3 Enable Set/Reset Register, 
Read/Write Port = 3CF, Index = 01 

BIT 
7-4 
3 
2 
1 
0 

Bit(7:4) 
Reserved. 

Bit(3:0) 

FUNCTION 
Reserved 
Enable Set/Reset Map 3 
Enable Set/Reset Map 2 
Enable Set/Reset Map 1 
Enable Set/Reset Map 0 

Enable Set/Reset Register (Index OOH). 

o = When Write Mode 0 is selected, these bits, 
set to 0, disable the Set/Reset Register 
(index = OOH) memory map access and the 
map is written with the rotated 8-bit data 
from the system microprocessor as defined 
by the Data Rotate Register. 

1 = When Write Mode 0 is selected, these bits 
enable memory map access defined by the 
Set/Reset Register (index = OOH), and the 
respective memory map is written with the 
Set/Reset Register value. 
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5.1.4.4 Color Compare Register, 
Read/Write PORT 3CF, 
Index = 02 

BIT 
7-4 
3 
2 
1 
0 

Bit(7:4) 
Reserved.· 

Bit(3:0) 

FUNCTION 

Reserved 
Color Compare Map 3 
Color Compare Map 2 
Color Compare Map 1 
Color Compare Map 0 

Color Compare. 
The color compare bit contains the value to which 
all 8 bits of the corresponding memory map are 
compared. This comparison also occurs across 
all four maps, and a 1 is returned for the map 
positions where the bits of all four maps equal the 
Color Compare Register. If a system read is done 
with bit 3 = 0 for the Graphics Mode Register 
(index = OSH), data is returned without com
parison. Color compare map coding is shown 
below. 

BIT COLOR COMPARE 
3 Map 3 
2 Map 2 
1 Map 1 
0 Map 0 
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5.1.4.5 Data Rotate Register, 
Read/Write Port = 3CF, Index = 03 

BIT 

7-5 

4 
3 

2 

1 

0 

Bit(7:5) 

Reserved. 

FUNCTION 

Reserved 

Function Select 1 

Function Select 0 

Rotate Count 2 Bit 2 

Rotate Count 1 Bit 1 

Rotate Count 0 Bit 0 

Bit(4:3) 

Function Select. 
Function select for any of the write mode opera
tions defined in the Graphics Mode Register 
(index = 05H) is defined as follows. 

BIT4 BIT 3 

0 0 

0 1 

1 0 

1 1 

Bit(2:0) 

Rotate Count. 

FUNCTION 
Video memory data un-
modified 

Video memory data ANDed 
with system data in the 
latches 

Video memory data ORed 
with system data in the 
latches 

Video memory data XORed 
with system data in the 
latches 

It specifies number of bit positions of rotation to 
the right. Data written by the CPU is rotated in 
write mode 0, defined by the Graphics Mode 
Register (index = 05H). 
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5.1.4.6 Read Map Select Register, 
Read/Write Port = 3CF, Index = 04 

BIT 
7-2 

1 

0 

Bit(7:2) 

Reserved. 

FUNCTION 
Reserved 

Map Select 1 

Map Select 0 

Bit(1 :0) 

Map Select. 
These bits select memory map in system read 
operations. It has no effect on color compare 
read mode. In odd/even modes, the value can be 
OOb or 01 b to select chained maps 0 & 1 or value 
10b or 11 to select the chained maps 2 & 3. Map 
read is defined as shown below. 

BIT 1 BIT 0 READ MAP 

0 0 0 

0 1 1 

1 0 2 

1 1 3 
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5.1.4.7 Graphics Mode Register, 
Read/Write Port = 3CF, Index = 05 

BIT FUNCTION 

7 Reserved 

6 256 Color Mode 

5 Shift Register 

4 CGA Odd/Even 

3 Read Type 

2 Reserved 

1 Write Mode bit 1 

0 Write Mode bit a 

Bit 7 

Reserved. 

Bit 6 

256 Color Mode. 
a = Enables bit 5 of this register to control loading 

of the shift registers. Four bit pixel is ex
panded to six bits through internal palette 
and is sent out on the lower six bits (VID5 -
VIDa) pins every dot clock. The remaining 
two video outputs (VID6, VID7) are deter
mined by bits 2 and 3 of the Color Select 
Register located at index = 14H within the At
tribute Controller. 

1 = Load video shift registers to support 256 color 
mode. 

Bit 5 

Shift Register. 
Shift register load controls the way in which 
memory data is formatted in the four video shift 
registers. MSB is shifted out in all cases. 
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o = Map a -Map 3 data is placed into shift 
registers for normal operations. 

1 = For CGA graphics mode compatibility, even 
numbered shift registers, and odd numbered 
bits from all the maps are shifted out of odd 
numbered shift registers. 

Bit 4 

Odd/Even Mode. 
0= normal 
1 = CGA compatible odd/even system access 

mode. Sequential addressing as defined by 
bit 2 of the memory mode register (index = 
04H) in the Sequencer Register. Even sys
tem addresses access maps 0 or 2 and odd 
system addresses access maps 1 or 3. 

Bit 3 

Read Mode. 
o = System reads data from memory maps 

selected by Read Map Select Register 
(index 04H). This setting will have no effect 
if bit 3 of the Sequencer Memory Mode 
Register = 1. 

1 = System reads the comparison of the memory 
maps and the Color Compare Register. 

Bit 2 
Reserved. 

Bit(1 :0) 

Write Mode. 
The table on the following page defines the four 
write modes. 
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BIT1 BIT 0 WRITE MODE 

0 0 Write Mode O. If the Set/Reset Register function is enabled for any of the maps, the 
eight bits of the bit value in the Set/Reset Register, which have been operated on 
by the Bit Mask Register, are then written to the corresponding display memory 
map. If the Set/Reset Register function is disabled, the map is written with the CPU 
data which is right rotated by the number of bits defined in the Data Rotate 
Register, with the old LSB now the new MSB. 

0 1 Write Mode 1. This mode can be used to write the same value to many memory 
locations. The 32 bits of data in the system latches are written into each of the four 
memory maps. The system read operation loads the latches. 

1 0 Write Mode 2. Memory maps (3:0) are filled with the 8-bit value of the correspond-
ing CPU data bits (3:0). The 32 bit output of the four memory maps is then 
operated on by the Bit Mask Register and the resulting data is written to the four 
memory maps. 

1 1 Write Mode 3. Eight bits of the value contained in the Set/Reset Register (index = 
OOH) is written into the corresponding map, regardless of the Enable Set/Reset 
Register (index = 01 H). The right rotated CPU data (see Write Mode 0) is ANDed 
with Bit Mask Register data to form an 8-bit mask value that performs the same 
function as the Bit Mask Register in Write Modes 0 and 2. 

II 
, 
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5.1.4.8 Miscellaneous Register, 
Read/Write Port = 3CF, Index = 06 

BIT 
7-4 

3 

2 

1 

0 

Bit(7:4) 

Reserved. 

Bit(3:2) 

FUNCTION 
Reserved 
Memory Map 1 

Memory Map 0 

Odd/Even 
Graphics Mode 

Memory Map 1, 0 
Display memory map control into the CPU ad
dress space is shown in the following table. 

BIT3 BIT2 CPU ADDRESS LENGTH 
RANGE 

0 0 AOOO:OH- 128KB 
BFFF:FH 

0 1 AOOO:OH- 64KB 
AFFF:FH 

1 0 BOOO:OH- 32KB 
B7FF:FH 

1 1 B800:0H- 32KB 
BFFF:FH 

Bit 1 

Odd/Even Mode. 
o = CPU address bit AD is the memory address 

bit MAO. 
1 = CPU address bit A) is replaced by higher 

order address bit. AD is then used to select 
odd or even maps. AD = 0 selects map 0 or 
2, while AD = 1 selects map 1 or 3. 

Bit 0 

Graphics/Alphanumeric Mode 
This bit is programmed the same way as bit 0 of 
the Attribute Mode Control Register. 
o = Alphanumeric mode selects. 
1 = Graphics mode selected. 
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5.1.4.9 Color Don't Care Register, 
Read/Write Port 3CF, Index = 07 

BIT 
7-4 

3 
2 

1 

0 

Bit(7:4) 

Reserved. 

Bit(3:0) 

FUNCTION 
Reserved 
Memory Map3 

Memory Map2 

Memory Map 1 

Memory Map 0 

Memory Map Color Compare Operation. 

o = Disable color compare operation. 
1 = Enable color compare operation. 

5.1.4.10 Bit Mask Register, 
Read/Write Port = 3CF, Index = 08 

I BIT FUNCTION 

Bit Mask 7-0 

Bit(7:0) 

Bit mask operation applies simultaneously to all 
the four maps. In Write Modes 0 and 2, this 
register provides selective changes to any bit 
stored in the system latches during processor 
writes. Data must be first latched by reading the 
addressed byte. After setting the Bit Mask 
Register, new data is written to the same byte in a 
subsequent operation. Bit mask operation is ap
plicable to any data written by the processor. 

o = Bit position value is masked or is not change
able. 

1 = Bit position value is unmasked and can be 
changed in the corresponding map. 
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5.2 ATTRIBUTE CONTROLLER 
REGISTERS 

PORT INDEX NAME 
(HEX) (HEX) 

3CO -- Index Register 

3CO ~O-OF Palette Registers 
3CO 10 Attribute Mode Control 

Register 
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Bit(4:0) 

Attribute Controller Index Register Address Bits 

NOTE: 

3CO 11 Overscan Control Register 

The Attribute Index Register has an internal flip-flop, 
rather than an input bit, which controls the selection 
of the Address and Data Registers. Reading the 
Input Status Register 1 (port = 3?A) clears the flip
flop and selects the Address Register, which is read 
thru address 3C 1 and written at address 3CO. Once 
the Address Register has been loaded with an index, 
the next write operation to 3CO will load the Data 
Register. The flip-flop toggles between the Address 
and the Data Registers after every write to address 
hex 3CO, but does not toggle for reads to address 
3C1. 

3CO 12 Color Plane Enable 
Register 

3CO 13 Horizontal PEL Panning 
Register 

3CO 14 Color Select Register 

NOTES: 

1. Each attribute data register is written at 3CO 
and register data is read from address 3C1. 

2. Reserved bits should be set to zero. 

3. ? " Value is controlled by Bit 0 of the 
Miscellaneous Output register and is 
programmed as follows: 

o = B in Monochrome Modes and 
1 = D in Color Modes 

5.2.1 Attribute Index Register, 
Read/Write Port = 3CO 

BIT 

7-6 
5 
4-0 

Bit(7:6) 

Reserved. 

Bit 5 

FUNCTION 

Reserved 
Palette Address Source 
Attribute Address Bits 

Palette Address Source. 
o = Disable internal color palette outputs and 

video outputs to allow CPU access to color 
palette registers (index 00 - OFH). 

1 = Enable internal color palette and normal 
video translation. 

5.2.2 Palette Registers (OO-OF Hex), 
Read Port 3C1/Write Port 3CO 

BIT 
7-6 
5 
4 

3 
2 

1 
0 

Bit(7:6) 

Reserved. 

Bit(5:0) 

FUNCTION 

Reserved 
VID5 
VID4 

VID3 

VID2 

VID1 

VIDO 

Palette Pixel Colors. 
They are defined as follows: 
o = Current pixel color deselected. III 
1 = Enable corresponding pixel color per the table 

below. 

Bit 5 VID5 

Bit4 VID4 

Bit3 VID3 

Bit 2 VID2 

Bit 1 VID1 

BitO VIDO 
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5.2.3 Attribute Mode Control 
Register Read Port 3C1/Write 
Port 3CO, Index = 10 

BIT FUNCTION 
7 VID5, VID4 Select 

6 PEL Width 

5 PEL Panning Com~atibility 
4 Reserved 

3 Enable Blink/Select Background In-
tensity 

WD90C 11 (A) REGISTERS 

o = A Line compare will have no effect on the 
PEL Panning Register. 

1 = Allows a successful line compare to disable 
the PEL Panning Register and also bits 5 
and 6 of the CRT Controller Register 08 until 
VSYNC occurs. Allows pixel panning of a 
selected portion of the screen. 

Bit 4 

Reserved. 

Bit 3 
2 Enable Line GrClQhics Character Code 

Background Intensity/Blink Selection. 
1 Mono-Emulation 

0 Graphics/Alphanumeric Mode 

Bit 7 

VID5, VID4 Select 
0= VID5 and VID4 palette register outputs are 

selected. 
1 = Color Select Register (index 14H) bits 1 and 

o are selected for outputs at VID5 and VID4 
pins. 

Bit 6 
Pixel Width 
o = Disable 256 color mode pixel width. The 

PCLK output is the same as the internal dot 
clock rate. 

1 = Enable pixel width for 256 color mode. The 
PCLK output is the internal dot clock divided 
by two. 

Bit 5 
PEL Panning Compatibility 
Line Compare in the CRT Controller. 

13-44 

o = Selects background intensity from the MSB of 
the attribute byte. 

1 = Selects blink attribute. 

Bit 2 

Enable Line Graphics Character Code. 
Set this bit to zero for character fonts that do not 
utilize line graphics character codes. 
o = Forces ninth dot to be the same color as 

background in line graphics character codes. 
1 = Used in MDA line graphics modes. The ninth 

dot character is forced to be identical to the 
eighth character dot. 

Bit 1 

Mono/Color Emulation. 
o = Color display attributes. 
1 = MDA attributes 

Bit 0 
Graphics/Alphanumeric Mode Enable. 
o = Alphanumeric mode. 
1 = Graphics mode. 
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S.2.4 Overscan Color Register 
Read Port 3C1/Write Port 3CO, 
Index = 11 

BIT FUNCTION 
7 VID7 

6 VID6 

5 VID5 

4 VID4 
3 VID3 

2 VID2 

1 VID1 

0 VIDO 

Bit(7:0) 
Overscan/Border Color. 
They determine the overscan or border color. For 
monochrome display, this register is set to O. Bor
der colors are set as shown above. 
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S.2.S Color Plane Enable Register 
Read Port 3C1/Write Port 3CO, 
Index = 12 

BIT 

7-6 

5 

4 
3-0 

Bit(7:6) 

Reserved. 

Bit(S:4) 

FUNCTION 

Reserved 

Video Status MUX1 

Video Status MUXO 
Enable Color Plane 

Video Status Control. 
These bits select 2 out of 8 color outputs which 
can be read by the Input Status Register 1 (port = 
03?A) bits 4 and 5. 

COLOR PLANE INPUT STATUS 
REGISTER 

BITS BIT4 BITS BIT4 
0 0 VID2 VIDO 

0 1 VID5 VID4 

1 0 VID3 VID1 

1 1 VID7 VID6 

Bit(3:0) 

Color Plane Enable. 
o = Disables respective color planes. Forces 

pixel bit to 0 before it addresses palette. 
1 = Enables the respective display memory color 

plane. 
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5.2.6 Horizontal Pel Panning 
Register Read Port 3C1/Write 
Port 3CO, Index = 13 

BIT 

7-4 
3-0 

Bit(7:4) 

Reserved. 

Bit(3:0) 

FUNCTION 

Reserved 
Horizontal PEL Panninq 

Horizontal Pixel Panning. 
It is available in text or graphics modes. These 
bits select pixel shift to the left horizontally. For 9 
dots/character modes, up to 8 pixels can. be 
shifted horizontally to the left. Likewise, for 8 
dots/character up to 7 pixels can be shifted 
horizontally to the left. For 256 color, up to 3 
position pixel shift can occur. The following table 
defines the shift in different modes. 

LEFT SHIFT PIXEL VALUE 
Register 9 Dots 8 dots 256 
Value Character Character Color 

Mode 
0 1 0 0 
1 2 1 --
2 3 2 1 
3 4 3 --
4 5 4 2 
5 6 5 --
6 7 6 3 
7 8 7 --
8 0 -- --

WD90C11(A) REGISTERS 

5.2.7 Color Select Register 
Read Port 3C1/Write Port 3CO, 
Index = 14 

BIT 

7-4 
3 
2 
1 
0 

Bit(7:4) 

Reserved. 

Bit(3:2) 

Reserved 
S Color7 
S Color6 
S Color5 
S Color4 

Color Value MSB. 

FUNCTION 

Two most two significant bits of the eight digit 
color value for the video DAC. They are normally 
used in all modes except 256 color graphics. 
Bit 3 = Set color bit VID7. 
Bit 2 = Set color bit VID6 

Bit(1 :0) 

Substituted Color Value Bits. 
These bits can be substituted for VID5 an VID4 
output by the Attribute Controller palette registers, 
to create eight bit color value. They are selected 
by the Attribute Controller Mode Control Register 
(index = 10H). 
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5.3 COMPATIBILITY REGISTERS 

NAME PORT (HEX) 
Mode Control Register 3?8 
Color Select Register 309 
Status Register 3?A 
AT&T/M24 Register 3DE 
Hercules Reaister 3BF 
Preset Light Pen Latch 3B9 (Mono) 

3DC (CGA) 

Clear Light Pen Latch 3?B 

NOTES: 

1. The Compatibility Registers are available only 
in 6845 mode (non-VGA), which is enabled 
by setting PR Register PR2(6) = 1. 

2. The AT&T/M24 Register also requires that 
M24 mode be enabled. This is done by 
setting PR Register PR2(7) = 1. 

3. "?" Value is controlled by Bit 0 of the 
Miscellaneous Output Register and is 
programmed as shown below: 

o = B in Monochrome Modes 
1 = 0 in Color Modes 

WD90C11IWD90C11A 

Bit 7 

Reserved in MDA mode. If Bit 1 =1 and Port 
3BFH bit 0 = 1, then this bit in Hercules Graphics 
mode selects the Display Memory Page. 
o = Display memory page address starts at 

BOOO:OH. 
1 = Display memory page address starts at 

BBOO:OH. 

Bit 6 

Reserved. 

Bit 5 

Enable Blink. 
o = Disable Blinking 
1 = Enable Blinking 

Bit 4 

Reserved. 

Bit 3 

Video enable. 
o = Video Disable 
1 = Video activated 

Bit 2 

5.3.1 Hercules/MDA Mode Control Reserved. 

BIT 
7 

6 
5 
4 
3 
2 
1 
0 

Register, MDA Operation Write Only 
Port = 3B8H Bit 1 

FUNCTION 
Reserved/Display Memory Page 
Select 
Reserved 
Enable Blink 
Reserved 
Video Enable 
Reserved 
Reserved/ Port 3BFH Enable 
High Resolution Mode 

Port 3BFH enable. 
o = Prevents setting of Port 3BF bit 1 :0, thereby 

forcing the alpha mode operation. 
1 = Allows the Port 3BFh bit 1 :0 to switch for the 

alpha or graphics mode selection. 

Bit 0 

High Resolution Mode. Should be 1. 
o = High resolution disabled. 
1 = High resolution is enabled. 
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5.3.2 Hercules Registers 

The Hercules Mode Register is a 2-bit write only 
register located at I/O port address 3BF. It affects 
the device operation only in the 6845 mode. The 
enable mode register located at the address 3B8 
overrides the write port 3BF functions defined by 
its bits 0 and 1. The associated details are shown 
below. 

5.3.3 Enable Mode Register 3B8 

BIT FUNCTION 
7 Display Memory Page Address 

Graphics Mode 
6 Reserved 

5 Enable Blink 

4 Reserved 

3 Video Enable 

2 Reserved 
1 Port 3BF Bit 0 Override 

0 High Resolution Mode = 1 

Bit 7 
Display Memory Page Address In Graphics Mode. 
o = Display memory page address starts at 

BOOO:OH. 
1 = Display memory page address starts at 

B800:0H. 

Bit (6:2,0) 

Not Applicable. 

Bit 1 

Port 3BF Bit 0 Override. 
o = Prevents setting of Port 3BF bit 0, thereby 

forcing the alpha mode operation. 
1 = Allows the Port 3BF bit 0 to switch for the 

alpha or graphics mode selection. 
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5.3.4 Hercules Compatibility Register 
Write Only Port = 3BFH 

BIT 
7-2 

1 

0 

Bits (7:2) 
Reserved. 

Bit 1 

FUNCTION 
Reserved 

Upper Memory Page Address 

Enable Graphics 

Upper Memory Page Address. 
Enable Mode Control Register (3B8) bit 7 selects 
the displayed memory page address in the 
graphics mode. When it is reset, bit 1 prevents 
access to the second memory page, located at 
B800:0H for the 32 Kbyte memory space. 
o = Upper memory page is mapped out. 
1 = Upper memory page is accessible. 

Bit 0 

Enable Graphics. 
Allows the Enable Mode Register (3B8) bit 1 to 
override. 
o = Alpha mode display. 
1 = Graphics modes may be displayed. 

5.3.5 Color CGA Operation Register, 
Write Only Port = 308 

BIT 
7,6 
5 

4 

3 

2 
1 

0 

Bit (7:6) 

Reserved. 

FUNCTION 
Reserved 

Enable Blink 
B/W Graphics Mode 

Enable Video 
B/W/Color Mode Select 
Graphics/Alpha Mode Select 

Alpha Mode 
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Bit 5 

Enable Blink Function. 
o = Disables blinking function. 
1 = For normal operation, set this bit to allow 

blinking. 

Bit 4 

BIW Graphics Mode Enable. 
o = Deselect 640 by 200 BIW graphics mode. 
1 = Enable 640 by 200 BIW graphics mode. 

Bit 3 

Activate Video Signal. 
o = Deactivates video signal. This is done during 

mode changes. 
1 = B/W mode enabled. 

Bit 2 

BIW or Color Display Mode. 
o = Color Mode Selected. 
1 = B/W Mode Selected. 

Bit 1 

Text or Graphics Mode Selection. 
o = Alpha mode eriabled. 
1 = Graphics mode (320 by 200) activated. 

Bit 0 
(40 by 25) or (80 by 25) Text Mode Selection. 
o = 40 by 25 alpha mode enabled. 
1 = 80 by 25 alpha mode activated. 

WD90C111WD90C11 A 

5.3.6 CGA Color Select Register 
Write Only Port = 309 

BIT 
7,6 

5 
4 
3 

2 
1 

0 

Bit (7:6) 

Reserved. 

Bit 5 

FUNCTION 
Reserved 

Graphics Mode Color Set 
Alternate Color Set 

Border Intensity 

Red Border 
Green Border 

Blue Border 

320 by 200 Color Set Select for the CGA 2 bits 
per pixel. 
o = Background, green, red, brown colors. 
1 = Background, cyan, magenta, white colors. 

Bit 4 

Alternate Color Set Enable. 
o = Background color in alpha mode. 
1 = Enable alternate color set in graphics mode. 

Bit 3 

Border Intensity. 
Border color select in text modes, and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 
Alphanumeric mode. 
1 = Selects intensified border color. 
320 by 200 Graphics Mode. 
1 = Selects intensified background and border 

color (CO - C1). 
640 by 200 Graphics Mode. III 
1 = Selects red foreground color. 
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Bit 2 

Red Border/Background 
Border color select in text modes, and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 
Alphanumeric Mode. 
1 = Selects red border color. 
320 by 200 Graphics Mode. 
1 = Selects red background and border color 

(CO - C1). 
640 by 200 Graphics Mode. 
1 = Selects red foreground color. 

Bit 1 

Green Border/Background. 
Border color select in text modes, and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 
Alphanumeric Mode. 
1 = Selects green border color. 
320 by 200 Graphics Mode. 
1 = Selects green background and border color 

(CO-C1). 
640 by 200 Graphics Mode. 
1 = Selects green foreground color. 

Bit 0 

Blue Border/Background. 
border color select in text modes, and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 
Alphanumeric Mode. 
1 = Selects blue border color. 
320 by 200 Graphics Mode. 
1 = Select blue background and border color (CO -

C1). 
640 by 200 Graphics Mode. 
1 = Selects blue foreground color. 

WD90C11(A) REGISTERS 

5.3.7 CRT Status Register MDA 
Operation, Read Only Port = 3BA 

BIT FUNCTION 
7 VSYNC Inactive 
6-4 Reserved 

3 B/W Video Enabled 
2 - 1 Reserved 

0 Display Enable Inactive 

Bit 7 

Vertical Retrace. 
o = Indicates the raster is in vertical retrac e 

mode. 
1 = Indicates vertical retrace is inactive (inverted 

VSYNC if I/O is mapped into 3BX). 

Bit (6:4) 

Reserved. 

Bit 3 

BIW Video Status. 
o = B/W Video disabled. 
1 = B/W Video enabled. 

Bit 2 - Bit 1 

Reserved. 

Bit 0 

Display Enable. 
o = Display Enable is active. 
1 = Indicates the screen border or blanking is ac

tive; Display Enable is inactive. 
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5.3.8 CRT Status Register CGA 
Operation, Read Only Port = 3DA 

BIT 
7-4 

3 

2 

1 
0 

Bit (7:4) 

Reserved. 

Bit 3 

FUNCTION 

Reserved 
VSYNC Active 

Light Pen Switch Status 

Light Pen Latch Set 

Display Enable Inactive 

Vertical Retrace. 
0= Indicates vertical retrace is inactive. 
1 = Indicates the raster is in vertical retrace mode. 

Bit 2 

Light Pen Switch Status. 
o = Light pen switch closed. 
1 = Light pen switch open 

Bit 1 

Light Pen Latch. 
o = Light pen latch cleared. 
1 = Light pen latch set. 

Bit 0 

Display Enable. 
o = Display Enable is active. 
1 = Indicates the screen border or blanking ac

tive; Display Enable is inactive. 
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5.3.9 AT& TfM24 Register, Write Only 
Port = 3DE 

This is a write only, 8-bit register located at ad
dress 3DE. It is used to control the 640 by 400 
AT&T graphics mode. All bits are set to zero by 
reset. This register is enabled by setting bit 7 in 
PR Register 2 (PR2). 

BIT 

7 
6 
5,4 
3 
2 
1 

0 

Bit 7 

Reserved. 

Bit 6 

FUNCTION 

Reserved 
White/Blue Underline 

Reserved 
Memory Map Display 

Character Set Select 
Reserved 

AT&T Mode Enable 

White/Blue Underline. 
Defines underline attribute according to the MDA 
display requirements. 
o = Underline attribute selects blue foreground in

color text modes. 
1 = Underline attribute selects white underlined 

foreground. 

Bit (5:4) 

Reserved. 

Bit 3 

Page Select. 
Selects between one or two 16 Kbyte RAM page 
for display in 200 line graphics mode. 
0= Display memory address starts at B800:0H 

(16 Kbyte length). 
1 = Display memory address starts at BCOO:OH 

(16 Kbyte length). 
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Bit 2 
Character Set Select. 
Selects between two character font planes. 
o = Standard character font from plane 2. 
1 = Alternate character font from plane 3. 

Bit 1 
Reserved. 
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Bit 0 
M24 or Non-IBM Graphics Mode. 400 line mode. 
A 400 line monitor is required for this mode. 
o = 200 line graphics mode active, using paired 

lines. 
1 = AT&T mode enabled for 400 line graphics. 
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5.4 PR REGISTERS 

The WD90C 11 (A) has additional features that en
hance the performance and functions of the 
Western Digital Imaging PVGA1A, introduced ear
lier, and the basic VGA subsystem. To accomplish 
this, the WD90C11/A architecture is optimized 
with additional 1/0 registers. The registers are at 
the 110 locations unused by IBM. All registers are 
read/write, except where noted. 

NOTES: 

1. The designation 3?5 means that the register is 
mapped into either 3B5 in monochrome 
mode or 305 in color modes. 

2. PR register notation - XXX.YY where XXX is 
the data port address and YY is the register 
index e.g. 3CF.OF implies OF--3CEH (Select 
Index register) followed by (Data byte)-3CF 
(Data Port). 

Registers PRO through PR4 and PR11 through 
PR17 are normally locked. They are write 
protected at power-up by the hardware reset. In 
order to load those registers, the appropriate un
lock register PR5 or PR10 must be loaded first 
with binary XXXXX1 01; a register remains unlock
ed until any other value is written to the unlocked 
register. Registers PRO through PR5 are 
readable only if PR4 bit 1 = O. Registers PR10 
through PR17 are read protected at power up by 
hardware reset. In order to read registers PR10 
through PR17 load PR10 with 1XXXOXXX. The 
register remains readable until any other value is 
written to PR10. When registers PR10 through 
PR17 are read protected, reading them would 
show data to be FFH. Setting PR4 bit 1 to 1 does 
not read protect registers PR10 through PR17. All 
PR registers are set to 0 at power on reset except 
where noted. 
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5.4.1 Address Offset Registers 
PROA & PROB 

PROA - Address Offset Register A 
Read/Write Port = 3CF, Index = 09 

BIT FUNCTION 

7 Reserved 
6-0 Primary Address Offset Bits 

PROB - Address Offset Register B 
Read/Write Port = 3CF, Index = OA 

BIT FUNCTION 

7 Reserved 
6-0 Alternate Address Offset Bits 

The WD90C11 can control up to 512 Kbytes of 
display memory. However, DOS only assigns 128 
Kbytes total memory space for display memory, 
which starts at AOOOOH and ends at BFFFFH. To 
help VGA to reach the memory beyond this range, 
the WD90C11 has two CPU address offset 
registers PROA and PROB which can be used to 
support more than 128 Kbytes of linear display 
memory address space. 

The contents of PROA (bit 6:0) or PROB (bit 6:0) 
are always added to the CPU address A(18:12) 
before they are translated to display memory ad
dress. This can be thought of as segment register 
OS and ES in the 8088/80X86 architecture, PROA 
and PROB will then provide 4 Kbyte segmentation 
of the display memory. (Increment PROA or PROB 
by one of its equivalents to jump from a 4 Kbyte 
segment to another 4 Kbyte segment of the dis
play memory.) 

PROA and PROB are all set to zero value at power 
on reset. There are two ways to control whether III 
PROA or PROB get added into CPU address. 
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• Sequencer Extension Register 3CS 
(Index 11) bit 7 = O. 

PROA is the primary offset register being added 
with the CPU address. PR1, bit 3 enables PROB 
which becomes the secondary offset register. If 
PR1, bit 3 = 1 and Graphics Controller index 6, 
bits 3:2 = OOb, AOOO:O for 128K, then PROA will 
offset the CPU address from BOOO:OH to 
BFFF:FH while PROB offsets the CPU address 
from AOOO:OH to AFFF:FH. If PR1, bit 3 = 1 and 
Graphics Controller index 6, bits 3:2 = 
01 (AOOO:OH for 64K), then PROA will offset the 
CPU address from A800:0H to AFFF:FH while 
PROB offsets the CPU address from AOOO:OH -
A7FF:FH. 

• Sequencer Extension Register 3CS 
(Index 11) bit 7 = 1. 

Both PROA and PROB are enabled. A CPU 
memory write will select PROB as the offset 
register. Otherwise, PROA is selected as the of
fset register. 

WD90C11 (A) REGISTERS 

S.4.2 PR1 " Memory Size, Read/Write 
Port = 3CF, Index = OB 

BIT FUNCTION 
7,6 Memory Size Select 
5,4 Reserved 
3 Enable Alternate Address Offset 

Register PROB 
2 16-Bit Video Memory 
1 ROM Data Width 
0 BIOS ROM Map Out 

This register is 8 bits wide. Bits PR1 (1 :0) are 
latched internally at power on reset from the cor
responding memory data bus pins MD(10), MD(O) 
using either pull-up or pull-down external resis
tors. Pull-up resistors on MD(10), MD(O) cause 
PR1 (1 :0) bits to be latched low. 

Bits 7,6 

Memory Size. 

These two bits control memory size and memory 
organization. They both must be set to reflect the 
amount of memory installed. These bits in con
junction with PROA, PROB, PR16 (1) select the 
way memory is mapped into the CPU address 
space. IF PR16 (1) is set to 1, the memory map
ping will be set identical to the IBM VGA regard
less of PR1 (7), PR1 (6). 

The WD90C11 (A) supports 512 Kbytes (four 256K 
by 4 DRAM) display memory. This makes it pos
sible to support some extended graphics modes 
such as 640 by 480 by 256 colors and 800 by 600 
by 256 colors. 

The setting of these two bits will be overwritten by 
PR16 (1). When PR16(1) is set to 1, memory 
mapping will be identical to the IBM VGA 
(equivalent to PR1 (7,6) = 00). 

The following tables list the different settings on 
these two bits for different memory organizations. 
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GRAPHICS MODE RAM ADDRESSING: 

PR1 (7) PR1 (6) 
o 0 256K TOTAL;64KJPLANE; IBM VGA MEMORY ORGANIZATION 

VIDEO RAM 
AD DR BIT 
MA{1?) 

MA(16) 

---
---
MA(4) 

MA(3) 

MA(2) 

PR1(7) 
o 

PR1(6) 
1 

VIDEO RAM 
AD DR BIT 
MA(1?) 

MA(16) 
---
---
MA(4) 
MA(3) 

MA(2) 

PR1(7) 
1 

PR1(7) 
1 

PR1(6) 
1 

PR1(6) 
o 

VIDEO RAM 
AD DR BIT 
MA(1?) 

MA(16) 

MA (15) 
---
MA(4) 

MA(3) 

MA(2) 

MAO 

BYTE WORD DBLWORD 
CPU CRT CPU CRT CPU CRT 
A(15) CA{i5) A(15) CA(14) A(15) CA(13) 

A{i4) CA(14) A{i4) CA{i3) A(14) CA(12) 

--- --- --- --- --- ---

--- --- --- --- --- ---

A(2) CA(2) A(2) CA(1) A(2) CA{O) 

A(1) CA{i) A(1) CA{O) A(15) CA(13) 

A(O) CArOl A(16) CA(15) A(i4) CA(12) 
or or 
XRN(5) CA(13) 

256K TOTAL;64KJPLANE; WD90C11(A) MEMORY ORGANIZATION 

BYTE WORD DBLWORD 
CPU CRT CPU CRT CPU CRT 
A(15) CA(15) A(15) CA(14) A(15) CA(i3) 

A(14) CA(14) A(14) CA(13) A(14) CA(12) 

--- --- --- --- --- ---
--- --- --- --- --- ---
A(2) CA(2) A(2) CA(1) A(2) CA(O) 

A(1) CA(1) A(1 ) CA(O) A(1?) CA(15) 

A(O) CA(O) A(16) CA(15) A(16) CA(14) 

RESERVED 

512K TOTAL IN FOUR PLANES; 128KJPLANE; WD90C11 (A) MEMORY 
ORGANIZATION (EACH PLANE HAS TWO BANKS OF 64 KBYTES) 

BYTE WORD DBLWORD 
CPU CRT CPU CRT CPU CRT 
A(15) CA(15) A(15) CA(14) A(15) CA(13) 

A(14) CA(14) A(14) CA(13) A(14) CA(12) 

A(13) CA(13) A(13) CA(12) A(13) CA{11 ) 

--- --- --- --- --- ---
A(2) CA(2) A(2) CA(1) A(2) CA(O) 

A(1) CA(i ) A(1 ) CA(O) A(1?) CA(15) 

A{O) CA{O) A(16) CA(i5) A(i6) CA(14) 

A(16) CA{i6) A(i?) CA(16) A(18) CA(16) 
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NOTES: 

1. A(19:0) are WD90C11 (A) internally modified 
system Addresses. 

2. CA(17:0) are CRT Controller Character 
Address Counter Bits. 

3. XRN(5) is Miscellaneous Output Register 
3C2H, inverted bit 5. This bit selects the 
displayed page in chained modes. XRN(5) 
is selected as MA(2) if Graphics Register 6 
bit 3 or bit 2 = 1. 

4. CA(13) is selected as MA(2) if CRTC Mode 
Register 17 bit 5 = O. 

5. For two 256K by 4 DRAMs, MA(1) and MA(O) 
are used as' memory plane select for 256 
Kbytes. For four 256K by 4 DRAMs, MA(1) 
is the plane select, MA(O) selects one of two 
64 Kbytes within a 128 Kbyte plane. 

Bits 5,4 

Reserved 

Bit 3 

Enable Alternate Address Offset Register PROB 

Bit 2 

Enable 16 bit bus for Video Memory 
When set to 1, MEMCS 16 will be active low for all 
of the video memory cycles. 

Bit 1 

When set to 1 and bit 0=0, the BIOS ROM has a 
16 bit data path from COOO:O - DFFF:FH (ROM16 
will respond to ROM access). Otherwise, the 
BIOS ROM has an 8 bit data path. 

A pull down resistor on MD(10) will set this bit to 1 
after power-on reset. This bit can also be set to 1 
by an 110 write to PR1 register if the CNF(1) = 1 (2 
ROMs). 

Bit 0 

If set to 1 the BIOS ROM is mapped out. Pull-up 
resistor latches 0 after power up. A pull-up on 
MD(O) sets this bit to 0 at power on reset. 
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5.4.3 PR2-Video Select Register, 
Read/Write Port = 3CF, Index = OC 

BIT FUNCTION 
7 AT& T/M24 Mode Enable 
6 6845 Compatibility 

5 Character Map Select 
4,3 Character Clock Period Control 

2 Underline/Character Ma~ 
1 Third Clock Select Line VCLK2 
0 Force VCLK (overrides SEQ1 bit 3) 

Bit 7 

Enable AT&T/M24 Register & mode 

Bit 6 

0= VGA or EGA mode 
1 = Non-VGA (6845) mode 

Bit 5 

Character Map Select. The following functions are 
overridden by setting PR15(2). This bit in conjunc
tion with PR2(2) and bit 3 of the attribute code, 
enables character maps from planes 2 or 3 to be 
selected per the table below: 

PR2(5) PR2(2) ATT(4) PLANE 
SELECT 

0 0 X 2 
0 1 X 2 
1 0 X 3 
1 1 0 2 
1 1 1 3 

NOTE: 
Setting PR15(2) = 1 i.e. selecting page mode ad
dressing overrides plane selected table shown 
above. 
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Bit(4:3) 

Character clock period control 

0 0 IBM VGA character clock 
(8 or 9 dots) 

0 1 7 dots (used for 132 character text 
mode only) 

1 0 6 dots (for text modes only) 
1 1 6 dots (for text modes only) 

NOTE: 
The character clock period control functions have 
no effect in graphics modes. 

Bit 2 

Underline and character map select. Setting this 
bit to 1 enables underline for all odd values of 
attribute codes, e.g. Programming 1 gives blue 
underline. It overrides the background color func
tion of the attribute code bit 3, which is forced to 
O. Therefore, only eight choices of background 
colors are selectable. This function allows trading 
background colors for more character maps. In 
conjunction with PR2(5), this bit is also decoded 
to enable character maps from planes 2 or 3. See 
PR2(5) for details. 

Bit 1 

This bit is the third clock select line VCLK2 which 
is sent to the external clock chip if CNF(3) is set to 
1. When CNF(3) is set to 0, it locks the internal 
video clock select multiplexer. 

Bit 0 

Forces horizontal sync timing clock of the CRTC 
to VCLK. 
Uses VCLK when sequencer register 1 bit 3 is set 
for VCLKl2. This is for compatibility modes that 
require locking the CRTC timing parameters. 
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5.4.4 PR3 - CRT Lock Control 
Register Read/Write Port=3CF, 
Index = 00 

BIT FUNCTION 
7 Lock VSYNC Polarity 
6 Lock HSYNC Polarity 
5 Lock Horizontal Timing 
4 Bit 9 Control 
3 Bit 8 Control 
2 CRT Control 
1 Lock Prevention 
0 Lock Vertical Timinq 

5.4.5 W090C11 CRT Controller 
Register Locking 

Register locking is controlled by 4 bits. They are 
PR3 (5,1,0) and 3?5.11 (7) (Le. IBM Vertical 
Retrace End Register bit 7 controlled by index 
register 11). 11 When bit 7 is 1, CRT controller 
registers (RO-7) are write protected per VGA 
definition. For more information on the five 
groups, and their locking schemes, refer to the 
sections below. 

• Group 0 
These registers are locked if PR3(5)=1 OR 
3?5.11 (7)=1 
CRT controller register 00 --Horizontal Total Char
acters per scan 
CRT controller register 01 --Horizontal Display 
Enable End 
CRT controller register 02 --Start Horizontal 
Blanking 
CRT controller register 03 --End Horizontal Blank
ing 
CRT controller register 04 --Start Horizontal 
Retrace 
CRT controller register 05 --End Horizontal 
Retrace 

• Group 1 
These registers are locked if PR3(1 )=0 AND 
3?5.11 (7)=1 
CRT controller register 07(Bit6) - Vert. Display 
Enable End bit 9 
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CRT controller register 07(Bit1) - Vert. Display 
Enable End bit 8 

• Group 2 
These registers are locked if PR3(0)=1 OR 
375.11 (7)=1 
CRT controller register 06 --- Vertical Total 
CRT controller register 07(Bit7) ---Vertical Retrace 
Start bit 9 
CRT controller register 07(Bit5) ---Vertical Total bit 
9 
CRT controller register 07(Bit3) ---Start Vertical 
Blank bit8 
CRT controller register 07(Bit2) ---Vertical Retrace 
Start bit 8 
CRT controller register 07(BitO) ---Vertical Total bit 
8 

• Group 3 
These registers are locked if PR3(O)=1 
CRT controller register 09(Bit5)---Start Vertical 
Blank bit 9 
CRT controller register 1 0 ~--Vertical Retrace Start 
CRT controller register 11 [Bits(3:0)] ---Vertical 
Retrace End 
CRT controller register 15 ---Start Vertical Blank
ing 
CRT controller register 16 ---End Vertical Blanking 

• Group 4 
This register is locked if PR3(5)=1 
CRTC mode control register 17(Bit2) --cSelects 
divide by two vertical timing 

WD90C11 (A) REGISTERS 

Bit7 

Lock VSYNC polarity, as programmed in 3C2 bit 7 

Bit 6 
Lock HSYNC polarity, as programmed in 3C2 bit 6 

Bit 5 

Lock horizontal timing. 
Locks CRTC registers of Group 0 and 4. 
Prevents attempt by applications software to un
lock Group 0 registers by setting 375.11 bit 7=0 

Bit 4 
Bit 9 of CRT Controller Start Memory Address 
High Register 375.0C, and bit 9 of Cursor Loca
tion High 375.0E. This bit corresponds to Charac
ter Address CA (17). 

Bit 3 
Bit 8 of CRT Controller Start Memory Address 
High Register 375.0C, and bit 8 of Cursor Loca
tion High 375.0E. This bit corresponds to Charac
ter Address CA (16). 

Bit 2 

Cursor start, stop, preset row scan, and maximum 
scan line address registers values multiplied by 
two. 

Bit 1 

1 = Prevents attempt by applications software to 
lock registers of Group 1 by its setting 375.11 bit 
7=1. 

Bit 0 

Lock vertical timing. 1 = Locks CRTC registers of 
Groups 2 and 3. Overrides attempt by applica
tions software to unlock Group 2 registers by its 
setting 375.11 bit 7=0. 
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5.4.6 PR4- Video Control Register 
Read/Write Port=3CF, Index = OE 

The video monitor output control register (PR4) 
can be programmed to tri-state the CRT display 
control outputs as well as video data for the RAM
DAC, and memory control outputs. 

BIT FUNCTION 
7 BLNK / Display Enable 
6 PCLK=VCLK 
5 Tri-state Video Ou~uts 
4 Tri-state Memory Control Outputs 
3 Override CGA Enable Video bit 
2 Lock Internal Palette and Overscan 

Registers 
1 EGA Com~atibility 
0 Ext 256 color Shift ReQister control 

Bit 7 
This bit controls the output signal BLNK. Normally 
in the VGA mode, BLNK is used by the external 
video DAC to generate blanking. If this bit = 1, 
the BLNK output supplies a display enable signal. 
A choice of two types of display enable timings 
can be selected, and is determined by PR15(1). 

Bit 6 
Select PCLK equal to VCLK. 
O=PCLK is the inverted internal video dot clock, or 
half the dot clock frequency, depending upon the 
video mode. 
1 =PCLK is always the non-inverted VCLK input 
clock. 
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Bit 5 
Tri-state the outputs VID(7:0), HSYNC, VSYNC, 
and BLNK. 

Bit 4 
Tri-state the memory control outputs. The 
memory address bus MA(8:0), and all DRAM con
trol signals are tri-stated when this bit is set to 1. 

Bit 3 

Overrides the CGA "enable video" bit 3 of mode 
register 3D8, only in 80 by 25 alpha eGA (Non
VGA) mode. Override effectively forces this bit to 
1. Power-on-reset causes no override. 

Bit 2 
Lock Internal palette and overscan registers. 

Bit 1 
EGA compatibility bit where 1 = EGA Compatible 
Mode. It disables reads to all registers which are 
write-only registers in the IBM EGA. Also, 
registers at 3CO/3C1 change to write-only mode if 
the EGA compatibility bit is set. In VGA mode 
(PR(4) bit 1 is zero) 3CO register is read/write 
while 3C1 register is read only, per the Attribute 
Controller registers definitions. 

Bit 0 
Extended Shift Register Control. 
This register should only be used with 4 DRAMs 
to configure the video shift register for extended 
256 color modes. 
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5.4.7 PR5 - General Purpose Status Bits 
Read/Write Port=3CF, Index = OF 

BIT FUNCTION 
7 Read CNF(7) Status 
6 Read CNF(6) Status 

5 Read CNF{5J Status 
4 Read CNF(4t Status 
3 Read CNF18J_ Status 
2 PRO-PR4 Unlock 
1 PRO-PR4 Unlock 

0 PRO-PR4 Unlock 

Bits (2:0) are ~EADIWRITE bits and cleared to 0 
by reset. They provide lock or unlock capability 
for PR registers PRO through PR4 like the 
PVGA 1 A. The PRO - PR4 registers are unlocked 
when "X5Hex" is written to PR5. They remain 
unlocked until any other value is written to PR5. 
This register also provides readable status for the 
configuration register bits 4 through 8. Setting 
PR(4) bit 1 to 1, read protects registers PRO -
PR5. 

BIT FUNCTION 
7 CNF(7} rREAD ONLY] 
6 CNF(6} rREAD ONLY] 

5 CNF(5} rREAD ONLY] 
4 CNF(4} [READ ONLy] 

3 CNF(8} [READ ONLY] 

Bits (2:0) 

READIWRITE bits and cleared to 0 by reset. They 
control writing to PR registers PRO-PR4 as fol
lows: 

210 PRO-PR4 
o X X Write protected 
X 1 X Write protected 
X X 0 Write protected 
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5.4.8 PR10 Unlock PR11-PR17 
Read/Write Port = 3?5, Index = 29 

This register is READIWRITE and cleared to 0 by 
reset. PR10 can be loaded if it contains 
XXXXX101, and can only be read if it has 
1 XXXOXXX. Bits (7,3), Bits{6:4), and Bits (2:0) 
control access to PR registers PR10 through 
PR17. Bits 7 and 3 enable register read operation 
for PR10 through PR17. Bits (6:4) may be used 
as scratch pad. Bits (2:0) enable register write 
operation for PR11 through PR17. 

BIT FUNCTION 

7 PR1O-PR17 - Read Enable Bit 1 
6-4 PR10(6:4} - Scratch Pad 

3 PR10-PR17 - Read Enable Bit 0 
2-0 PR11-PR17 - Write Enable 

BI17 BIT3 PR10-PR17 
0 X Read protected, read back 

data FFH 
X 1 Read protected, read back 

data FFH 
1 0 Read Enabled 

BIT2 BIT1 BITO PR11-PR17 

0 X X Write protected 

X 1 X Write protected 

X X 0 Write protected 
1 0 1 Write Enabled 

BIT6 BITS BIT4 PR10(6:4) 

0 X X Scratch pad 

X 1 X Scratch pad 

X X 0 Scratch pad 

1 0 1 Reserved for 
manufacturing test 
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5.4.9 PR11 EGA Switches Read/Write 
Port = 3?5, Index = 2a 

The EGA switch configuration details are stored in 

WD90C111WD90C11A 

PR11 Bits 3 through 0 are READIWRITE and 
cleared to 0 at power on reset. 

the PR11 register bits. Bit 3 

BIT FUNCTION 
7 EGASW4 

6 EGASW3 
5 EGASW2 
4 EGASW1 
3 EGA Emulation on AnalOQ Display 
2 Lock Clock Select 
1 Lock Graphics and Sequencer 

Screen Control 
0 Lock 8/9 Character Clock 

Bits (7:4) 

EGA CONFIGURATION SWITCHES SW4-SW1. 
These bits are READIWRITE and latched inter
nally at power-an-reset from corresponding 
memory data bus pins MD(15:12), provided with 
either pull-up or pull-down external resistors. 
PULLING UP MD(15:12) causes PR11 (7:4) to be 
latched HIGH. These bits can be read as bit 4 of 
port 3C2 if the EGA COMPATIBILITY BIT [PR4(1)] 
has been set to 1. Selection of the bit to be read 
is determined by bits 3 & 2 of the Miscellaneous 
Output Register 3C2, as follows. 

WRITE READ 
3C2 bit3 3C2 bit 2 3C2 bit 4 

0 0 PR11 (7) [=EGA SW41 

0 1 PR11(6) [=EGASW3j 
1 0 PR11 (5) [=EGA SW2] 

1 1 PR11(4) [=EGASW1] 

Select EGA Emulation on a PS/2 (VGA-com
patible, analog) display. 

Bit 2 

Lock Clock Select. This bit locks the internal video 
clock select multiplexer and disables loading of an 
external clock chip through VCLK1. 

Bit 1 

Lock Graphics Controller/Sequencer screen con
trol. Setting PR11 (1) to 1 prevents modification of 
the following bits in the Graphics controller as well 
as the Sequencer: 

Graphics controller 
Sequencer 
Sequencer 

3CF.05 bits (6:5) 
3C5.01 bits (5:2) 
3C5.03 bits (5:0) 

Although the internal functions selected by these 
graphics controller and sequencer bits are locked 
by setting PR11 bit 1 to 1, they appear unlocked 
to the system processor during read operation. 

Bit 0 

Lock 8/9 dots. Setting this bit to 1 prevents 
modification of clocking mode sequencer register 
3C5.01 bit O. Although 8 or 9 character timing is 
locked by setting PR11 bit 0 to 1, the 3C5.01 bit 0 
appears unlocked to the system processor during 
reads. 
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5.4.10 PR12 Scratch Pad Read/Write 
Port = 3?5, Index = 2b 

FUNCTION 

Scratch Pad Bits 7:0 

The data in this register is unaffected by hardware 
reset and undefined at power up. 

5.4.11 PR13 Interlace H/2 Start 
Read/Write Port = 3?5, Index = 2C 

FUNCTION 

Interlaced H/2 Start 

The data in this register is unaffected by hardware 
reset and undefined at power up. This register 
defines the starting horizontal character count at 
which vertical timing is clocked on alternate fields 
in interlaced operation. Interlaced operation is 
enabled by setting PR14(5) to 1. All other stand
ard non-interlaced modes are unaffected by the 
contents of this register. This register must be 
programmed with a value derived from the values 
chosen to be programmed into the Horizontal 
Retrace Start Register (3?5.04) and Horizontal 
Total Register (3?5.00): 

PR13(7:0) = [HORIZONTAL RETRACE START] -
[(HORIZONTAL TOTAL + 5)/2] + HRD 

NOTE: 
In the above expression, HRD = Horizontal 
Retrace Delay, determined by bits 6 and 5 of the 
Horizontal Retrace End Register (3?5.05). 
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5.4.12 PR14 Interlace H/2 End Read/Write 
Port = 3?5, Index = 2d 

Bits 4 through 0 are unaffected by hardware reset 
and undefined at power up. Bits 7 through 5 are 
cleared to 0 by reset. 

BIT FUNCTION 

7 Enable IRQ 
6 Vertical Double Scan for EGA 

on PS/2 Displav 
5 Enable Interlaced Mode 
4-0 Interlaced H/2 Start 

Bit 7 

Enable IRQ. This bit may be set to enable CRT 
interrupts to be generated when configured for AT 
BUS operation, allowing EGA compatibility sup
port for interrupt-driven EGA applications. For 
VGA operation with an AT BUS, interrupts are not 
used, and this bit should be set to O. This bit 
should not be set to 1 in MICRO CHANNEL 
operation. 

Bit 6 

Vertical double scan. This bit should be set to 1 
when emulating EGA on PS/2 display. Setting 
this bit to 1 causes the CRTC's Vertical Displayed 
line counter and row scan counter to be clocked 
by divide-by-two horizontal timing if vertical sync 
polarity (3C2 Bit 7=0) is programmed to be posi
tive. Therefore, the relationship between the ac
tual number of lines displayed [N] and the data [n] 
programmed into the Vertical Display Enable End 
register is: 

N=2(n+1) 

Likewise, the relationship between the actual 
number of scan lines per character row [N] and 
the data [n] programmed in the maximum Scan 
Line register holds true. 

13-62 11122191 



WD90C11(A) REGISTERS 

Bit 5 

Interlaced mode. 
Setting this bit to 1 selects interlaced mode. The 
interlaced mode can be used in those video 
modes in which the data programmed into the 
Maximum Scan Line Address register [3?5.09] = 
OXXOOOOO. 
Line compare and double scan are not supported. 

Bits (4:0) 

Interlaced H/2 end bits (4:0). Add the contents of 
the Interlaced H/2 Start Register PR(13) to the 
horizontal sync width (same as defined by 
3X5.04,05). Program 5 LSB of the sum into these 
bit locations. 

5.4.13 PR15 Miscellaneous Control 1 
Read/Write Port = 3?5, Index = 2e 

BIT FUNCTION 

7 Read 46E8 Enable 
6 Reserved 
5 VCLK1 VCLK2 Latched Outputs 
4 VCLK= MCLK 
3 8514/A Interlaced Compatibility 
2 Enable Page Mode 
1 Select Displa}' Enable 
0 Disable Border 

Bit 7 

Enable reading port 46E8H. This bit is functional 
only if AT BUS architecture [CNF(2)=1] is 
selected. Setting this bit to 1 enables I/O port 
46E8H to be read, regardless of the state of its 
own bits 3 and 4 and of port 102 bit 0 (sleep bit). 
Only bits (4:0) of port 46E8H are readable; bits 
(7:5) are O. 

Bit 6 

Reserved. 

Bit 5 

Latched VCLK1 and VCLK2. This bit is used only 
if CNF(3) = 1 which configures the VCLK1 and 
VCLK2 pins as outputs. Setting This bit to 1 
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causes outputs VCLK1 and VCLK2 to equal bfts 2 
and 3 of I/O write register (Miscellaneous output 
register) at 3C2H respectively. 

Bit 4 
Select MCLK as video clock. Setting this bit to 
causes the MCLK input to be selected for the 
source of all video timing. The other three VCLK 
inputs can not be selected when this bit is set. 

Bit 3 
Interlaced Compatibility. This bit should be used 
only if interlaced mode is selected (see PR14). 
This bit should be set to 1 if exact timing emula
tion of the IBM 8514/A's interlaced video timing is 
required. Setting this bit to 1 causes vertical sync 
to be generated from the trailing edge of non
skewed horizontal sync, instead of leading edge, 
as generated for VGA timing. 
Setting this bit to 1 also removes two VCLK 
delays from the default VGA video dot path delay 
chain. 

Bit 2 
Select Page Mode Addressing. Setting this bit to 1 
forces screen refresh memory read cycles to use 
page mode addressing in alpha modes. Page 
mode addressing is automatically used in the 
graphics modes. Page mode addressing requires 
less time than RAS-CAS addressing; therefore, 
selecting page mode addressing increases the 
bandwidth for the CPU to access video memory 
by 30-40%. Set this bit to 1 of 132 character mode 
timing is selected (see description of PR2). Set
ting this bit to any alpha mode overrides the char
acter map select functions of PR2(2) and PR2(5). 
When this bit is set to 1, it redefines the Character 
Map Select Register (3C5.03). One of eight, 8K 
memory segments containing a pair of maps in II 
Plane 2 or Plane 3 is addressed by bits (2:0) of 
this register while the map selection is determined 
by the bits (4:3). A pair of adjacent 8K character 
maps in planes 2 and 3, (adjacent in the sense 
that they have the same addressing) may be 
selected by bit 3 of the attribute code. 
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The Character attribute bit 3, in conjunction with 
bits 3 and 4 of the Character Map Select register 
(3C5.03), determine a character map from either 
Plane 2 or Plane 3 as shown by the table below. 

3CS.03 3CS.03 ATT PLANE 
BIT4 BIT3 BIT3 SELECT 
0 0 X 2 
1 1 X 3 
1 0 0 2 
1 0 1 3 
0 1 0 3 
0 1 1 2 

NOTE: 
The above Character Map Select functions over
ride the functions override the functions of PR2(5} 
and PR2(2}. 

This bit must be set to 1 before loading the char
acter maps into the video DRAM, because the 
addressing of the page mode character maps dif
fers from the addressing of the default, non-page 
mode. However, setting this bit to 1 internally 
redirects all necessary addressing to make load
ing the character maps the same, whether in page 
mode or non-page mode. 

Bit 1 

Display Enable Timing Select. This bit is used to 
select between two types of Display Enable 
timings available at output pin BLNKN if 
PR4(7}=1. If PR4(7}=0, this bit has no effect. 

0= BLNKN supplies Pre-Display Enable. Pre-Dis
play Enable timing precedes active video by 
one dot clock. 

1 = BLNKN supplies Display Enable. The display 
enable timing coincides with active video 
timing. 

Bit 0 

Disable border. Setting this bit to 1 forces the 
video outputs to 0 during the interval when border 
(overscan) color would be active. 
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S.4.14 PR16 Miscellaneous Control 2 
Read/Write Port = 3?S, Index = 2f 

BIT FUNCTION 

7 External req. 46E8H lock 
6 CRTC Address count Width bit 1 
5 CRTC Address Count Width bit 0 
4 CRTC Address Counter Offset bit 1 
3 CRTC Address Counter Offset bit 0 
2 Enable Odd/Even Page bit 
1 VGA Mapping Enable 
0 Lock RAMDAC Write Strobe 

Bit (7) 

Lock External 46E8H register. 

Setting this bit to 1 causes EBROM output to be 
forced high (Inactive) during I/O writes to port 
46E8H. This bit has no effect on loading the inter
nal port 46E8H. 

Bit (6:S) 

CRTC Address Counter Width. 

Power on reset clears these bits to O. These two 
bits determine the modulus of the CRT controller's 
address counter, allowing its count width to be 
limited to 64 Kbyte or 128 Kbyte locations (Byte, 
Word, Double word). These bits may be used in 
virtual VGA applications containing 512 Kbyte or 
1024 Kbyte of video memory in which CRT con
troller is limited to only 64 Kbyte or 128 Kbyte 
locations. Bit PR16(6} should be set 1 to ensure 
VGA and EGA compatible operation of the ad
dress counter, limited to 64 Kbyte locations. The 
following table shows details: 

PR16(6) PR16(S) COUNT WIDTH 
0 0 256 Kbyte 
0 1 128 Kbyte 
1 X 64 Kbyte 
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Bit (4:3) 

CRTC Address Counter Offset 
Bits 4 and 3 are summed with the CRT Control
ler's Address Counter bits CA(17) and CA(16), 
respectively, and the 2-bit result defines the start
ing location of the displayed video buffer at one of 
the four 64 Kbyte boundaries. 

Bit 2 

Enable Page Bit for Odd/Even 
This bit affects addressing of memory by the sys
tem processor, if chain 2 (Odd/Even) has been 
selected by setting 3CF.06(1) to 1, setting 
3C5.04(1) to 1, selecting extended memory, and 
setting 3C5.04(3) to 0 to deselect chain 4 ad
dressing. It enables the "Page Bit for Odd/Even" 
[3C2(5)] to select between two pages of memory, 
by controlling video RAM address 0, regardless of 
the Memory Size bits PR1 (7:6). 

Bit 1 

VGA Memory Mapping 
Setting this bit to 1, selects 256 Kbyte IBM VGA 
Mapping, regardless of the Memory Size bits 
PR1 (7:6). 

Bit 0 

Lock RAMDAC write strobe (3C6H - 3C9H) 
Programming this bit to 1 causes output WPLTN 
to be forced to 1 disabling I/O writes to the video 
DAC registers. The DAC state register, located 
inside the WD90C11 (A) is also protected from the 
modification but may still be read at the port 
3C7h. For normal operation, program this bit to o. 
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5.4.15 PR17 Miscellaneous Control 3 
Read/Write Port = 3?5, Index = 30 

BIT 

7-4 

3 
2 
1 
0 

Bit (7:4) 

Reserved. 

Bit (3) 

FUNCTION 

Reserved 
Map out 4K of BIOS ROM 

Enable 64K BIOS ROM 
Hercules Compatibility 
Map out 2K of BIOS ROM 

Map out 4K of BIOS ROM. 
Setting this bit to 1 disables access of the BIOS 
ROM in the system address range C600:0H -
C6FF:FH. Power on reset sets this bit to o. 

Bit (2) 

Enable 64K BIOS ROM. 
Setting this bit to 1 enables access of the BIOS 
ROM in the system address range COOO:OH -
CFFF:FH. Power on reset sets this bit to o. 

Bit (1) 

Setting this bit to a 1 locks Hercules compatibility 
register (I/O port 3BF). Power on reset sets this 
bit to O. 

Bit (0) 

Map out 2K of BIOS ROM. 
Setting this bit to 1 disables access of the BIOS 
ROM in the system address range C600:0H -
C67F:FH. 
Power on reset sets this bit to o. 
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5.4.16 PR20 3C5 Index 6: Unlock 
Sequencer Extended Registers 
(Reset State = Locked) 

A value of Xi XOi XXXX (48H) must be loaded to 
allow RMI of the Sequencer Extended Registers. 
When the extended registers are locked, then the 
Sequencer index will be readable as three bits 
only. When unlocked, the Sequencer index reads 
as a full eight bits. 

5.4.17 PR21 3C5 Index 7: Display 
Configuration Status and Scratch 
Pad Bits 

This register provides a convenient location for 
determining the current VGA configuration state. 
This information is needed for many of the BIOS 
calls. 

BIT FUNCTION 

7-4 Scratch Pad Bits 
3 Status of 3C2 bit 0 
2 Status of PR2 bit 6 
1 Status of PR4 bit 1 
0 Status of PR5 bit 3 

Bits 7:4 

Read/write scratch pad for any BIOS status data 
that may need to be saved. Reset state is 1111. 

Bit 3 

Reflects the setting of the I/O address select bit in 
the Miscellaneous Output Register. 
A 1 means CGA (3Dx) addresses have been 
selected by this read-only bit, while a 0 means 
MDA (3Bx) addresses have been selected. 
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Bit 2 

Reflects the setting of the VGAl6845 select bit in 
PR2 (3CF index C). 
A 1 means 6845 compatibility has been selected 
by this read-only bit, while a 0 means VGA or 
EGA compatibility has been selected. 

Bit 1 

Reflects the setting of the VGA/EGA select bit in 
PR4 (3CF index E). 
A 1 means EGA compatibility has been selected 
by this read-only bit, while a 0 means VGA was 
selected. 

Bit 0 

Reflects the setting of the Analog/TTL status bit in 
PR5 (3CF index F). 
The video BIOS may define this as a 0 meaning 
an an analog monitor was selected by this read
only bit, while a 1 means a TTL-type monitor was 
selected. 

5.4.1 B PR22 Scratch Pad Register 
Read/Write Port = 3C5, Index = BH 

Bits (7:0) 

Scratch Pad Bits 

5.4.19 PR23 Scratch Pad Register 
Read/Write Port = 3C5, Index = 9H 

Bits (7:0) 

Scratch Pad Bits 
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5.4.20 PR30 3C5 Index 10 
Memory Interface and FIFO Control 
Register 

This register controls display memory data width 
and its bandwidth. All of the bits are reset to zero 
at power on reset. 

BIT 

7,6 
5 
4 
3 
2 
1,0 

Bits (7,6) 

Reserved 

Bit 5 

FUNCTION 

Reserved 
8- or 16-bit Memory data path 
Disable 16-bit CPU interface 
Enable write buffer extension 
4 or 8 level FIFO 
Display memory bandwidth 

When set to 1, the display memory data path be
comes 16-bits wide. Otherwise, the data path is 
8-bits wide. The WD90C11 (A) can support 8/16-
bits memory data path with four 256 Kbyte by 4 
DRAMs installed. 

Bit 4 

When set to 1, the 16-bit CPU interface is un
chained mode is disabled. This is for debug only 
and should be set to 0 under normal conditions. 

Bit 3 

When set to 1 enables the write buffer extension. 
This will make the write buffer effectively two 
deep. Should be set to 1 under normal condi
tions. 
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Bit 2 

When set to 1, will set the internal FIFO to 4 
levels deep. Otherwise the FIFO is 8 levels deep. 
In general, when 16-bits display memory is 
enabled (bit 1 of this register is set to 1), then the 
4 level deep FIFO is recommended. In "Super 
VGA" mode (800 by 600 by 256 color) an 8 level 
deep FIFO will be required. 

Bit 1, 0 

These two bits can be used to adjust the display 
memory bandwidth. In general it is recommended 
that these two bits be set to 01 to accommodate 
most applications. These bits have no effect in 
any text mode. They are locked into 00 internally 
when a text mode is set. 

00 FIFO requests for one level 
memory cycle when empty 
FIFO is: 

01 FIFO requests for two levels 
memory cycle when empty 
FIFO is: 

10 FIFO requests for three levels 
memory cycle when empty 
FIFO is: 

11 FIFO requests for four levels 
memory cycle when empty 
FIFO is: 
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5.4.21 PR31 3C5 Index 11: System Inter-
face Control (Reset State = OOH) 

This register provides the control bits for the sys
tem interface. This register should be set during 
the Post initialization routines of the VGA BIOS. 
The reset state is 100% IBM VGA compatible. Bit 
7 will be used during some of the enhanced dis
play modes. 

BIT FUNCTION 

7 ReadlWrite Offset Enable 

6 Turbo Mode for Blanked Lines 
S Turbo Mode for Text 
4 CPU Read ROY release Control 1 

3 CPU Read ROY release Control 0 
2 Enable Write Buffer 
1 Enable 16-bit I/O Operation on 

Attribute Controller 
0 Enable 16-bit I/O Operation on 

CRTC, Sequencer and Graphics 
Controller 

Bit 7 

When set to 1, the offset register PRO-A will be 
added to the CPU address for read cycles, while 
PRO-B will be added for write cycles. When 
cleared to 0, the offset registers operate the same 
as in the PVGA1 B. Refer to PROA and PROB 
definitions. 

Bit 6 

When set to 1, system performance is improved 
by 10% by removing extra memory cycles on 
blank lines. 

Bit 5 

. When set to 1, text mode performance will be 
improved. 
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Bit 4:3 

These two bits set the CPU's ROY timing to be 
optimized for different system timing. For slower 
systems, the ROY line may be released earlier 
because it will take longer for the read cycle to be 
completed. 

00 = Power on reset condition. ROY is inser
ted at the end of a CPU memory cycle 

01, 10 = ROY is inserted 1 MCK before the end of 
a CPU memory cycle. 

11 = ROY is inserted 1 MCK after the end of 
a CPU read memory cycle. ROY is inserted 
at the end of a memory write cycle. 

For 10 MHz or slower systems, the 01 setting is 
recommended. For 12 MHz or faster systems, 
the 11 setting is recommended. 

Bit 2 

When set to 1, a single-level , 16-bit write buffer is 
enabled. This willi greatly reduce the number of 
wait states for CPU writes to display memory. 

Bit 1 

If this bit and bit 0 are both set to 1, then the 
Attribute Controller (3CO/3C1) is configured for 
16-bit access. The index is at 3CO, while the data 
is at 3C1, and the address toggle is disabled for 
16-bit reads or writes. The address toggle func
tions in the standard way for 8-bit cycles. IOCS16 
is asserted for all cycles to 3CO or 3C1. 

Bit 0 

When set to 1, this bit enables 16-bit access to 
the CRTC (3?4/3?S), Sequencer (3C4/3CS), and 
Graphics Controller (3CE/3CF). The output 
IOCS16 will be active for any I/O read or write to 
these addresses. When set at 0, the VGA I/O is all 
8-bit. 
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5.4.22 PR32 3C5 Index 12: Miscellaneous 
Control 4 (Reset State = OOH) 

This register provides control for several different 
features. Some of these features help to support 
Genlock of the PVGA 1 M to another display con
troller for overlay. 

BIT FUNCTION 

7 Enable External Sync Mode 
6 Disable Cursor Blink 
5 USR1 Function Select 
4 USR1 Control 

3 USRO Function Select 
2 USRO Control 
1 Allow readback in backward 

compatible modes 
0 Force standard CPU addressing in 

132-column mode 

Bit 7 

When set to 1, EXVID is configured to input exter
nal Horizontal Sync, and EXPCLK inputs external 
Vertical Sync. The external HSYNC signal also 
synchronizes the character clock timing. In this 
configuration, EXVID and EXPCLK do not control 
the VID7:0 and PCLK output buffers. A 0 setting 
places this bit into its normal operation mode. 

Bit 6 
When set to 1, the text cursor blink will be dis
abled, and the cursor will remain on. This option 
can be used if cursor blink is not desired. 

Bit 5 

A 1 setting causes the USR1 output to indicate 
when the WD90C11 is reading font data in text 
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mode (FONTCYC). A 0 causes the USR1 output 
to reflect the state of bit 4, which can be used to 
control new features that the system board desig
ner may wish to add. 

Bit 4 
Controls the USR1 output when selected by bit 5. 

Bit 3 
A 1 setting causes the USRO output to indicate 
that the WD90C11 is reading both the character 
and the attribute data from the DRAMs in text 
mode (TEXTCYC). USRO will be high during the 
RAS cycles for character/attribute read. The 
DRAM data may be sampled when USRO is high. 
A 0 setting causes the USRO output to reflect the 
state of bit 2, which can be used to control new 
features that the system board designer may wish 
to add. 

Bit 2 

Controls the USRO output when selected by bit 3. 

Bit 1 
When set to 1, this bit allows reading the registers 
that are not readable in backward compatibility 
modes. This option may be used either as a test 
feature or by the BIOS during mode changes. 

Bit 0 
When set to 1, the special CPU address mapping 
for page mode font access in 132-column text is 
set for standard mapping without disturbing the 
display. This will be used only for special virtual 
VGA applications. 
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REGISTERS EGA I!OPORT 

GENERAL REGISTERS 

Miscellaneous Output Reg WO 3C2 
Input Status Reg 0 RO 3C2 
Input Status Reg 1 RO 3?A 
Feature Control Reg WO 3?A 

SEQUENCER REGISTERS 

Sequencer Index Reg WO 3C4 
Sequencer Data Reg WO 3C5 

CRT CONTROLLER REGISTERS 

Index Reg WO 3?4 

CRT CONTROLLER DATA REGISTERS 

Except the following: WO 3?5 
Start Address High (Index=OC) RW 3?5 
Start Address Low (Index=OO) RW 3?5 
Cursor Location High (Index=OE) RW 3?5 
Cursor Location Low (Index=OF) RW 3?5 
Light Pen High, (Index=10) R 3?5 
Light Pen Low, (Index=11) R 3?5 

GRAPHICS CONTROLLER REGISTERS 

Index Reg WO 3CE 
Other Graphics Reg WO 3CF 

ATTRIBUTE CONTROLLER REGISTERS 

Index Reg WO 3CO* 
Attribute Controller Data Reg WO 3CO* 

NOTES: 
1. RO = Read Only, WO = Write Only, and RW = ReadlWrite. 
2. All Register addresses are in hex. 
3. "?" = "8" in Monochrome modes or "0" in Color modes. 
4. "*" = Identical responses from I/O ports 3CO and 3C1. 

TABLE 5-5. EGA REGISTERS SUMMARY 
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5.5 EGA REGISTERS 

For the register definitions that have not changed 
from the VGA modes, refer to the VGA descrip
tion. Only the differences between the VGA and 
EGA registers are briefly described in this section. 
Also, refer to the prior section for VGA mode 
details. Not Used bits should be set to 0 unless 
otherwise noted. 

A general procedure to enter EGA mode of opera
tion is described. The actual software implemen
tation details are not covered in this procedure. 
These steps are briefly defined to outline the EGA 
mode entry. 

1. Load Configuration register bit 8. Logic 0 for 
VGA compatible PS/2 display or Logic 1 for 
EGA compatible TTL monitor by appropriate 
pull-up or pull-down resistor on MO(11). 
(Pull-up resistor on M011 causes CNF(8) to 
be latched with logic 0, for Analog PS/2 
compatible display). This is status for the 
BIOS or application to signify monitor type 
attached. 

2. Unlock all the PR registers. 

3. Program PR2(6) to 0 for EGA mode. 

4. Set PR4 bit 1 to logic 1 for EGA compatibility. 

S. Load PR11 (7:4) with EGA Configuration 
switches by using pull-up or pull-down 
resistors on pins MO(1S:12). (Pull-up 
resistor causes logic 1 to be latched after 
power on reset.) 

6. The EGA switch setting may then be read from 
PR11 (7:4) at I/O port 3C2 bit 4. 
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7. If EGA is to be emulated on the IBM PS/2 type 
analog display, follow the suggested steps 
listed below: 
Initialize all the registers. 
Lock CRT controller registers. 
Force Clock Control rate of the CRT 
controller. 

8. Set EGA emulation mode by programming: 
PR11 (3)=1; Set EGA emulation on PS/2 type 
display 
PR14(6)=1; Vertical double scan 
PR11 (2)=1; Lock clock select 
PR11 (0)=1; Lock 8/9 dot timing. 
PR14(7)=1; Enable IRQ (optional) 

9. Lock the PR registers PRO-PRS and 
PR10-PR17. 

10. Read protect PR registers. 

When EGA is required on a TTL monitor, the sug
gested steps are: 

1. Initialize all the registers. 

2. Set EGA TTL mode by programming: 
PR11 (3)=0;EGA TTL 
PR14(7)=1 ;Enable IRQ 
PR1S(6)=1;Set Low Clock 
PR14(7)=1 ;Enable IRQ 

3. Lock PR registers PRO-PRS and PR10-PR17 

4. Read protect PR registers. 

For more details on the PR registers, refer to the 
PR registers section. The EGA register summary 
shown on the next page highlight all the EGA 
mode registers. 
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5.5.1 General Registers 

Only the general registers and the bit definitions 
that differ between the VGA and EGA are ad
dressed. Their EGA mode bit definitions are 
provided. 

5.5.1.1 Miscellaneous Output Register 
(Write Port 3C2) 

Bits (7:5) 

EGA: Same as Miscellaneous Output Register 
Bits (7:5) definition in the VGA section. 

Bit 4 

Not used. 

Bits (3:2) 

EGA: 

BIT3 
0 

0 

1 

1 

Bit (0) 

BIT2 
0 

1 

0 

1 

DESCRIPTION 
14.318 MHz clock (VCLKO) 
is selected. 
16.257 MHz clock (VCLK1) 
is selected if Configuration 
ReQister Bit 3 is o. 
External User Defined Clock 
(VCLK2) from the feature 
connector is selected if Con-
figuration Register Bit 3 is O. 
Not Used. VCLK2 selected if 
Configuration Register Bit 3 
is 0 

EGA: Identical to Miscellaneous Output Register 
Bit 0 definition in the VGA section. 

5.5.1.2 Input Status Register 0 
(Read Port 3C2) 

Bit 7 

EGA: Same as input Status Register 0, Bit 7 
definition in the VGA section. 

Bits (6:5) 

EGA: Not used 

Bit 4 

WD90C11(A) REGISTERS 

EGA: The four configuration switches' information 
stored in PR11 can be read at this bit if PR4(1) 
has been set to 1. 

Bits (3:0) 

EGA: Not used = 1 

5.5.1.3 Input Status Register 1 
(READ PORT 3?A) 

Bit (7) 

EGA: Not used 

Bit 6 

EGA: Not used = 1 

Bits (5:3) 

EGA: Identical to Input Status Register 1 Bits (5:3) 
definition in the VGA section. 

Bit 2 

EGA: Not used = 1 

Bit 1 

EGA: Unused 

Bit (0) 

EGA: 
Same as Input Status Register 1 Bit 0 definition in 
the VGA Section. 

5.5.1.4 Feature Control Register 
(Write Port 3?A) 

Bits (7:0) 

EGA: Not used 
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5.5.2 Sequencer Registers 
(Port 3C5) 

5.5.2.1 Clocking Mode Register 
(Index = 01) 

Bits (7:4) 

EGA: Not Used 

Bits (3,2) 

EGA: Same as Clocking Mode Register Bits (3,2) 
definition in the VGA section. 

Bit 1 

EGA: Set to zero 

Bit (0) 

EGA: Identical to Clocking Mode Register Bit 0 
definition in the VGA section. 

WD90C111WD90C11 A 

5.5.2.2 Character Map Select Register 
(Index 03) 

Bits (7:4) 

EGA: Not Used 

Bits (3:2) 

EGA: Character Map Select A 

BIT BIT MAP 
3 2 SELECTED 

0 0 0 
0 1 1 

1 0 2 
1 1 3 

Bits (1 :0) 

EGA: Character Map Select B 

BIT BIT MAP 
1 0 SELECTED 

0 0 0 

0 1 1 

1 0 2 
1 1 3 

NOTE: 

FONT 
TABLE/PLANE 
2 LOCATION 
First 8K 
Second 8K 
Third 8K 
Fourth 8K 

FONT 
TABLE/PLANE 
2 LOCATION 
First 8K 
Second 8K 
Third 8K 
Fourth 8K 

1. Character Map selection from Plane 2 is 
determined by bit 3 of the attribute code. 
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5.5.2.3 Memory Mode Register 
(Index = 04) 

Bits (7:3) 

EGA: Not Used 

Bits (2:1) 

EGA: Identical to Memory Mode Register Bits 
(2,1) definition in the VGA section. 

Bit 0 

EGA: Alpha mode bit. 
A logic 1 shows that Alpha mode is active and 
character map selection is enabled. A logic 0 dis
ables Alpha modes and enables non-Alpha 
modes. 

5.5.3 CRT Controller Registers (Port 3?5) 
The EGA registers that are different are listed. 
For similar registers and identical bits within 
registers refer to the VGA section. Also, "?" im
plies that a register is mapped into either 3B5 or 
3D5, for Monochrome or Color display modes, 
respectively. 

5.5.3.1 Index Register (Port = 3?4) 

Bits (7:5) 

EGA: Not Used. 

Bits (4:0) 
EGA: Five bits point to the CRT Registers Ad
dress index where the data is to be written. 

WD90C11 (A) REGISTERS 

5.5.3.2 Horizontal Total Register 
(Index = 00) 

Bits (7:0) 

EGA: 
Eight bits of value for the "Total Character Count 
Less 2" are loaded into this register. They define 
number of characters to be displayed per horizon
talline. 

5.5.3.3 End Horizontal Blanking Register 
(Index = 03) 

Bits (7) 

EGA: Not Used. 

Bits (6:5) 

EGA: They define display enable skew in charac
ter clocks. 

BITS BIT5 SKEW 
0 0 0 
0 1 1 

1 0 2 
1 1 3 

Bits (4:0) 

EGA: Five bits of character count are loaded to 
determine when the horizontal blanking signal be
comes inactive. 
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5.5.3.4 End Horizontal Retrace Register 
(Index = 05) 

Bit 7 

EGA: It defines the start of the odd or even CRT 
counter memory address following the horizontal 
retrace time. Logic "1" = Odd Address and logic 
"0" = Even Address. 

Bits (6:0) 

EGA: Same as End Horizontal Retrace Registers 
Bits (6:0) definition in VGA section. 

5.5.3.5 Vertical Total Register (Index = 06) 

Bits (7:0) 

WD90C11IWD90C11 A 

5.5.3.8 Maximum Scan Line Register 
(Index = 09) 

Bits (7:5) 

EGA: Not used. 

Bits (4:0) 

EGA: Same as maximum Scan Line Register Bits 
(4:0) definition in the VGA section. 

5.5.3.9 Cursor Start Register (Index = OA) 

Bits (7:5) 

EGA: Not used. 

EGA: Lower eight bits of the CRT vertical frame Bits (4:0) 
time in scan lines including the vertical retrace. EGA: Same as Cursor Start Register Bits (4:0) 

definition in the VGA section. 

5.5.3.6 CRT Controller Overflow Register 

(Index = 07) 5.5.3.10 Cursor End Register (Index = OB) 

Bits (7:5) Bit(7) 

EGA: Not used. EGA: Not used. 

Bits (4:0) Bits (6:5) 

Identical to CRT Controller Overflow Register Bits EGA: They define cursor signal skew in character 
(4:0) definitions in the VGA section. clocks. 

5.5.3.7 Preset Row Scan Register 
(Index = 08) 

Bits (7:5) 

EGA: Not used. 

Bits (4:0) 

EGA: Same as Preset Row Scan Register Bits 
(4:0) definition in the VGA section. 

BIT 6 BIT 5 SKEW 
0 0 0 
0 1 0 
1 0 1 
1 1 2 

Bits (4:0) 

EGA: These bits define Cursor End value of row 
scan address counter. The programmed value is 
equal to "N+ 1" where "N" is the last row of the 
Cursor to be displayed. 
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5.5.3.11 Vertical Retrace Start Register 
(Index = 10) - Write 

(Light Pen High register, Index = 10 - Read) 

Bits (7:0) 

EGA: Lower eight bits of the vertical retrace start 
position programmed in horizontal scan lines. 

5.5.3.12 Vertical Retrace End Register 
(Index = 11) - Write 

(Light Pen Low register, Index = 11 - Read) 

Bits (7:6) 

EGA: Not used 

Bit 5 

EGA: It enables the IRQ output buffer control if 
Logic 0 is programmed. The IRQ latch within the 
CRT controller determines the logic state of the 
IRQ output signal. If programmed as logic 1, the 
IRQ buffer is switched to a high impedance state. 

Bit 4 

EGA: When programmed to logic 0, the IRQ latch 
is reset and cleared to 0 if bit 5 = O. If it is logic 1, 
the IRQ latch gets set at the end of the vertical 
display. 

Bits (3:0) 

EGA: Identical to Vertical Retrace End Register 
Bits (3:0) definition in the VGA section. 

WD90C11 (A) REGISTERS 

5~5.3.13 Underline Location Register 
(Index = 14) 

Bits (7:5) 

EGA: Not used. 

Bits (4:0) 

EGA: Horizontal scan row where the underline will 
be displayed. Value programmed is one less than 
the scan line desired. 

5.5.3.14 End Vertical Blanking Register 
(Index = 16) 

Bits (7:5) 

EGA: Not used. 

Bits (4:0) 

EGA: Identical to End Vertical Blanking Register 
Bits (4:0) definition in the VGA section. 

5.5.3.15 Mode Control Register (Index = 17) 

Bits (7:5) 

EGA: Same as Mode Control Register Bits (7:5) 
definition in the VGA section. 

Bit 4 

EGA: Not used. 

Bits (3:0) 

EGA: Identical to Mode Control Register Bits (3:0) 
definition in the VGA section. 
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5.5.4 Graphics Controller Registers 
(Port 3CF) 

5.5.4.1 Read Map Select Register 
(Index = 04) 

Bits (7:3) 

EGA: Not Used. 

Bits (2:0) 

WD90C11IWD90C11A 

5.5.5 Attribute Controller Registers 
(Ports = 3C0/3C1) 

5.5.5.1 Palette Registers 
(Index = 00 through OF) 

BIT FUNCTION 

7-6 Not used 
5-0 Dynamic color selection 

EGA: Map selected bits (2:0) which represent en- Bits (7:6) 
coded value of the memory plane in binary as EGA: Not Used. 
shown below: 

02 01 DO MAP SELECTED 
0 0 0 0 
0 0 1 1 
0 1 0 2 
0 1 1 3 

5.5.4.2 Mode Register (Index = 05) 

Bit (7:6) 

EGA: Not Used 

Bits (5:2) 

EGA: Identical to Mode Register Bits (5:2) defini
tion in the VGA section. 

Bits (1 :0) 

EGA: Binary coded write bits define the write 
modes per table below: 

BIT BIT FUNCTION 
1 0 
0 0 Write mode 0 - Refer to VGA 

section 
0 1 Write mode 1 - Refer to VGA 

section 
1 0 Write mode 2 - Refer to VGA 

section 
1 1 Write mode 3 - Not Legal. 

Selects write mode 1 . 

Bits (5:0) 

EGA: Dynamic color selection. Logic 0 = Color 
deselection, and Logic 1 = color selection per the 
table below' 

BITS COLOR PIXEL 
5 Sec. Red VID5 
4 Sec Green/lnten VID4 
3 Sec Blue/Mono VID3 
2 Red VID 2 
1 Green VID 1 
0 Blue VIDO 

5.5.5.2 Mode Control Register (Index = 10) 

BIT FUNCTION 

7-4 Not used 
3-0 Same as Mode Control 

in VGA section 

Bits (7:4) 

EGA: Not Used 

Bits (3:0) 

EGA: Identical to Mode Control Register Bits (3:0) 
definition in the VGA section. 
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5.5.5.3 Overscan Color Register 
(Index = 11) 

BIT FUNCTION 

7-6 Not used 
5-0 Overscan color for border 

Bits (7:6) 

EGA: Not Used 

Bits (5:0) 

I 
! 

I 

WD90C11 (AJ REGISTERS 

Bits (3:0) 

EGA: Same as Color Plane Enable Register Bits 
(3:0) definition in the VGA section. 

5.3.5.5 Horizontal PEL Panning Register 
(Index = 13) 

BIT FUNCTION 

7-4 Not used 
3-0 Horizontal left shift of the video data 

in number of pixels. 
EGA: Overscan color for the border. For a 
monochrome display, set all the six bits to logic o. 
The border color is defined by the color table for 
the Palette registers shown above. Bits (7:4) 

EGA: Not Used 

5.5.5.4 Color Plane Enable Register 
(Index = 12) 

BIT FUNCTION 

7-6 Same as Color Plane Enable - VGA 
5-4 Video Status Multiplexer 
3-0 Same as Color Plane Enable - VGA 

Bits (7:6) 

EGA: Same as Color Plane Enable Register Bits 
(7,6) in the VGA section. 

Bits (5:4) 

EGA: 
Determines two of six colors for the Video Status 
Multiplexer per the table listed: 

BIT5 BIT4 INPUT STATUS REGISTER 
1 (Port 3?A) 

BIT5 BIT4 
0 0 VID 2(Red) VID 0 (Blue) 
0 1 VID 5(SRed) VID4 

(SGreen) 
1 0 VID 3(SBlue) VID 1 

(Green) 
1 1 VID 5(SRed) VID4 

(SGreen) 

! 

Bits (3:0) 

EGA: These four bits determine the horizontal left 
shift of the video data in number of pixels. In 
monochrome alpha numeric modes, (9 dots/char
acter) image can be shifted by 9 pixels. For all 
other graphics or alpha numeric modes, a maxi
mum left shift of 8 pixels is permitted. Refer to the 
left shift pixel table of the Horizontal PEL Panning 
Register Bits (3:0) described in the VGA section. 
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5.6 INTERNAL 1/0 PORTS 

5.6.1 AT Mode Setup, Enable Write Only 
Port 46E8H (Also at Port 56E8H, 
66E8H, 76E8H) 

BIT 

7-5 
4 
3 
2-0 

Bit(7:5) 

Unused 

Bit 4 

Setup 

FUNCTION 

Unused 
Setu~ 

Enable 1/0 & Memory 
External BIOS ROM PaQe Select 

Puts WD90C11 (A) into setup mode where only 
1/0 port 102H is accessible. 

Bit 3 

Enable 1/0 and Memory Accesses 

Bit(2:0) 

Unused Internally 
Used for BIOS ROM Page select. On 1/0 acces
ses to 46E8H, EBROMN becomes 1/0 write 
strobe for external implementation of BIOS ROM 
page mapping. Bits (2:0) are latched data bits to 
define 4K pages on BIOS ROM. The external 
mapping logic affects the three most significant 
bits of address applied to the BIOS ROM. The 
ROM can, therefore, be thought of as consisting 
of eight, 4K pages. External circuitry is required 
to implement the BIOS ROM page selection using 
bits D2:00. The WD90C11 (A) also provides an 
alternative port 3C3H instead of port 46E8H. If a 
pull down resistor is connected to MD(9) during 
power on reset (CNF9 = 0), then port 3C3H will 
be decoded instead of port 46E8H to support the 
same functions described above. Otherwise, port 
46E8H is selected and decoded. 

WD90C111WD90C11 A 

5.6.2 Setup Mode Video Enable 

BIT 

7 - 1 
0 

Bit(7:1 ) 

Unused 

Bit 0 

(AT and Micro Channel Modes) 
ReadlWrite Port = 102H 
(XXXX XXXX XXXX X010B) 

FUNCTION 

Unused 
WakeupVGA 

Wakeup VGA for 1/0 and Memory Accesses. 
Only lower 3 address bits are decoded for this 
port and WD90C11 (A) must be in SETUP mode. 
VGA Enable Sleep bit or Programmable Option 
Select (POS) register 102H bit 0 is used to 
awaken the WD90C11 (A) after power on in the 
MCA and AT mode. To enter the set up mode in 
AT bus applications, bit 4 of the partially decoded 
internal 1/0 port 46E8H is set to 1 before access
ing the 1/0 port 102H. In MCA mode, when the 
VGASETUP (EION) signal pin is active low, the 
WD90C11 (A) is in setup mode and port 102H can 
be accessed. 
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5.7 VIDEO RAMDAC PORTS 

The Video RAMDAC is implemented externally to 
the WD90C11 (A). However, the WPLT and RPLT 
signals required by the RAMDAC are provided by 
the WD90C11 (A). Setting PR(16) bit 0 to a 1 for-

DAC DAC OPERATION 
ADDRESS 

3C8H PEL address port (write) 

3C7H PEL address port (read) 

*3C7H *DAC state (read only) 

3C6H PEL mask (read/write) 

3C9H PEL data register (read/write) 

* This port is internal to the WD90C11 (A). 

WD90C11 (AJ REGISTERS 

ces WPLT to a high level disabling I/O writes to 
the RAMDAC. Normally, the WPLT and RPLT 
signals to the RAMDAC are generated when the 
following I/O ports are written to or read from. 

DETAILS 

Read/write port 

Write only port 

*If bits 0/1 =1, DAC in read operation. 
When bits 0/1 =O,DAC in write opera-
tion. Bits 2-7 are reserved. 

Not to be written by application code or 
color look up table will be changed. 

Three successive read/write bytes. 
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5.8 CONFIGURATION BITS 

Memory Data lines 15:0 are used to input con
figuration data at power-on reset (RST) by pullup 
or pull down resistors. This configuration data then 
sets the bits in internal registers. Some of these 
bits can then be changed by software, while some 
are in non-writable registers. The non-writable bits 
set features such as bus type which are not 
changed after power-on. 

BIT FUNCTION 

15 - EGA Switches 
12 
11 A23 - A20 Connection Select 
10 16-bit BIOS 
9 46E8/3C3 Select 
8 Display Status 
7-4 General Purpose Status 
3 Video Clock Source Control 
2 Bus Architecture Select 
1 ROM Configuration 
0 Map out BIOS 

5.8.1 WD90C11 Configuration 
Register Bits CNF(15:0) 

CNF(15:12) 

EGA CONFIGURATION SWITCHES SW4-SW1. 
PULLING UP MD(15:12) causes PR11 (7:4) to be 
latched HIGH. PULLING DOWN MD(15:12) 
causes these bits to be latched LOW. PR11(7:4) 
are writable bits. These bits can be read as bit 4 
of port 3C2H (as on a standard EGA) if the EGA 
COMPATI BILITY BIT [PR4(1)] has been set to 1. 
Selection of which bit is read is determined by bits 
3 & 2 of the Miscellaneous Output Register 3C2, 
as follows. 

WRITE READ 

3c2 bit 3 3C2 bit 2 3C2 bit 4 
0 0 PR11(7) [=EGASW4] 
0 1 PR11(6) [= EGASW~l 
1 0 PR11 (5) [= EGA SW2] 
1 1 PR11 (4) [= EGA SW1] 

WD90C11/wD90C11A 

CNF (11) (Refer to Figure 12) 

A 4.7K pull down resistor on the pin MD 8 will set 
CNF(11) = o. The pins A(22:20) should then be 
connected to the AT bus signals LA(19:17), un
latched CPU address. The pin A23 should be 
connected to the NOR of AT bus signals 
LA(23:20). The pins A(19:17) should be con
nected to AT bus SA(19:17), latched CPU ad
dress. This will allow the WD90C11/A to directly 
drive MEMCS16 in AT bus which requires decod
ing of the early unlatched address LA(23:17). An 
external NOR is required to decode LA(23:20). 
If there is no pull down resistor on MD8, the 
CNF(11) will be set to 1 by the internal pull up. 
Pins A(23:17) should be connected to AT bus sig
nals LA(23:17). In most 80286 systems, the early 
address LA(23:17) is not latched during a bus 
operation. CNF(11) = 0 is required to ensure 
proper decoding of MEMCS16 without many ex
ternal components. In most 80386 systems, the 
early address LA(23:17) is latched during a bus 
operation. CNF(11) = 1 is recommended for 
design simplification. In Micro Channel applica
tions, CNF(11) should be set to 1. 

CNF (10) 

A 4.7K pull down on pin MD10 will set CNF(10) = 
PR1 (1). Upon power-up, the pin ROM16 is 
enabled for 16-bit BIOS ROM decoding. Other
wise the internal pull up will set CNF(10) = 
PR1 =0. To enable the 16-bit BIOS, PR1 must be 
set to 1 by writing to port 3CF (index OB) and the 
CNF (1) must be 1. This bit is read/write at 
PR1(1). 

CNF (9) 

A 4.7K pull down on pin MD9 will set CNF(9) = o. 
Then port 03C3 will be selected as the VGA setup 
and enable register instead of port 46E8 in the AT 
interface. Otherwise, the internal pull up will set 
CNF(9) = 1. Port 46E8 will be selected as VGA 
setup and enable register. This bit has no effect 
in Micro Channel applications. 
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CNF (8) 

TTL DISPLAY STATUS BIT/GENERAL PUR
POSE STATUS BIT. 
Bit CNF(8) is latched internally at power-on-reset 
from memory data bus pin MD(11), provided with 
either a pull-up or pull-down external resistor. Pull
ing up MD(11) causes CNF(8) to be latched Low. 
This bit controls no internal functions and is read 
only as bit 3 of PR5 (3CF.OF). Also, CNF(8) is 
unaffected by writing to PRS (3CF.OF). In designs 
with TTL display, CNF(8) must be set to 1, as 
shown in Figure A-8. In designs with analog dis
plays, CNF(8) can be used as a general purpose 
status bit. Suggested implementation is: 

0= Analog (VGA - compatible) display is attached 
1 = TTL (EGA-compatible) display is attached. 

CNF (7:4) 

GENERAL PURPOSE STATUS BITS. 
Bits CNF (7:4) are latched internally at power-on
reset from corresponding memory data bus pins 
MD (7:4), provided with either pull-up or pull-down 
external resistors. These are read only bits at PRS 
(3CF.OF) positions (7:4). These bits are unaf
fected by writing to PRS(3CF.OF). Pulling up MD 
(7:4) causes CNF (7:4) to be latched high. 

CNF (3) 

VIDEO CLOCK SOURCE CONTROL. 
This bit cannot be written or read as I/O port pull
ing up MD (3) causes CNF(3) to be latched high. 
It configures WD90C11 (A) pins VCLK1 and 
VCLK2 as inputs or outputs. 

o = For inputs. 
1 = For outputs. 

When used as inputs, these pins supply alternate 
video dot clocks. Selection of dot clock is by an 
internal multiplexer. When used as outputs, 
VCLK1 supplies an active low load pulse for an 
external clock chip, during I/O writes to port 
3C2H. This load pulse may be inhibited by setting 
PR11 (2)=1. VCLK2 becomes a third clock select 
input to the external clock chip, which supplies 
multiple dot clock frequencies to the VCLKO input. 
Also, VCLK1 and VCLK2 outputs equal to bits 2 

WD90C11(A) REGISTERS 

and 3 of the Miscellaneous output register at 
3C2H respectively when pR1S bit S is set to 1. 

CNF (2) 

BUS ARCHITECTURE SELECT. 
This bit cannot be written or read as I/O. Pulling 
down MD(2) causes CNF(2) to be .Iatched low. 

o = Micro Channel architecture 
1 = AT BUS architecture 

Select CNF(2) will change PINOUT definition be
tween AT BUS and Micro Channel bus (see 
PINOUT description). 

PC-AT I/O Micro Channel I/O 
BUS 
MEMCS16 OUT CDDS16 OUT 
ROM16 OUT CSFB OUT 
EIO IN 3C3DO IN 
MRD IN M/IO IN 
MWR IN SO IN 
lOR IN S1 IN 
lOW IN CMD IN 
IRQ OUT IRQ OUT 
IOCS16 OUT CDSETUP OUT 

CNF (1) 

ROM CONFIGURATION. 
When set to 0, the WD90C11 (A)'s data bus buffer 
controls are configured for 1 ROM (8 bits). An 
internal pullup on MD (1) sets this bit to 0 at 
power-on reset. 
When set to 1, the WD90C11 (A)'s data bus buffer 
controls are configured for 16-bits (as with two 
ROMs). 
If CNF (1) = 0, then PR1 (1) can not be set high. 
This bit can not be written or read. 

CNF (0) 

BIOS ROM MAPPING. 
If set to 1, the BIOS ROM is mapped out. An 
internal pullup resistor on MD(O) sets this bit to 0 
at power-on reset. An external 4.7 K ohm 
pulldown resistor may be used to set this bit to 1 
on power-on (reset). 
This bit is read/write at PR1 (0). 
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6.0 DC CHARACTERISTICS 

SYMBOL PARAMETER MIN. MAX UNITS CONDITIONS 

V(IL) Input Low Voltage -0.3 0.8 V VCC=5V±5% 

V(IH) Input High Voltage 2.0 VCC+0.3 V VCC=5V±5% 

I(IL) Input Low Current -- ±10 uA VIN=O.OV 

I(IH) Input High Current -- ±10 uA VIN=VCC 

V(OL) Output Low Voltage -- 0.4 V IOL+2.0mA1 

V(OH) Output High Voltage 2.4 -- V IOH=-2.0mA 1 

I(OZ) High Impedance -10.0 10.0 uA OV<VOUT <VCC 
Leakage Current 

C(IN) Input Capacitance -- 10 pF FC=1 MHz 

C(OUT) Output Capacitance -- 10 pF FC=1 MHz 

C(l/O) 110 Pin Capacitance -- 12 pF FC=1 MHz 

TABLE 6-1. DC CHARACTERISTICS 

NOTE: 
The WD90C11/A outputs have 4.0 rnA maximum source and sink capability except as follows: 

IRQ, RDY= 4.0 rnA source and 24.0 rnA sink. 
MEMCS16, IOCS16 = 20 rnA sink. 
D15:0, PCLK, VID7:0, ROM16 = 8.0 mAsource/sink. 

6.1 ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature OoC to 70°C 
Under Bias 
Storage Temperature -40°C to 125°C 
Voltage on all inputs -0.3 to 7 Volts 
and outputs with 
respect to Vss 

NOTE 
Stresses above those listed under Absolute Maxi
mum Ratings may cause permanent damage to 
the device. This is a stress rating only and func
tional operation of the device at these or any other 
conditions above those indicated in the operation
al section of the specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect product reliability. 

6.2 STANDARD TEST CONDITIONS 

The characteristics below apply for the following 
standard test conditions, unless otherwise noted. 
All voltages are referenced to Vss (OV Ground). 
Positive current flows into the referenced pin. 

Operating Tempera- 0° to 70°C 
lure Range 

Power Suoolv Voltaae 4.75 to 5.25 Volts 

Power Dissipation 130 rnA (WD90C11) 
110 rnA (WD90C11A) 
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7.0 AC TIMING CHARACTERISTICS 
The following notes apply to all of the parameters 
presented in this section: 

All units are in nanoseconds 
CL = 30 pF unless. otherwise noted 

WD90C11 WD90C11A 

NO. PARAMETER MIN MAX MIN MAX 

RESET TIMING 

1 Reset Pulse Width 6t 6t 
2 MD Setup to RSET low 20 20 
3 MD Held from RSET low 30 30 
4 RSET low to first lOW 3t 3t 

CLOCK TIMING 

1 VCLK Period 15.3 15.3 
2 VCLK high 6 5 
3 VCLK low 6 5 
4* Clock Rise Time 3 3 
5* Clock Fall Time 3 3 
6 VCLK to PCLK Delay 4 12 4 12 
7a VCLK to Hsync Delay 4 18 4 18 
7b VCLK to Vsync Delay 4 12 4 12 
7c VCLK to BLNK Delay 4 12 4 12 
7d VCLK to VID(7:0) Delay 4 12 4 12 

8 MCLK period 23.8 27 22.2 27 
9 MCLK high 9.5 8.9 
10 MCLKlow 9.5 8.9 
11 VID (7:0) setup to PCLK 3 3 
12 VID (7:0) hold from PCLK 3 3 

NOTE: * Apply to both VCLK and MCLK. 

AC TIMING CHARACTERISTICS 

NOTES 

t = 1/MCLK 

@1.4V 
@1.4V 
0.8V -2.0V 
0.8V -2.0V 
45 ns @ 120 pF load up to 
30MHz 

45 ns @ 120 pF load up to 
30 MHz 
Maximum skew between 
PCLK and VID (7:0) is ± 10 
ns. 
@ 1.4V 
@ 1.4V 

TABLE 7-1. AC TIMING CHARACTERISTICS 
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AC TIMING CHARACTERISTICS WD90C11/wD90C11A 

WD90C11 WD90C11A 

NO. PARAMETER MIN MAX MIN MAX NOTES 

I/O AND MEMORY READIWRITE AT MODE TIMING 

1 EM EM setup to MRO, MWR low 8 8 
2 EM EM hold from MRO,MWR high 10 10 

3a A(23:0) setup to MRO,MWR low 22 15 
3b A(15:0) setup to IOR,IOW low 10 8 
3c BHE setup to MRO,MWR,IOR,IOW 10 5 

low 

4a A(23:0) hold from MRO, MWR low 8 5 
4b A(15:0) hold from lOR, lOW low 8 5 
4c BHE hold from MRO,MWR,IOR,IOW 8 5 

low 

5 EIO setup to IORIiOW low 10 10 
6 EIO hold from lOR/lOW high 10 10 
7 EOBUFxN low from 22 22 

IOR,IOW,MRO,MWR low 
8 EOBUFxN high from 22 22 

IOR,IOW,MRO,MWR high 
9 OIR high from IOR,MRO low 18 18 
10 OIR hold from lOR and MRO high 18 18 
11 0(15:0) write data setup to lOW & 10 8 

MWR high 

12a 0(15:0) read data hold from lOR high 18 18 
12b 0(15:0) read data hold from MRO 18 18 

high 

12c 0(15:0) write data hold from lOW high 8 5 
12d 0(15:0) write data hold from MWR 10 8 

high 

13a 0(15:0) read data valid from lOR low 90 90 CL= 70 pF 
13b 0(15:0) write data valid after MWR 2t 3t t= 1/MCLK 

low 
14 ROY high from MWRlMRO low 10 2.451ls 10 2.451ls 

(max is for standard VGA modes) 
15* Memory read data valid from ROY 40 40 CL = 70 pF • high CL = 100 pF 
16 ROY low from MWR/MRO low 8 18 6 15 CL = 100 pF 
17 ROY tristate from MWRlMRO high 10 18 6 15 
18 EBROM low from valid A(23:15) 25 15 
19 EBROM hold from MRO high 25 15 

TABLE 7-1. AC TIMING CHARACTERISTICS (Continued) 
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WD90C111WD90C11 A AC TIMING CHARACTERISTICS 

WD90C11 WD90C11A 

NO. PARAMETER MIN MAX MIN MAX NOTES 

110 AND MEMORY READIWRITE AT MODE TIMING 

20a WPLT low from lOW low 15 10 
20b RPLT low from lOR low 26 18 
21a WPL T high from lOW high 17 17 
21b RPLT high from lOR high 17 17 
22 EBROM low from lOW low (46E8H 61 55 

port) 
23 EBROM high from lOW high (46E8H 20 10 

port) 
24 VCLK1 low from lOW low (3C2 port) 46 46 
25 VCLK1 high from lOW high (3C2 port) 39 39 
26 A(15:0) valid to IOCS16 low 25 25 CL = 100 pF 
27 IOCS16 hold from lOW high 49 45 CL= 100 pF 
28 A(23:17) valid to MEMCS16 low 40 40 CL = 100 pF 
29 MEMCS16 hold after valid A(23:17) 20 15 CL = 100 pF 

110 AND MEMORY READIWRITE MICRO CHANNEL MODE TIMING 

1 A(23:0),EMEM,BHE setup to CMD 8 5 
low 

2 A(23:0),EMEM,BHE hold from CMD 8 5 
low 

3 CDSETUP,EIO setup to CMD low 8 5 
4 CDSETUP,EIO hold from CMD low 8 5 
5 STATUS setup to CMD low 8 5 
6 STATUS hold from CMD low 8 5 
7 EDBUFH, EDBUFL low from CMD 22 18 

low 
8 EDBUFH, EDBUFL high from CMD 22 18 

high 
9 DIR active from CMD low 18 18 
10 DIR inactive from CMD high 18 18 
11 CSFB delay from valid address/status 25 25 CL= 100 pF 
12 CSFB hold from CMD high (I/O cycle) 22 18 CL= 100 pF 
13 CSFB hold from invalid address 25 25 CL= 100 pF 

(memory cycle) 
14 CDDS16 delay from valid address 30 22 
15 CDDS16 hold from invalid address 25 18 
16 D(15:0) I/O write data setup to CMD 36 36 

high 
17a D(15:0) I/O Write data hold after 8 5 

CMD high 
17b D(15:0) Memory Write data hold after 0 0 

CMD high 
17c D(15:0) I/O Read data hold from 5 15 5 15 CL= 70 pF 

CMD high 
17d D(15:0) Memory Read data hold from 5 15 5 15 CL= 100 pF 

CMD hiQh CL=70pF 

TABLE 7-1. AC TIMING CHARACTERISTICS (Continued) 
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AC TIMING CHARACTERISTICS WD90C11/WD90C11 A 

WD90C11 WD90C11A 

NO. PARAMETER MIN MAX MIN MAX 

I/O AND MEMORY READIWRITE MICRO CHANNEL MODE TIMING 

18a 0(15:0) Memory Write data valid 50 50 
after CMO low 

18b 0(15:0) I/O Read data valid from 90 90 
CMO low 

19 ROY high delay from CMO low 0 2.4511s 0 2.4511s 
20' 0(15:0) Memory Read Data valid 40 40 

from ROY high 
21 CMO high (inactive) 21+15 2t+15 
22 ROY low delay from valid ad- 9 18 6 12 

dress/status 
23 EBROM low from valid address 25 18 
24 EBROM high from CMO high 25 18 
25 WPLT /RPLT low from CMO low 26 18 
26 WPLT /RPLT high from CMO high 17 17 
27 VCLK1 low from CMO low (3C2 port) 46 46 
28 VCLK1 high from CMO high 39 39 

(3C2 port) 

• Depends on setting of 3C5, Index 11, bit 4,3. 

o 
o 
1 
1 

o 
1 
o 
1 

max 40 ns 
max 40 ns + it 
max 40 ns + it 
max 40 ns-11 

TABLE 7-1. AC TIMING CHARACTERISTICS (Continued) 
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CL = 70 pF 

CL = 70 pF 
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WD90C111WD90C11 A 

WD90C11 

NO. PARAMETER 

1 
2 
3 
4 
S 
6 
7 
8 
9 

DRAM TIMING 

RAS cycle time 
RAS pulse width low 
RAS high time (precharge) 
RAS low to CAS low 
CAS cycle time 
CAS pulse width low 
CAS high time (precharge) 
Row address setup to RAS low 
Row address hold time from RAS 
low 

MIN 

6t 
3.St-6 
2.St+6 
2.5t-9 
2t 
1t 
1t 
1.5t-10 
1t-6 

10 Column address setup to CAS low 1t-10 
11 Column address hold from CAS low 1t 
12 Read Data valid before CAS high 2 
13 Read data hold after CAS high 0 
14 Write Data setup to CAS low 1 t-21 
15 Write Data hold after CAS low 1 t-5 
16 WEO low setup CAS low 1 t-5 
17 WEO low hold after CAS high 0 

MAX 

See Note 
See Note 

2.St -6 

1t+S 

18 OE high before WEO low 2t-5 2t+5 
19 OE low after WEO high 1 t-5 1t+S 

MCLK edge to RAS ,CAS, MA(8:0) edgedelay may be up to 40 ns 

NOTES: 
Page-mode CRT reads may be 4-32 CAS cycles. 
CPU writes use 1-4 CAS cycles in Page-mode. 
CPU reads use 4 CAS cycles in Page-mode. 

t = 1/MCLK 

AC TIMING CHARACTERISTICS 

WD90C11A 

MIN 

6t 
3.5t-6 
2.5t+6 
2.5t-9 
2t 
1t 
1t 
1.St-10 
1t-6 

1t-10 
1t 
2 
o 
1 t-21 
1t-5 
1t-5 
o 
2t-5 
1t-5 

MAX 

See Note 
See Note 

2.5t -6 

NOTES 

It is recommended that MCLK = 37.5 MHz for 80 ns DRAM with longer RAS precharge. MCLK = 40 
MHz for 80 ns DRAM with shorter RAS precharge. This can be accomplished with selected DRAMs. 

TABLE 7-1. AC TIMING CHARACTERISTICS (Continued) 
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AC TIMING CHARACTERISTICS WD90C11IWD90C11A 

• • 

RSET V 

2 3 

l J 
"- /I MD(15:0) 

4 

lOW ---~ 
--

VCLK 

PCLK 

PCLK 
(VCLK/2) 

VIO(7:O) 

HSYNC 
VSYNC 
BLNK 

MCLK J 

6 

7 

FIGURE 7-1. RESET TIMING 

1 

2 3 5 

11 12 

8 

9 t 10 }~_51t 411=-
FIGURE 7-2. CLOCK AND VIDEO TIMING 
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WD90C111WD90C11 A AC TIMING CHARACTERISTICS 

1 2 

----- 1-----

" EM EM 

3 4 
A(23:0) 
- ~ A 100 )~ ~ ?W"'~ BHE 

~ .~ 
-
EIO 

7 -L --
EOBUFL 

EOBUFH "~ 

-=---- ~ 

OIR V 

11 12 

0(15:0) - v: DATA) ~ 
13 

-- 14 15 
MWR, MRO / 
lOW, lOR ~f-+ 

16 

- HI-Z 
---t ~ /V -HI-Z ROY 

~ ~ 
--
EBROM 

-- 20 ~ WPLT --
"~ V RPLT 

22 I~ --
EBROM V 
(46E8H) ~ 

24 I~ 
VCLK1 "" V 

(3C2) 26 

-----
-- -HI-Z-~ 

----> ~ HI- Z IOCS16 X 

28 I~ -----MEMC16 - HI - Z _________ HI- Z 

FIGURE 7-3. AT MODE BUS TIMING 
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AC TIMING CHARACTERISTICS WD90C11/wD90C11A 

A(23:0) 

BHE ,EMEM 

EIO 

CDSETUP 

50,51, MilO 

EDBUFH 

EDBUFL 

DIR 

C5FB 

CDDS16 

D(15:0) 

CMD 

RDY 

EBROM 

WPLT 

RPLT 

VCLK1(3C2) 

22 

23 
24 

25 

27 

FIGURE 7-4. MICRO CHANNEL MODE BUS TIMING 
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PACKAGE DIMENSIONS WD90C11IWD90C11A 

8.0 PACKAGE DIMENSIONS 

r P1N NO. 1 (REF) 

1.103 
1.097 

.800 REF 

1-4-_____ 1.085 --..,..;/_-----.! 
1.075 / 

~--.953---~---~ 
.947 

1-4----.800 REF---~ 

~ ______ 1.1 03 _____ -I~ 
1.097 

FIGURE 8-1. 132-PIN JEDEC PLASTIC FLAT PACKAGE (PFP) 
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.953 
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WD90C111WD90C11 A 

. 180---+---i---~ 

.160 

.016 

.008 

SEATING PLANE 

[.030 
.020 

~ 
., .012 

=====L·008 

t 

~~.040 
.025 MIN. I .020 
(OPTIONAL) ----j 

PACKAGE DIMENSIONS 

32.4 DEG 
TYP 

0.061 

~ 
~ 

0.078 
0.035 

1 t 

0.010 RAD. 
TYP. 

~::::::::::::------'---4DEG 
TYP. 

FIGURE 8-2. 132-PIN JEDEC PLASTIC FLAT PACKAGE (PFP) 
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APPLICA TlONS WD90C111WD90C11 A 

APPENDIX A 

A.O APPLICATIONS 
The WD90C11 (A) applications section is divided 
into various interfaces such as processor (AT or 
Micro Channel mode), video memory, RAMDAC, 
monitor, and clock. The description and block 
diagrams are generic. No attempt is made to 
present schematic level details. Currently avail
able application notes, technical briefs, and refer
enced literature at the end of the data book 

should supplement the information provided in 
this section. The Figures A-1 through A-9 are 
shown along with their brief description on the 
subsequent pages. 

Figure A-1 highlights the various WD90C11 (A) 
Processor, memory, and 1/0 interfaces. 

WD90C11 (A) 

1. 8 BIT PC/AT WITH 8 BIT BIOS 
2. 16 BIT PC/AT WITH 8 BIT BIOS 
3. 16 BIT PC/AT WITH 16 BIT BIOS 

4. 16 BIT MICRO CHANNEL 

1. CLOCK INTERFACE 
WITH ImERNAL MUX 

2. EXTERNAL MUX 8:1 
3. EXTERNAL MUX 4:1 

EMEM 
EION 
1OCS16N 
MEMCS16N 
ROM16N 
MWAW-50 
MRDW·IO 
1OWN/-Ct.IJ 
IOAW-S1 
EDBUFHN 
EDBUFLN 
BHEN 
0(15:0) 
A(23:0) 
IRQ 
ROY 
DIR 
RSET 
EBROMN 

MCLK 
VCLKO 
VCLK1 
VClK2 

MA(8:O) 

t.IJ(15:O) 

RAS 

CAS 

WEO 

WE1 

OE 

MDET 
EXVIDN 

EXPCLKN 
VID(7:O) 

PCLK 
BLNKN 
HSYNC 
VSYNC 
RPLTN 

WPLTN 

FIGURE A-1. WD90C11 (A) INTERFACES 

11/22/91 

CONFIGURATION ImERFACE 

512 K DRAM ImERFACE 

1. RAt.lJAC ImERFACE 
2. t.«lNITOR DETECT ImERFACE 
3. AUXILIARY VIDEO CONNECTOR 
4. FEATURE CONNECTOR 
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WD90C11/WD90C11 A APPLICATIONS 

Figure A-2 shows a block diagram of the 
WD90C11 (A) with 8 bit PC/AT interface using 8 bit 
BIOS. The system data bus SD(7:0) and address 

bus SA(19:0) are shown along with associated 
buffers and BIOS ROM. 

27256-15/20 

SA(14:0) -+ A(14:0) D(0:7) 

SA(19:0) 

SD(7:0) 041---+ 

RESET 
AE 

-REFRES 
N 
H 

-SMEM R 
-ShAEhA W 

-SIO R 
-SIO W 

IR Q 

OE CE 
() I 

I 

'245 

~ 
G DIR 

1 t 

I--

~ 

WD90C11 (A) 

hlD(15:8) 

~ 
2561< )( 4 

1AO(7:0) 0(0:4) 

w.(8:0) 1'1(9:8) I--' 
RASH "'" t--
CASN m r-

EBROMN OEN Ill' I--
WEON " '---- '-

~J A(23:20) :.:'~ ~ 
0<1'1:8) 

~: A(19:0) r--.1lI' -
L...,.~ 

WEIN '-

TORAMDAC 

I EXPCLKN C 
FO PCLK EN 
AN 

0(7:0) 
VlO(7:0) 

T E 
UC 

EXVlON R T 
,- EO 

OIR R 

EOBUF1.N 
RSET 

'LS126 -EION 
EMEN 

HSYNC r----!=c:= t.ARON 
MWRN 

VSYNC r----!=c:= lORN 
IOWN 
IRQ BLNKN r----tc= 

FIGURE A-2. 8-BIT PC AT INTERFACE WITH 8-BIT BIOS 
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APPLICA TlONS 

Figure A-3 illustrates 16-bit PC/AT interface with 
8-bit BIOS using WD90C11 (A). For 386 systems, 
the processor data bus SD(15:0), and the system 

-IAEIAC 516 

WD90C11IWD90C11 A 

address bus SA(19:0) are shown. Associated ad
dress and data bus buffers and BIOS ROM are 
also shown in it. 

-Voc 516 Ll WD90C11 (A) 
.4 DAAM OPTION "" """" 1iD911Cll AND ,-- "'I 

27256-15/20 

SA(14 :~ A(14:0) 0(0:7) 

SA(16:0) 

LA(23: 17) 

50(15:6 )-

50(7:0 )-

RESET 
AEN 

-RE fRESH 
SMEMR 

-5 t.lEMW 
-SIOR 
-SlOW 

IRQ 
58HE 

IOCSl6N 
MEMCSl6N 

OE CE 
() y 

'245 

~ 
G OIR 

t L-

'245 

~ 
G OIR 

f • 

IAEMCS16 
IOCS16 10(15:8) 

-

110(7:0) 
MA(a:o) 

RASH 
E8ROM CASH 

OEN 

A(16:0) WEON 

A(23:17) 

0(15:6) 

WEIN 

ED8UfH 
EXPCLK 

PCLK 

0(7:0) VlO(7:0) 
EXVll) 

DlR 
ED8UFL 
RSET 
EION 
EMEN HSYNC t.lRDN 
MWRN 

VSYNC lORN 
IOWN 
IRQ 8lNKN 
8HEN 
IDCSl5H 
MEMCSl5H 

r--;;;;-
I "'" " 
I D(0:4) 

A(B:B) 

0;;;;- "" "'" " em 

'" 0(0:4) r-r-" At0:81 '---

"" I ........ cos I-

'" r- I "'" " 
" - '-f- I- 0(8:4) 

~J 
A(B:6) 

"" "'" " 

~:::M f::r=: 
f-I-" 

'----
~: 
4" 

r"MMO~ 
FO 
EN 
AN 
T E 
UC 
RT 

+5V - EO 
R 

4,7K 
r--~ 

~ 
'LS126 EXSY 

~ 
TO MON 

TO MON 

I 
I 
I 
I 

....J 

ITOR 

ITOR 

~ C) (RAlAOA 

FIGURE A-3.16-BIT BIOS PC AT INTERFACE WITH 8-BIT BIOS 
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WD90C11IWD90C11A APPLICA nONS 

For systems that do not meet hold time of LA 
address valid from falling edge of MEMR or 
MEMW, then pull MD8 down and connect LA ad
dresses and SA addresses as shown in Figure 

A-4. This applies to most 286 systems. Otherwise, 
connect LA addresses and SA addresses as 
shown in Figure A-5. This applies to most 386 
systems. 

13-98 

LA[23:17] 

SA[16:0] 

LA23---4,. 
LA22----\ 
LA21----i 
LA20--~ 

A[23:17] 

A[16:0] 

(b) 

M08 

WD90C11 (A) 

}------I A23 

LA19- A22 
LA 18 - A21 M081------. 

LA17- A20 

SA(19:0) A19:0 

(a) 

FIGURE A·4. WD90C11(A) INTERFACE FOR 286 OR 386·BASED SYSTEM 
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APPLICA TlONS WD90C11/wD90C11A 

Figure A-5 describes a 16-bit PC/AT interface with 
16-bit BIOS ROM implementation using the 
WD90C11 (A). The system data bus SD(15:0), 
address and data bus buffers are presented. Also, 

MEMCS16 implementation is limited to certain 
bus speeds as SA 15 and SA 16 are used for the 
16-bit BIOS. Refer to Figure A-4 for 286-based 
systems. 

1A(23:17) 
50\(16:0) 

50(15:8) 

WD90C11 (A) 

110(15:8) 

.... 
""' .. 

; 110(7:0) D(8:41 

III 1lA(8:0) A(a:8) 

RASH "" CASH "" OEN IE 

WEON ill: 

EBROIIN 

0\(23:17) 

A(16:O) 

0(15:8) 

WE1N 
E08UI"HN 

EXPCLKN 
PCLK 

HTlH 

VlD(7:0) 
EXYlDN 

0(7:0) 
HSYNC 

'LS'26 

DR \/SYNC 

EIl8UFLN BLNKH 
ROII16N 

RESET RSET 
AEN [ION 

-REFRESH EUEN 
-SUEIIR IIRDN 
-SIlEIoIW IIWRN 

-SIOR lORN 
-SlOW !OWN 

IRQ IRQ 
-SBHE BHEN 

-UEIoICSI6 UEUCS'6H 
-IOCSI6 IOCS'6N 

FIGURE A·5.16·BIT PC AT INTERFACE WITH 16-BIT BIOS 
(With Optional 512 KBytes: 4- 256K by 4 DRAM) 
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WD90C11IWD90C11 A APPLICA TlONS 

Figure A-S illustrates the WD90C11 (A) and 1S-bit 
Micro Channel interface. 3C3.D0 is output of port 
3C3H bit 0 VGA Subsystem Enable Register. 

WD90C11 (A) 

MADE24-------t EM EM 

SA(2~:17) -------... A(23:17) 

SA(16:0) A(16:0) r -'24; - l SEE NOTE 

I ~ I 
50(15:8)......... l.<:)J .... -1-:----......... 0(15:8) 

I G DIR I 
I V .~_I::--""'1-_--1 OIR 
I I I EOBUFHN 

'245 I 

EXPCLKN .... --1 
PCU< 1----1"" 

L. 4-l>4 I 
SO(7:0) l.<:)J ...-..:........-+-____..0(7:0) 

I G OIR I 
Vl0(7:0) 1--...... 
EXVIONM---I 

C 
FO 
EN 
AN 
T E 
UC 
RT 
EO 

R .... _ .. 
L -1-+- J 

EOBUf1..N 
RESE:r -------IIo4R$E:r ) 
3C300 EION 'LS128 ~> -SBHE BHEN , 
W/-IO WRON-iC: 

-SO MWRN HSYNC HSYNC 
-S1 10RN--R= 

-CWO 10WN VSY'NC VSYNC 
-CooS1S MEMCS16N 
COSFDBK EBROWN BLNICN ~ Blank 

-CDSETUP IOCS16N L."C...-
-IRQ 4-------tl~RQ~ ____ J - ExSync 

FIGUREA-6.16-BIT MICRO CHANNEL INTERFACE 
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APPLICA TlONS 

Figure A-7 illustrates the WD90C11 (A) and RAM
DAC interface block diagram for analog monitors. 

SD(7:0) WD90C11 (A) 
SAO 
SA1 

WPLTN 
RPLTN 

f +5V 

VREF 
~ t 

MDET/FSADJ 
R1 

R2 
>00 t 00 ~ RSET 

9 

PCLK 
VID(7:0) 

BLNKN 

HSYNC 
VSYNC 

R 
G 
B 

WD90C111WD90C11 A 

RAMDAC 

D(7:0) 
RSO 
RS1 
WRN 
RDN 

VCC 

VREF 

FSADJ 

CRT 
GND 

1 ~R 

MDET 

... PCLK 1 
G 

.. P(7:0) .. BLANKN B 

HSYNC 
VSYNC 

FIGURE A-7. WD90C11(A} WITH RAMDAC INTERFACE 
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WD90C111WD90C11 A APPLICA TlONS 

Figure A-8 illustrates the WD90C11 (A) and TTL 
monitor connections. 

2. MD(1S:12) may also be connected as the 
EGAswitches if desired. See PR register 
and Pin out sections for more details. NOTES: 

1 . VGAlTIL switch may be used to disable 
HSYNC and VSYNC for Analog or TIL 
Video connector. 

WD90C11(A) 

3. For AT applications using the WD90C11 (A), 
install the IR09 resistor. 

4. Transistor 2N2222A is used to emulate a 
Monochrome and a Color Display 
connection. 

IRQ 1----------..... IRQ9 
TO VIDEO 
CONNECTOR 

DA7 

DAO 

DA3 

DA2 

HSYNC J----.,... '244 1----------11 .. 8 HSYNC 
VSYNC 9 VSYNC 

VID(S) 1---+1 
VID(4) J----... 
VID(3) 1---+1 
VID(2) J----... 
VID(I) 1---+1 
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APPLICA T/ONS 

Figure A-9 illustrates the WD90C11 (A) with exter
nal oscillators at the clock pins configured as in
puts. The clock selection is determined by register 
3C2H bit 3 and bit 2. It is described by the table 
below: 

3C2H 3C2H CLOCK SELECTION 
81T3 81T2 
0 0 VCLKO 
0 1 VCLK1 

1 X VCLK2 

37.5 OR 42 MHZ 

25.175MHZ 

28.322 MHZ 

35 MHZ OR EXT. CLOCK 

WD90C111WD90C11 A 

The Configuration register Bit 3 (MD3) should be 
tied low to make the WD90C 11 (A) signal pins 
(VCLK1, VCLK2) inputs. 

WD90C11 (A) 

MCLK MD3 

11 VCLKO 

VCLK1 

VCLK2 

-

FIGURE A-g. CLOCK INTERFACE 

74LS151 

14 
4 0 

EXTCLK3 
3 1 WD90C11(A) 

EXTCLK2 
2 2 42 OR 37.5 

44.9 
1 3 MCLK 

25 MHz 
15 4 

28 
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EXTCLK1 
13 6 

36 
12 7 VCLK1 

VCLK2 

A B C 

11 10 9 

DA3 

DA2 

FIGURE A-10. EXTERNAL VIDEO CLOCK MULTIPLEXING 
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WD90C111WD90C11 A SIGNATURE ANAL YZER (WD90C11 A Only) 

B.O SIGNATURE ANALYZER (WD90C11A Only) 
A signature analyzer was designed for use in the 
WD90C11A only. The primary purpose of the sig
nature analyzer is to aid in IC test and board level 
test. The signature analyzer allows the video out
put path to be included in diagnostics. Signature 
analysis is a method of compressing large 
amounts of data to be compared. Each video 
frame (video data and mode dependent) has a 
unique signature capable of detecting single bit 
errors. 

B.1 DESCRIPTION 

The basis of the signature analyzer is a linear 
feedback shift register (LFSR). The inputs to the 
LFSR tap onto the VIDJO:7] output of the IC. The 
signal path of the video outputs is not modified by 
adding the signature analyzer. A block diagram is 
shown below. The primary variables in designing 
a signature analyzer are length of the shift register 
and the feedback terms to be used. The length 
will affect the probability of masking an error. The 
chance of masking an error is approximately one 
half where n is the length of the shift register. A 
16-bit signature register is used on the 
WD90C11 A. Selection of an optimal feedback 
polynomial will depend on the type of errors ex-

v_a V_1 V_2 V_3 V_4 

l4[rr{}-[~{}l 
n := 1 

pected. The CRC-CCITT polynomial (x16 + x12 + 
x5 + 1) has been implemented on the WD90C 11 A. 
It was modified for multiple inputs as shown in the 
block diagram. 

B.2 OPERATION 

The signature analyzer was designed to collect 
signature of the VIDJO:7] outputs over one verti
cal frame. The signal path of the VIDJO:7] has 
not been altered. The signature analyzer register 
(LFSR) is enabled at the falling edge of the inter
nal VSYNC (before polarity selection) if the start 
bit is high. The following rising edge of the 
VSYNC signal will disable the LFSR. In the case 
of interlaced operation, signature is collected from 
the beginning of the even field to the end of the 
odd field. The signature analyzer contains a 4-bit 
control register PR19 (address 3?5.3F). Power
up-reset clears this register to OOH. This register 
has both read and write locks. The read lock 
originates from PR10 Bits 7 and 3. The write lock 
originates from PR10 bits 2 through O. PR10 also 
serves as the lock for other registers. 

n = 16 

FIGURE 8-1. LINEAR FEEDBACK SHIFT REGISTER 
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SIGNATURE ANALYZER (WD90C11A Only) WD90C11/wD90C11 A 

BIT FUNCTION READ/WRITE DESCRIPTION 

a Start/status RIW Writing "1" to this bit position enables the signa-
ture analyzer to collect a signature at the falling 
edge of the next vertical sync pulse. This bit 
may be read to check status if the read lock is 
disabled. 
1: Busy 
0: Finished or not enabled 

1 Clear RIW Writing "0" to this bit position preloads the LFSR 
with 0001 H. This bit must be set to operate the 
signature analyzer. 
1: Normal operation 
0: Preload LFSR 

2 Disable Video Input R!W This bit is used in a self-test mode. A fixed sig-
nature will be generated for any given mode (in-
dependent of video memory data). 
1: Disable video inputs 
0: Enable video in[Juts 

3 Lock Read Port RIW This bit must be set in order to read the signa-
ture and status. 
1: Enable read of LFSR (addresses 375.20 and 

375.21) 
0: Disable reads of LFSR 

TABLE B-1. CONTROL REGISTER PR19 

The following programming steps highlight the sequence that will setup, check and read the signature. 

Step 1) 85H-> 375.29; release control register (PR1 O)read and write lock 

Step 2) OOH-> 375.3F; clear signature analyzer 

Step 3) 03H-> 375.3F; enable signature analyzer to collect signature 

Step 4) read 375.3F; check status to check for busy 

if LSB = 1 go to step 4) 
if LSB = 0 signature is collected, proceed 

Step 5) OAH-> 375.3F; enable signature analyzer read port 

Step 6) read 375.20; read low byte of signature 

Step 7) read 375.21; read high byte of signature 

Step 8) OOH-> 375.3F; clear signature analyzer and lock read port 

11122191 13-105 
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C.O 1/0 MAPPING (WD90C11A Only) 
C.1 INTRODUCTION 

The I/O Mapping was designed for use in the 
WD90C11A only to isolate board level solder 
defects. The I/O Mapping allows the IC to enter a 
test mode where all of the pins in the IC are 
divided into various groups as inputs and output. 
The path from PCB trace through inputs, IC, out
put and PCB trace can be treated as a simple 
path. With test points on board, quick opens and 
shorts test can be performed. 

C.2 TEST MODE 

There are four requirements to meet for the 
WD90C11A to enter the I/O Mapping test mode. 

• MWRN is LOW 
• lORN is LOW 
• CONFIGURATION SWITCH 2 is HIGH 

(MD2 is pulled high) 
• RESET is HIGH 

MWR __ --\ 

lOR __ --I 

CNFN_2 -----/ 

I/O MAPPING (WD90C11A Only) 

If both MWRN Aand lORN are low at the same 
time, it becomes an illegal condition in. AT 
machines and a reserved condition in the PS/2 
machines. Configuration switch 2 high will ensure 
that WD90C11 A is in AT mode. Reset controls a 
transparent latch as shown in Figure C-1. Reset 
can be dopped low to latch the test mode. All the 
bidirectional pins are forced to input mode when 
in the test mode. 

C.3 PIN GROUPINGS 

The following pin groups are done to minimize 
routing overhead of I/O pin mappings. Multiple 
input pins in a row are ORed together to the out
put shown in the following table. The input 
column lists the input pin number(s) along with the 
signal name(s). The output column lists the out
put pin number along with the pin name that cor
responds to the input pin(s). 

D 
tesCmode 

RESET 

FIGURE C-1. TEST MODE CIRCUIT 
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I/O MAPPING (WD90C11A Only) WD90C11IWD90C11 A 

INPUT PINS OUTPUT PINS 

PIN NAME PIN NAME 

P1 + P4 + P7 A14 + A17 + A20 P16 IRQ 

P2 + P5 + P8 A15+A18+A21 P18 EBROM 

P3 + P6 + P9 A 16 + A 19 + A22 P20 ROY 

P10 + P13 + P31 A23 + EIO + 011 P21 MEMCS16 

P11 + P14 + P24 BHE + IOCS16 + 013 P22 EOBUFH 

P12 + P26 EM EM + 015 P23 EOBUFL 

P27 + P30 014 + 012 P24 ROM16 

P32 010 P25 HTL 

P33 09 P64 WEO 

P34 08 P62 RAS 

P35 07 P65 OE 

P36 06 P59 MA7 

P37 05 P58 MA6 

P38 04 P57 MA5 

P39 03 P56 MA4 

P40 02 P43 WE1 

P41 01 P55 MA3 

P42 DO P54 MA2 

P45 MRO P53 MA1 

P46 MWR P52 MAO 

P63 CAS P60 MA8 

P66 + P69 + P72 M015 + M012 + M09 P86 USRO 

P67 + P70 + P73 M014 + M011 + M08 P87 USR1 

P68 + P71 + P74 M013 + M010 + M07 P89 BLNK 

P75 + P78 + P81 M06 + M04 + M01 P90 VSYNC 

P76 + P79 + P82 M05 + M03 + MOO P91 HSYNC 

P80 + P94 + P96 M02 + VCLK2 + VCLK1 P92 RPLT 

P84 + P98 EXPCLK + MCLK P93 WPLT 

P97 VCLKO P88 PCLK 

P109 + P132 EXVIO +A13 P100 VI DO 

P112 + P126 MOET +A8 P105 VI05 

P117 + P127 AO+A9 P104 VI04 1m 
P118+P128 A1 + A10 P103 VI03 

P119+P129 A2 +A11 P102 VI02 

P120+P130 A3 +A12 P101 VI01 

P121 + P124 A4+A6 P107 VI07 

P122+P125 A5+A7 P106 VI06 
NOTE: A + In the Input column indicates an OR function for the test Input pinS only. 

TABLE C-1. WD90C11A PIN SCAN MAP 
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INTRODUCTION 

1.0 INTRODUCTION 
This data sheet applies to both the WD90C20, 
and WD90C20A. The WD90C20A is a 0.9 micron 
version of the WD90C20 VGA controller chip. 

For convenience all references to these two 
devices will be referred to as the WD90C20. 
When a particular feature is available only on one 
of these devices, it is called out in the text. 

See Appendix F for a detailed explanation of the 
differences between the WD90C20 and the 
WD90C20A. 

1.1 DESCRIPTION 

The WD90C20 is a VGA display controller that 
has been optimized for applications that require 
flat panel display support. It is an extension of the 
WD90COO and as such supports all of the 
WD90COO's features and modes when driving a 
standard CRT. The WD90C20's highly integrated 
design includes a complete Micro Channel or AT 
compatible bus interface, as well as an on-chip 
PS/2 compatible RAMDAC with integral monitor 
detection logic. 

The WD90C20 is a VGA controller for up to 640 
by 480 plasma and LCD display applications. It 
provides complete flat panel display subsystems 
for Micro Channel and AT compatible interfaces 
and has expanded Micro Channel compatibility. 

The WD90C20 is 1.25 micron device and the 
WD90C20A is a 0.9 micron CMOS device. 

WD90C20/WD90C20A 

1.2 FEATURES 

• On-chip Micro Channel interface 
• On-chip 8- or 16-bit AT bus interface 
• Direct interface with CRT and flat panel 

displays (monochrome and color TFT 
LCD) 

• On-chip frame rate modulation logic 
• Supports all functions of WD90COO VGA 

chip in CRT mode 
• 32-shade gray scale mapping 
• Software-selectable vertical screen 

centering 
• Hardware vertical expansion(WD90C20Aj* 
• On-chip PS/2 compatible RAMDAC' 
• On-chip monitor detection logic 
• 32 MHz maximum LCD video clock 

(WD90C20) 
36 MHz maximum LCD video clock 
(WD90C20A) 

• 45 MHz maximum CRT video clock 
• Flexible power management features' 
• Vcc may be removed in powered system 
• 256 out of 512 color support for DSTN 

color LCD( WD90C20) 
256 out of 4K color support for DSTN 
color LCD (WD90C20A ) 
8 or 512 color support for TFT color LCD 

• Four powerdown modes 

• Patent pending 

ADVANCED INFORMATION 11/25/91 14-1 
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2.0 THEORY OF OPERATION 
The WD90C20 contains six major functional 
modules. In addition to the CRT controller, there 
is a sequencer, a graphics controller, an attribute 
controller, a flat panel interface, and a RAMDAC. 
The WD90C20 handles all display buffer manage
ment functions, including display refresh cycles, 
memory refresh cycles, and the arbitration and 
sequencing of host access cycles. 

• Sequencer 
The sequencer provides the display memory con
trol signals and timing. It also provides the 
synchronization between the CRT controller and 
the attribute controller. The sequencer controls 
the arbitration between the CPU cycle and the 
CRT cycle, or the CPU cycle and the memory 
refresh cycle. 

• Graphics Controller 
The graphics controller manages data flow be
tween video memory and the attribute controller 
during active display (non-blanked) periods. It 
also controls system microprocessor reads from 
and writes to the video memory, using the time 
slots defined by the sequencer. 

• Attribute Controller 
The attribute controller modifies the CRT display 
data stream in graphics and character modes. It 
controls display attributes such as blinking, under
lining, cursor, scrolling, reverse video (as well as 
background or foreground video) in VGA and en
hanced VGA BIOS modes. 

• Flat Panel Adapter 
The flat panel adapter section includes color-to
gray scale mapping', a dithering mapping RAM, a 
dithering engine, a row buffer', shading control', 
and panel interface logic. 
• Patent pending. 

• RAMDAC 
The WD90C20's on-board RAMDAC is a low 
power, PS/2-compatible device with special 
power-down modes and PS/2 monitor detection 
logic. 
The RAMDAC's 256 by 18 color look-up table has 
triple 6-bit D/A converters, a pixel mask register, 
and composite blank generation on the three 
channels. It also supports the use of an external 
voltage reference. Without external buffering the 
RAMDAC will generate RS-343A-compatible 
video signals into a doubly terminated 75 ohm 

THEORY OF OPERATION 

load or a 50 ohm load. Integral and differential 
linearity errors are a maximum of ± 1/2 LSB. 

2.1 WD90C20 INTERFACES 

The WD90C20 has five main system interfaces: 
the CPU, a display memory, a RAMDAC/CRT, a 
clock, and a flat panel display. In most implemen
tations, these interfaces eliminate the need for 
glue logic. 

• CPU Interface 
The WD90C20 host interface supports both the 
AT and Micro Channel buses with both 8- and 
16-bit data path widths. The WD90C20 may also 
be directly connected to the bus if drive require
ments permit. The bus mode is determined by 
the status of the configuration register bit, CNF(2), 
which is loaded by the de-assertion of reset. The 
value that is loaded reflects the status of one of 
the memory data pins at reset. 
I/O transfers to and from the device are 8-bits 
wide, and display memory transfers are 8- or 16-
bits wide, depending on the video mode selected. 
Because of their architecture, EGA type planar 
modes are restricted to 8-bit display data trans
fers. Text and 256 color extended modes allow 
16-bit transfers on a 16-bit bus. 

The controller generates wait states as required 
during display memory accesses. Wait states are 
not generated for I/O or video BIOS ROM acces
ses. Special I/O ports, such as 46E8H (when in 
AT bus mode) for setup, and 102H for VGA 
enable, are internally implemented. 
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• Display Memory Interface 
The WD90C20 generates all signals and memory 
timing required to operate the display memory. It 
directly controls three display memory sizes, 256 
Kbyte, 512 Kbyte, and 1 Mbyte, as follows: 

MEMORY NUMBER AND TYPE OF 
SIZE DRAM REQUIRED 

256 Kbytes 8 64 Kbyte by 4 DRAMs, or 
264 Kbvte bv 16 DRAMs 

512 Kbytes 1664 Kbyte by 4 DRAMs*, or 
4 64 Kbyte by 16 DRAMs 

1 Mbyte* 864 Kbyte by 16 DRAMs, or , 
8 256 Kbyte by 4 DRAMs 

* Requires minimal support logic. 

Page mode memories are required for all con
figurations. With a 36 MHz memory clock 
(MCLK), 120 ns devices may be used. If 256 
color CRT modes are to be supported, 100 ns 
DRAMs and a 45 MHz MCLK are required. The 
WD90C20 includes special offset registers that 
allow the host to address up to 1 Mbyte of display 
memory. 

• CRTIRAMDAC Interface 
In addition to its internal RAMDAC, the WD90C20 
allows the use of an external RAMDAC. This is 
helpful in specialized applications where a 24-bit 
wide color lookup table or pixel demultiplexing (to 
obtain higher video rates) is required. The exter
nal RAMDAC interface will support any 
Bt471 1478/476 compatible device. 

• Clock Interface 
The WD90C20 has four clock input signal pins. 
Three of these (VCLKO, VCLK1, and VCLK2) are 
normally connected to oscillators. VCLK1 and 
VCLK2 may be configured to control an external 
clock multiplexor or clock generator, such as the 
WD90C61. In this configuration, VCLKO becomes 
the clock input while VCLK1 and VCLK2 become 
outputs used to drive the multiplexor select inputs. 

The memory clock input, MCLK, is used by the 
internal logic to generate all memory timing and 
may be up to 36 MHz for 120 ns DRAMs or 45 
MHz for 100 ns DRAMs. 

THEORY OF OPERATION 

• Flat Panel Interface 
The WD90C20 is designed to interface with 640 
by 480 LCD or plasma panels. The flat panel 
interface lines change function to support the 
specific panel type chosen. Table 2-1 sum
marizes their use for each mode of operation. 

When in LCD mode, with frame rate modulation 
selected, the controller supplies eight pixels per 
shift clock (four for the upper panel, and four for 
the lower). If pulse width modulation is selected, 
the controller provides two pixels per shift clock 
(one 4-bit pixel for the upper screen, and one 4-bit 
pixel for the lower screen). 

When in Plasma mode, pulse width modulation is 
used to provide shading, while the controller sup
plies one pixel (four bits per pixel) per clock. 

When in color STN LCD mode, the controller sup
plies two pixels per shift clock and uses hardware 
dithering. Each pixel (three bits, one each for R, 
G, and B), with dithering, provides 16 colors. The 
user can select: 

- 256 out of 512 colors (WD90C20) 
- 256 out of 4K colors (WD90C20A) 

LCD PLASMA CRT 
UD (3:0) VD (3:0) P (7:4) 

LD (3:0) Reserved P (3:0) 

FR Reserved BLANK 

FP VS VSYNC 

LP HS HSYNC 

XSCLK XSCLK Reserved 

WGTCLK ENABLE Reserved 

Reserved Reserved PCLK 

TABLE 2-1. DISPLAY INTERFACE OUTPUT 
FUNCTIONS 
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MONOCHROME 
LCD 

UD (3) 

UD (2) 

UD (1) 

UD (0) 

LD (3) 

LD (2) 

LD (1) 

LD (0) 

COLOR LCD 
Device 

R1 

G1 

B1 

Border Information 

R2 

G2 

B2 

Reserved 

WD90C20/WD90C20A 

• Powerup Configuration 

An internal 8-bit configuration register, CNF, con
trols the behavior of the major interfaces. Its bits 
are loaded with the inverted state of memory data 
lines 0 through 7 at the time RESET is deas
serted. Puflup or pufldown resistors on the MD 
lines are used to set the configuration. 

TABLE 2-2. LCD DATA BIT ASSIGNMENTS 
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3.0 FLAT PANEL SUPPORT CONSIDERATIONS 
Supporting VGA compatible graphics on flat panel 
displays involves several non-trivial issues, in
cluding: 

• Display liming Differences 
• Screen Size Mapping 
• Color-to-Gray Scale Mapping 
• Shading Mechanics 
• Split Screen Refresh 

The following paragraphs address each of these 
issues. 

• Display Timing Differences 
Typically, flat panel displays have different timing 
requirements from a CRT. To overcome this prob
lem, the WD90C20 provides a set of hidden dis
play timing registers, which are read/write 
protected in locked mode. 

• Screen Size Mapping 
Unlike those of a CRT, the pixels on a flat panel 
display are real, discrete entities of a fixed size. 
This can result in problems when different display 
modes are mapped onto a single panel. The 
WD90C20 has been designed to support VGA 
and various backward compatible display modes 
on a 640 by 480 dot flat panel and it provides 
integral hardware support to deal with screen size 
incompatibilities. 

""'" 
640 • 0(' 

t 

In case of backward compatible display modes, 
such as EGA, which has a maximum resolution of 
640 by 350, the vertical resolution of the mode is 
less than the number of dots of vertical resolution 
of the panel. This results in an active display area 
that is smaller than that of the panel and shifted 
up on the display, as shown in Figure 3-1 (A). 
There are two ways to enhance screen size map
ping as described below. 

The simplest approach, supported by the 
WD90C20 is to keep the vertical resolution of the 
display mode constant but center the active dis
play area vertically on the panel. In the case of 
an EGA 350 line mode being displayed on a 480 
line panel, this would involve shifting the active 
display area down 65 lines (that is, 480 minus 
350, the quantity divided by two). The effect of 
such a mapping is shown in Figure 3-1 (8). 

If the goal is to have the active display area fill the 
panel in all modes, then the active display area 
can be expanded by double scanning a portion of 
the active scan lines. Previously available con
trollers simply double scan lines at regular inter
vals, every third line in the case of EGA 350 line 
modes. 

The WD90C20A uses an advanced proprietary al
gorithm that automatically expands to fill all 480 
lines*. This algorithm can be used to support 
better "screen scrolling" when in 350 line modes. 

* Patent pending on Hardware Vertical Expansion. 

640 • 0(' 640 • 
I I I 350 Active Area t Active Area Active Area 

t 480 350 480 480 

~ t t t 
A. No Centering or Expansion B. Vertical Centering C. Vertical Expansion 

FIGURE 3-1. EXAMPLE OF SCREEN SIZE MAPPING 
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Under certain display conditions, any expansion 
scheme can result in undesirable aliasing effects 
of the displayed data. For this reason the 
WD90C20A allows the system designer flexibility 
to choose between vertical expansion or center
ing as shown below. 

CENTERING VERTICAL 
EXPANSION 

WD90C20 y N 
WD90C20A Y Y 

Horizontal resolution issues involve 720 dot 
modes such as VGA text and Hercules graphics. 
In VGA text mode, the 9th dot in each character 
box is dropped. The net effect is a slight com
pression in the spacing between characters. Alter
natively, a different font may be loaded, although 
a nonstandard font size may not be fully com
patible. 

• Color-to-Gray Scale Mapping 
The VGA standard defines how colors are 
mapped to 64 gray scale values on monochrome 
monitors. The mapping is based on the following 
RGB weighting equation: 

1= .30R + .59G + .11B 

Unfortunately, many of the currently available 
panels support at most sixteen shades and some 
only support two. In order to provide faithful sup
port of all of the standard VGA modes on a flat 
panel, the WD90C20 provides a range of features 
to map colors to intensities and control panel 
shading. Foremost among these is sophisticated 
logic that converts gray scale values into dithering 
patterns. Additionally, the device allows software 
modification of the weighting values used in the 
gray scale mapping equation. Figure 3-2 gives an 
overview of the color-to-gray scale support 
provided by the WD90C20. 

WD90C20/WD90C20A 

• Shading Mechanics 
The WD90C20 supports shading via either frame 
rate or pulse width modulation. Pulse width 
modulation is handled via the display panel. The 
controller transfers 2, 3, or 4 bits per pixel to the 
driver logic on the panel, along with a high speed 
clock Signal used to sequence the shading logic. 
Frame rate modulation, on the other hand, must 
be implemented in the display controller. The 
WD90C20 provides support for 2, 4, 8, 16, or 32 
shade frame rate modulation with its integrated 
dithering controller. Any combination of dithering 
patterns can be selected via the dithering control
ler's mapping RAM. This design allows the 
WD90C20 to provide flicker-free frame rate 
modulation with frame rates as low as 70 Hz. 

• Split Screen Refresh 
The WD90C20 provides support for panels that 
are split into upper and lower panels requiring 
simultaneous refresh. This type of refresh is typi
cally used by non-active matrix LCDs. 
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4.0 SIGNAL DESCRIPTION 
Figure 4-1 illustrates the 132 plastic flat pack 
(PFP). 

Table 4-1 lists all pins referenced in Figure 4-1 
and provides a detailed description of each signal. 

17 15 10 5 127 122 117 

18 116 

U 114 

23 

109 

28 

104 

33 WD90C20 99 

38 

94 

43 

89 

48 

50 84 

51 56 61 66 71 76 81 83 

FIGURE 4-1. 132-PIN PFP (TOP VIEW) 
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WD90C20lWD90C20A SIGNAL DESCRIPTION 

PIN MNEMONIC I/O DESCRIPTION 

POWERON 

42 RESET I Reset 
This signal input will reset the WD90C20. MCLK and VCLKO 
should be connected to the WD90C20 in order for the WD90C20 
to initialize during reset. Western Digital Imaging Registers, PRl 
and CNF, are initialized at powerup reset based on the logic level 
on the MD15-0 bus as determined by pullup/ pulldown resistors. 
The reset pulse width should be at least ten MCLK clock periods. 

CLOCK SELECTION 

96 VCLK2 110 Video Clock 2 
This pin can be a third video display clock input or an output to the 
external clock selection module. Pin direction is programmed 
simultaneously with that of VCLK1. It acts as either a user-defined 
external clock input, or as an output reflecting the content of bit 
PR2(1) if CNF (3) is set to 1. Refer to the Configuration Register 
description. MCLK should be greater than or equal to selected 
VCLK. 

97 VCLKl I/O Video Clock 1 
This pin can be a second video display clock input or an output to 
the external clock selection module. Pin direction is determined on 
reset by a pullup/down resistor on pin MD3. A VCLK1 input fre-
quency of 28.322 MHz is used to display 720 pixels per horizontal 
line. When it is an output, VCLK1 is an active low pulse during I/O 
writes to port 3C2H. Refer to the Configuration Register descrip-
tion. MCLK should be greater than or equal to selected VCLK. 

98 MCLK I Memory Clock 
This clock signal determines the VGA graphics mode video DRAM 
read/write access timing as well as system micro-processor 110 
and memory timing. MCLK should be approximately 36 MHz for 
120 ns DRAMS, and 45.0 MHz for 100 ns DRAMS. 

99 VCLKO I Video Clock 0 
This input is the video display clock for alphanumeric and graphics 
display modes. Typically, VCLKO is 25.175 MHz to display 640 
pixels per horizontal display line. MCLK should be greater than or 
equal to VCLKO. The Miscellaneous Output Register bits 2 and 3, 
both set to 0, will select this clock if VCLK1 and VCLK2 are used 
as inputs. 

HOST INTERFACE 

1 - 2 SA15 - SA16 I Address Bus (SA 16-SAO) 
117 - 122 SAO - SA5 These active high inputs form the lower order 17 bits of video 
124 -132 SA6 - SA14 memory address. These inputs are directly connected to the sys-

tem bus. 

TABLE 4-1. SIGNAL DESCRIPTION 
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SIGNAL DESCRIPTION WD90C20/WD90C20A 

PIN MNEMONIC 1/0 DESCRIPTION 

HOST INTERFACE 

3-5 LA17 -LA19 I Unlatched Address Bus (LA19 -LA17) 
These active high inputs form the high-order three bits of video 
memory address. These addresses are not decoded during I/O 
accesses in AT or Micro Channel modes. These inputs are directly 
connected to the system bus. 

6 SBHE I System Byte High Enable 
If SAO is "0", this signal is used to enable 16-bit data transfer 
mode when SBHE is "0". With SAO, this signal is also used to 
select hiQh byte data (SD[15:8l) or low byte data (SD[7:0j). 

7 ENMEM I Enable Memory 
This line is driven by external decode logic. In AT mode, this sig-
nal is decoded by LA23 - LA20 and REFRESH. In Micro Channel 
mode, this signal is decoded by LA23 - LA20 and MADE24 ("1" = 
enable). 

8 EI0/3C3DO I Enable 1/0 
In AT mode, this active low signal is used to enable 110 address 
decoding and is connected directly to the system bus signal AEN 
(address enable). In Micro Channel mode, this line is from 110 port 
3C3 bit 0, and enables video subsystem memory and I/O address 
decoding ("1" = enable). 

11 ALE I ALE 
CDSETUP In AT mode, this line is ALE; in Micro Channel mode, it is driven by 

the host to individually select channel connector slots during sys-
tem confiQuration and error recovery procedures. 

12 IRQ/ IRQ 0 Interrupt Request 
Programmable processor interrupt request. It is enabled via Bit 5 
in the Vertical Retrace End register. It is active high in AT mode 
and active low in Micro Channel mode. When the end of the verti-
cal display occurs, this signal goes active, causing an interrupt. It 
will stay latched until CRTC11 Bit 4 clears it. In an AT system IRQ 
is not connected, although you may connect it if you desire. IRQ9 
is used to generate an interrupt in Micro Channel mode. For fur-
ther details, see the reference literature. 

13 EBROM 0 Enable BIOS ROM 
CDSFDBK In AT mode, this is an active low signal to enable BIOS ROM 

(COOOOH - C7FFFH) if enabled by PR1 (0). It is not active for ac-
cess to addresses in the range C60000H-C67FFH, but this ad-
dress range may be mapped-in by setting PR17 (0) = o. A write to 
the WD90C20 internal I/O port address, 46E8H, causes this signal 
to be used as a write strobe for an external register used in BIOS 
ROM page mapping. In Micro Channel mode, this signal is used 
as Card Selected Feedback to provide positive acknowledgement II 
of its presence at the addresses specified by the host. 

TABLE 4-1. SIGNAL DESCRIPTION (CONTINUED) 
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WD90C20IWD90C20A SIGNAL DESCRIPTION 

PIN MNEMONIC I/O DESCRIPTION 

14 MEMCS16/ 0 Memory Chip Select 16 Bits 
CDDS16 In AT mode, this line is used to respond to the host to enable a 16-

bit video memory data transfer. In Micro Channel mode, this line 
provides CDDS16 for 16-bit video memory or I/O access. (For 
WD90C20 only, this line must be inverted to provide CDDS16). 

15 10CHRDY/ 0 Ready 
CDCHRDY An active high output which signals to the system processor that a 

memory access is complete. This signal is used only to add wait 
states to the bus cycles during video memory accesses. It is 
pulled inactive by the WD90C20 to allow additional time to com-
plete a bus operation. This signal is not generated on I/O cycles 
and accesses to the BIOS ROM. For further details, refer to the ref-
erence literature. 

16 HBDIR/ 0 High Byte Direction 
HSYNC This line is used to control the data direction of an external high 

byte data buffer if the external data buffer is necessary for the im-
plementation. This line will be driven "LOW" only in memory 
READ or I/O READ cycles. 
(For the WD90C20A only simultaneous display mode, the HBDIR 
pin can be programmed to output CRT HSYNC.) 

17 LBDIR/ 0 Low Byte Direction 
VSYNC This line is used to control the data direction of an external low 

byte data buffer if the external data buffer is necessary for the im-
plementation. This line will be driven "LOW" only in memory 
READ or I/O READ cycles. 
(For the WD90C20A only simultaneous display mode, the LBDIR 
pin can be programmed to output CRT VSYNC.) 

19 - 26 SD15 - SDS I/O Data Bus (SD15 - SOD) 
29 - 36 SD7 - SDO These bidirectional signals may either be connected directly to a 

local data bus requiring less than 8 mao of source/sink, or may be 
connected through two external bus buffers. 

38 MEMR/ I Memory Read 
MilO In AT mode, this signal is called SMEMR and is an active low 

memory read strobe. It is asserted in 8-/16-bit memory read 
cycles. In Micro Channel mode, the signal is called MilO. It distin-
guishes between memory and I/O cycles. When (MilO) is high, a 
memory cycle is in process. A low on (MilO) shows that an I/O 
cycle is in process. For further details, refer to the reference litera-
ture. 

39 MEMW/ I Memory Write 
SO The active low memory write strobe in AT mode for 8-/16-bit data 

transfers. In Micro Channel mode, it becomes SO and is the chan-
nel status signal which indicates the start and type of a channel 
cycle. Along with the S1, MilO and CMD signals, it is decoded to 
interpret I/O and memory commands. For further details, refer to 
the reference literature. 

TABLE 4-1. SIGNAL DESCRIPTION (CONTINUED) 
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SIGNAL DESCRIPTION WD90C20lWD90C20A 

PIN MNEMONIC I/O DESCRIPTION 

43 REFRESH I Refresh 
This active low input pin is connected to the system REFRESH sig-
nal from the 1/0 bus. 

40 10RI S1 I I/O Read 
Active low 110 read strobe in AT mode. It is asserted in 8-/16-bit 
110 read bus cycles. S1 is the alternate mnemonic used in Micro 
Channel mode to indicate the start and type of a channel cycle. 
For further details, refer to the reference literature. 

41 10WI I I/O Write 
CMD Active low strobe. In AT mode, the strobe signals an 1/0 write for 8-

116-bit 110 write cycles. In Micro Channel mode it is synonymous 
with CMD; address bus validity is signaled by CMD going low 
while the rising edge of CMD indicates the end of a Micro Channel 
bus cycle. For further details, refer to the reference literature. 

DISPLAY MEMORY INTERFACE 

45 - 52 MAO-MA7 a Memory Address (MAO - MA8) 
55 MA8 Display memory DRAM address. 

56 RAS10 a Row Address Strobe 
Active low Memory Maps 1 and 0 RAS output signal. 

57 RAS32 a Row Address Strobe 
Active low Memory Maps 3 and 2 RAS output signal. 

58 CAS10 a Column Address Strobe 
Active low Memory Maps 1 and 0 CAS output signal. 

59 CAS32 a Column Address Strobe 
Active low Memory Maps 3 and 2 CAS output signal. 

60 WEO a Write Enable 
Active low Memory Map 0 DRAM write enable signal. 

61 WE1 a Write Enable 
Active low Memory Map 1 DRAM write enable signal. 

62 WE2 a Write Enable 
Active low, Memory Map 2 write enable signal. 

63 WE3 a Write Enable 
Active low, Memory Map 3 write enable siQnal. 

64 OE10 a Output Enable 
Active low, Memory Maps 1 and 0 output enable siQnal. 

65 OE32 a Output Enable 
Active low, Memory Maps 3 and 2 output enable signal. 

68-75 MD15 - MD8 1/0 Data Lines 
77-84 MD7 - MOO Lines MD15 through MOO are the data bus to the video display 

DRAMS. Data lines MOO through MD15 are pulled up or down 
with resistors to provide setup information on power-up (reset) as 
shown in Table 4-2. • TABLE 4-1. SIGNAL DESCRIPTION (CONTINUED) 
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WD90C20/WD90C20A SIGNAL DESCRIPTION 

PIN MNEMONIC 1/0 DESCRIPTION 

MISCELLANEOUS 

44 PWRDN I Power Down Selected 
This active low input si~Jnal is used to disable screen refresh cycle. 

110 LCDICRT 0 LCD or CRT Selected 
This active high output is used to power down an external RAM-
DAC chip whenever the WD90C20 operates in LCD mode. "1" is 
CRT mode, and "0" is LCD mode. 

DISPLAY INTERFACE' 

86 PCLK 0 Pixel Clock 
This line is used to clock the video outputs into a RAMDAC in a 
CRT interface. 

87 XSCLK 0 Shift Clock 
In an LCD interface, this signal is used to shift the upper and lower 
panel's data into the X-driver. In a Plasma interface, this signal is 
also used as shift clock. 

88 WGTCLK 0 Weight Control Clock 
In an LCD interface, this signal is required to generate a gray 
scale in panels using pulse width modulation. In a Plasma inter-
face, it is an "ENABLE VIDEO" sional. 

89 LP/HSYNC 0 Latch Pulse 
In an LCD interface, this signal is used to latch all the data in the 
current scan line. In either a Plasma or a CRT interface, this sig-
nal is used for horizontal sync. 

90 FPNSYNC 0 Frame Pulse 
This signal is used to indicate the start of scanning to the V-driver 
in an LCD interface. In either a Plasma or a CRT interface, this 
sionai is used for vertical sync. 

91 FRiBLANK 0 Frame Control 
Inan LCD interface, it is an AC signal which is toggled every 
frame. In a CRT interface, it is the BLANK signal. Some panels 
call this signal "M." 

103 -100 LD3 - LDO 0 Lower Panel Data Bit 3 to Bit 0 
In an LCD interface, these signals are used for the lower panel 
data bus. In a Plasma interface, they are reserved. In a CRT inter-
face, they are the lower four bits pixel video outputs to the RAM-
DAC. 

107 -104 UD3 - UDO 0 Upper Panel Data Bit 3 to Bit 0 
In an LCD interface, these signals are used for the upper panel 
data bus. In a Plasma interface, they provide the pure 4-bit video 
data interface. In a CRT interface, they are the upper four bits 
pixel video outp_uts to the RAMDAC. 

TABLE 4-1. SIGNAL DESCRIPTION (CONTINUED) 

*The display interface functions are redefined for 
each display mode - see Table 2-1 on page 4 for 
details. 
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SIGNAL DESCRIPTION WD90C20lWD90C20A 

PIN MNEMONIC 1/0 DESCRIPTION 

RAMDAC INTERFACE 

92 RPLT I 0 Read Palette 
Video DAC register and color palette read signal. Active low during 
an I/O read of addresses 3C6H, 3C8H, and 3C9H. This line is ac-
tive in both internal and external RAMDAC configurations. 

VD9 Video Data Bit 9 
In color TFT mode this is the ninth data bit of the LCD interface. 

93 WPLT 0 Write Palette 
Video DAC register and color palette write signal. Active low 
during an I/O write to addresses 3C6H-3C9H. This line is active in 
both internal and external RAMDAC confiQurations. 

111 VREF I Voltage Reference Input 
An external voltage reference of 1.2V is connected to this input 
for normal operation of the internal RAMDAC. Grounding this pin 
changes the function of pin 112 and disables the internal RAM-
DAC so that the WD90C20 can be used with an external RAM-
DAC. 

112 MDETECT/ I Monitor Detect 
When pin 111 is grounded, this pin is used as a monitor detect 
input. The result of this input is read from 3C2H Bit 4. 

FSADJUST Full Scale Adjust 
A resistor (RSET) on this pin sets the full scale output current of 
the RED, GREEN, and BLUE DAC's. 

114 BLUE 0 Blue Current Output 
High impedance current source can directly drive a doubly-ter-
minated 75 ohm coaxial cable. 

115 GREEN 0 Green Current Output 
High impedance current source can directly drive a doubly-ter-
minated 75 ohm coaxial cable. 

116 RED 0 Red Current Output 
High impedance current source can directly drive a doubly-ter-
minated 75 ohm coaxial cable. 

POWER AND GROUND 

9,28,53, Vcc - Power 
67,94 

10,18, GND - Ground 
27,37,54, 
66,76,85, 
95 

123 AVcc - + 5VDC - ANALOG (See Figure 4-2) 
113 AGND - Ground - ANALOG (See Figure 4-2) 

108 RVcc - RAMDAC power (See Figure 4-2) • RGND - RAMDAC ground (See Figure 4-2) 

TABLE 4-1. SIGNAL DESCRIPTION (CONTINUED) 
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WD90C20/WD90C20A SIGNAL DESCRIPTION 

PIN WD90C20 WD90C20A 

Pullup/Pulldown Type Pullup/Pulldown Type 

SO [15:0] PU 
LA [19:17] PO 
SA [16:0] PO PO 
MEMEN PO PO 

PU = 1 OOK Ohm Nominal, PO = 200K Ohm Nominal 

MEMORY POWERUP DATA STORED AT 
DATA LINE FUNCTION NAME 

MD15 EGA SW4 / LCD Select* PR11 (7)** 
MD14 EGASW3 PR11 (6)** 
MD13 EGASW2 PR11 (5)** 
MD12 EGASW1 PR11 (4)** 
MD11 ANALOGmL Display PR5(3)** 
MD10 - -
MD9 Panel Select Bit 1 PR1B(1)** 
MOB Panel Select Bit 0 PR1B(0)** 
MD7 General Purpose PR5(7)*** 
MD6 General Purpose PR5(6)*** 
MD5 General Purpose PR5(5)*** 
MD4 General Purpose PR5(4)*** 
MD3 VCLK1,2 (I/O) None** 
MD2 AT/Micro Channel Mode None** 
MD1 - PR1 (1 )*** 
MOO BIOS ROM Mapping PR1(0)*** 

TABLE 4-2. PR REGISTER FUNCTIONS 

NOTES: 
Data lines MOO - MD 15 are pulled up or down with resistors to provide setup information 
on powerup (reset) as shown above. 

* PR11(7) = 0: mono LCD, PR11(7) = 1 : color LCD. 
** Pullup resistor sets these bits to logic 1. 

*** Pulldown resistor sets these bits to logic 1. 
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3?5.2A.7 
3?5.2A.6 
3?5.2A.5 
3?5.2A.4 
3CF.OF.3 

-
3?5.31.1 
3?5.31.0 
3Cr.OF.7 
3CF.0F.6 
3CF.0F.5 
3CF.OF.4 

-
-

3CF.OB.1 
3CF.OB.0 



SIGNAL DESCRIPTION WD90C20/WD90C20A 
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01 

FIGURE 4-2. POWER DISTRIBUTION FOR WD90C20 

COMPONENT RECOMMENDED SUGGESTED PART NUMBER/ 
COMPONENT VALUE COMMENTS 

C1 0.1 UF Reduces noise in analog portion of chip. 

C2 0.1 UF Stablizes VREF voltage. 

C3 5 by 0.1 UF Reduces noise to the VGA core. 
One each for Pins 9, 28, 
53,67,94 

C4 22 UF Bulk decoupling. 

D1 LM385 1.2 volt voltage reference. 

D2 MBR150 Reduces voltage to digital portion of chip (40-50 
(MBRL040-SMT) mA reduction in current) 
MBR160, or 21N5817s 
in series 

L1 TDK CB70-453215 Provides noise immunity to analog portions of 
FERRITE BEAD WD90C20. 

L2 TDK CB70-453215 Provides noise immunity to RAMDAC. No decou- III 
FERRITE BEAD plinQ capacitor is to be used at Pin 108. 

TABLE 4-3. RECOMMENDED COMPONENT VALUE 
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5.0 WD90C20 REGISTERS 
All standard IBM registers incorporated in the 
WD9QC2Q are functionally equivalent to the VGA 
implementation, while additional PR registers en
hance the video subsystem. Compatibility 
registers provide functional equivalence for AT&T, 

Hercules, MDA, and CGA standards using the 
6845 CRT Controller. This section describes the 
VGA registers (and the differences between VGA 
and EGA), as well as the PR registers. 

5.1 VGA REGISTERS SUMMARY 

REGISTERS RW MONO COLOR EITHER 

GENERAL REGISTERS 

Miscellaneous Output Reg W 3C2 
R 3CC 

Input Status Reg Q RO 3C2 
Input Status Reg 1 RO 3BA 3DA 
Feature Control Reg W 3BA 3DA 

R 3CA 
'Video Subsystem Enable RW 3C3 

NOTE: 
'Video Subsystem Enable 
Register 3C3H needs to be 
implemented externally in a 
Micro Channel confiQuration. 

SEQUENCER REGISTERS 

Sequencer Index Reg RW 3C4 
Sequencer Data Reg RW 3C5 

CRT CONTROLLER REGISTERS 

Index Reg RW 3B4 3D4 
CRT Controller Data Reg RW 3B5 3D5 

GRAPHICS CONTROLLER REGISTERS 

Index Reg RW 3CE 
Other Graphics Reg RW 3CF 

ATTRIBUTE CONTROLLER REGISTERS 

Index Reg RW 3CQ 
Attribute Controller Data Reg W 3CQ 

R 3C1 

VIDEO DAC PALETTE REGISTERS 

Write Address RW 3C8 
Red Address W 3C7 
DAC State R 3C7 
Data RW 3C9 
Pel Mask RW 3C6 

TABLE 5-1. VGA REGISTERS SUMMARY 
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5.2 COMPATIBILITY REGISTERS 

FUNCTIONS RW1 MDA2 CGA2 AT&T2 HERCULES2 

Mode Control Reg WO 388 308 308 388 

Color Select Reg WO 309 309 

Status Reg RO 38A 30A 30A 38A 

Preset Light Pen Latch WO 389 30C 30C 

Clear Light Pen Latch WO 388 308 308 

AT&T/M24 Reg WO 30E 

Hercules Reg WO 38F 

CRTC3 RW 380-387 300-307 300-307 380-387 

TABLE 5-2. COMPATIBILITY REGISTERS SUMMARY 

NOTES: 

1 . RO = Read-Only, WO = Write-Only, RW = Read/Write. 
2. All Register addresses are in hex. 
3.6845 Mode Registers. 
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WD90C20/WD90C20A 

5.3 VGA REGISTERS 

This section describes the VGA registers. 

5.4 GENERAL REGISTERS 

NAME READ WRITE 
PORT PORT 

Miscellaneous Output 3CC 3C2 

Input Status Register 0 3C2 ---
Input Status Register 1 3?A ---

Feature Control 3CA 3?A 

NOTES: 
1. ReseNed bits should be set to zero. 
2. "?" Value is controlled by Bit 0 of the Miscel

laneous Output Register and is programmed 
as shown below: 

o = B in Monochrome Modes 
1 = 0 in Color Modes 

5.4.1 Miscellaneous Output Register, 
Read Port = 3CC, Write Port = 3C2 

BIT FUNCTION 

7 Vertical Sync Polarity Select 

6 Horizontal Sync Polarity Select 

5 Odd/Even Memory Page Select 

4 ReseNed 

3 Clock Select 1 

2 Clock Select 0 

1 Enable Video RAM 

0 I/O Address Select 

WD90C20 REGISTERS 

Bit 7 * 

Vertical Sync Polarity Selection. 
o = Positive vertical sync polarity. 
1 = Negative vertical sync polarity. 

Bit 6 * 
Horizontal Sync Polarity Selection. 
o = Positive horizontal sync polarity. 
1 = Negative horizontal sync polarity. 

* These bits determine the vertical size of the 
vertical frame by the monitor. Their encoding is 
shown below: 

BIT7 BIT 6 VERTICAL FRAME 

0 0 Reserved 

0 1 400 lines/scan 

1 0 350 lines/scan 

1 1 480 lines/scan 

Bit 5 

Odd or Even Memory Page Select. 
When in modes 0 through 5, one memory page is 
selected from the two 64 Kbyte pages. 
o = Lower page is selected. 
1 = Upper page is selected. 

Bit 4 

Reserved in VGA. 
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Bit(3:2) Clock Select 1,0. 

BIT3 BIT2 FUNCTION 

0 0 Selects VCLKO for VGA ap-
plications. Can be connected 
to allow 640 dots/line (25.175 
MHz in CRT mode). 

0 1 Selects VCLK1 for VGA ap-
plications. Can be connected 
to allow 720 dots/line (28.322 
MHz in CRT mode) if Con-
fiquration Reqister bit 3 = O. 

1 0 Selects VCLK2 (external user 
defined input) if Configuration 
Register bit 3 = O. 

1 1 Reserved. Also selects 
VCLK2 (external user defined 
input) if Configuration Register 
bit 3 = O. 

Bit 1 

System Processor Video RAM Access Enable. 
o = CPU access disabled. 
1 = CPU access enabled. 

Bit ° 
CRT Controller I/O Address Range Selection. 
Selection for Monochrome (3B4 and 3B5), or 
Color (304 and 305) mode. Bit 0 also maps Input 
Status Register 1 at MDA (3BA) or CGA (3DA). 

0= CRTC and status addresses for MDA mode 
(3BX). 

1 = CRTC and status addresses for CGA mode 
(3DX). 

WD90C20/WD90C20A 

5.4.2 Input Status Register 0, 
Read Only Port = 3C2 

BIT FUNCTION 

7 CRT Interrupt 

6,5 Reserved 

4 Monitor Detect Bit for Color/ 
Monochrome Display 

3:0 Reserved 

Bit 7 
CRT Vertical Retrace Interrupt Pending or 
Cleared. 
o = Vertical retrace interrupt cleared. 
1 = Vertical retrace interrupt pending. 

Bit(6:5) 

Reserved in VGA. 

Bit 4 

The DAC output currents, IRED, IGREEN, and IBLUE, 
develop a voltage across the load resistances 
RLD. These voltages are sent to comparitors 
against a voltage derived from the external volt
age reference VREF. For the WD90C20, the out
put current is determined by the formula: 

1= code x 0.04 x VREF 

RSET 

where the codes range from 0 to 63 (OH to 3FH) 
for a 6-bit DAC. 

For the WD90C20A, the output current is deter
mined by the formula: 
1= code x VREF x 1.036 

RSET 

The results of the monitor detection circuitry is 
readable at port 3C2H Bit 4. (See Figure B-1) It is 
important that this output signal be read during 
active video ouput, not during retrace or any other 
blanking period. 

Bit(3:0) 

Reserved. 
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WD90C20/WD90C20A 

5.4.3 Input Status Register 1, 
Read Only Port = 3? A 

BIT 

7,6 

S 

4 

3 

2,1 

0 

Bit(7:6) 

Reserved. 

Bit(5:4) 

FUNCTION 

Reserved 

Diagnostic 0 

Diagnostic 1 

Vertical Retrace 

Reserved 

Display Enable 

Color Plane Diagnostics. 
These bits allow the processor to set two out of 
eight colors by activating the Attribute Controller's 
Color Plane Enable Register Bits 4 and S. Their 
status is defined in the following table: 

COLOR PLANE INPUT STATUS 
ENABLE REGISTER REGISTER 1 

BITS BIT4 BITS BIT4 

0 0 VID2 VIDO 

0 1 VIDS VID4 

1 0 VID3 VID1 

1 1 VID7 VID6 

Bit 3 

Vertical Retrace Status. 
0= Vertical frame is displayed. 
1 = Vertical retrace is active. 

Bit(2:1 ) 

Reserved. 

WD90C20 REGISTERS 

Bit 0 

Display Enable Status. 
o = CRT screen display in process. 
1 = CRT screen display disabled for horizontal or 

vertical retrace interval. 

5.4.4 Feature Control Register, 
Read Port = 3CA, Write Port = 3?A 

BIT 

7-4 

3 

2-0 

Bits(7:4) 

Reserved 

Bit 3 

FUNCTION 

Reserved 

Vertical Sync Control 

Reserved 

Vertical Sync Control. 
0= Vsync output enabled. 
1 = Vsync output is logical "OR" of Vsync and 

Vertical Display Enable. 

Bit(2:0) 

Reserved. 

5.5 SEQUENCER REGISTERS 

PORT INDEX NAME 

3C4 --- Sequencer Index 

3CS 00 Reset 

3CS 01 Clocking Mode 

3CS 02 Map Mask 

3CS 03 Character Map Select 

3CS 04 Memory Mode 

NOTE: Reserved bits should be set to O. 
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5.5.1 Sequencer Index Register, 
Read/Write Port = 3C4 

BIT 

7-3 

2-0 

Bit(7:3) 

Reserved. 

Bit(2:0) 

FUNCTION 

Reserved 

Sequencer Addressllndex Bits 

Sequencer Address/Index. 

WD90C20/WD90C20A 

5.5.3 Clocking Mode Register, 
Read/Write Port = 3C5, Index = 01 H 

BIT FUNCTION 

7,6 Reserved 

5 Screen Off 

4 Shift 4 

3 Dot Clock 

2 Shift Load if Bit 4 = 0 

1 Reserved 

0 8/9 Dot Clocks 
The Sequencer Address Register is written with 
the index value (00H-04H) of the Sequencer 
register to be accessed. Bit(7:6) 

5.5.2 Reset Register, 
Read/Write Port = 3C5, Index = OOH 

BIT 

7-2 

1 

0 

Bit(7:2) 

Reserved. 

Bit 1 

FUNCTION 

Reserved 

Synchronous Reset 

Asynchronous Reset 

Synchronous Reset. 
o = Sequencer is cleared and halted 

synchronously. 
1 = Operational mode (Bit 0 = 1). 

Bit 0 

Asynchronous Reset. 
o = Sequencer is cleared and halted 

asynchronously. 
1 = Operational mode (Bit 1 = 1). 

Reserved. 

Bit 5 

Screen Off. 
o = Normal screen operation. 
1 = Screen turned off. SYNC signals are active 

and this bit may be used for quick full screen 
updates. 

Bit 4 

Video Serial Shift Register Loading. 
o = Serial shift registers loaded every character 

or every other character clock depending on 
Bit 2. 

1 = Serial shift registers loaded every 4th charac
ter clock (32 bit fetches). 

Bit 3 

Dot Clock Selection. 
o = Normal dot clock selected by VCLK input fre

quency. 
1 = Dot Clock divided by 2 (320/360 pixels wide). 

Bit 2 

Shift Load. Effective only if Bit 4=0. 
o = Video serializers will be loaded every charac- • 

ter clock. 
1 = Video serializers are loaded every other char

acter clock. 
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Bit 1 

Reserved. 

Bit 0 

8/9 Dot Clock. 
Commands Sequencer to generate 8 or 9 dot 
wide character clock. 
o = 9 dot wide character clock. 
1 = 8 dot wide character clock. 

5.5.4 Map Mask Register, 
Read/Write Port = 3C5, Index = 02 

BIT 

7-4 

3 

2 

1 

0 

Bit(7:4) 

Reserved. 

Bit(3:0) 

FUNCTION 

Reserved 

Map 3 Enable 

Map 2 Enable 

Map 1 Enable 

Map 0 Enable 

Controls Writing to Memory Maps (0-3), respec
tively. 
o = Writing to maps (0-3) disallowed. 
1 = Maps (0-3) accessible. 

WD90C20 REGISTERS 

5.5.5 Character Map Select Register, 
Read/Write Port = 3C5, Index = 03H 

BIT FUNCTION 

7,6 Reserved 

5 Character Map Select A Bit 2 

4 Character Map Select B Bit 2 

3 Character Map Select A Bit 1 

2 Character Map Select A Bit 0 

1 Character Map Select B Bit 1 

0 Character Map Select B Bit 0 

If Sequencer Register 4 Bit 1 is 1, then the at
tribute byte Bit 3 in text modes is redefined to 
control switching between character sets. "0" 
selects character map B. "1" selects character 
map A. Character Map selection from either 
plane 2 or plane 3 is determined by PR2(2), 
PR2(5), and Bit 4 of the attribute code. 

Bit(7:6) 

Reserved. 

Bit 5 

Character Map A MSB Select. 
The Most Significant Bit (MSB) of character map 
A, along with Bits 3 and 2, select the location of 
character map A as shown below. 

BITS MAP FONT/PLANE 2 OR 
532 SELECTED 3 LOCATION 

000 0 1st 8 Kbyte 

001 1 3rd 8 Kbyte 

010 2 5th 8 Kbyte 

011 3 7th 8 Kbyte 

100 4 2nd 8 Kbyte 

1 01 5 4th 8 Kbyte 

1 1 0 6 6th 8 Kbyte 

111 7 8th 8 Kbyte 
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Bit 4 

Character Map B MSB Select. 
The MSB of character map B, along with Bits 1 
and 0, select the location of character map B as 
shown below. 

BITS MAP 
410 SELECTED 

000 0 

001 1 

010 2 

01 1 3 

100 4 

1 01 5 

1 1 0 6 

1 1 1 7 

Bit(3:2) 

Character Map Select A. 
Refer to Bit 5 table. 

Bit(1 :0) 

Character Map Select B. 
Refer to Bit 4 table. 

FONT/PLANE 2 OR 
3 LOCATION 

1st 8 Kbyte 

3rd 8 Kbyte 

5th 8 Kbyte 

7th 8 Kbyte 

2nd 8 Kbyte 

4th 8 Kbyte 

6th 8 Kbyte 

8th 8 Kbyte 

WD90C20lWD90C20A 

5.5.6 Memory Mode Register, 
Read/Write Port = 3C5, Index = 04H 

BIT FUNCTION 

7-4 

3 

2 

1 

0 

Bit(7:4) 

Reserved. 

Bit 3 

Reserved 

Chain 4 

Odd/Even 

Extended Memory 

Reserved 

Chains 4 Maps. 
o = Processor sequentially accesses data using 

map mask register. 
1 = Directs the two lower order video memory ad

dress pins (MAO,MA 1) to select the map to 
be addressed. The map selection table is 
shown below: 

MA1 MAO MAP SELECTED 

0 0 0 

0 1 1 

1 0 2 

1 1 3 

Bit 2 

Odd/Even Map Selection. 
o = Even processor addresses to access maps 0 

and 2. Odd processor addresses to access 
maps 1 and 3. 

1 = Sequential processor access as defined by 
map mask register. 

Bit 1 

Extended Video Memory. 
o = 64 Kbyte of video memory. 
1 = Greater than 64 Kbyte 

VGA/EGA modes. 

Bit 0 

Reserved. 

of memory for • 
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5.6 CRT CONTROLLER REGISTERS 

PORT1 1NDEX VGA REGISTER NAME 6845 REG NAME2 
3?4 --- CRT Controller Address Reg. CRTC Address Reg 

3?5 00 Horizontal Total Hor. Total 

3?5 01 Horizontal Display Enable End Hor.Disp 

3?5 02 Start Horizontal Blanking See note 3. 

3?5 03 End Horizontal Blanking See note 3. 

3?5 04 Start Horizontal Retrace See note 3. 

3?5 05 End Horizontal Retrace See note 3. 

3?5 06 Vertical Total - Vert. Di~Q. 

3?5 07 Overflow See note 3. 

3?5 08 Preset Row Scan See note 3. 

3?5 09 Maximum Scan Line/Others Max. Scan Line Add. 

3?5 OA Cursor Start Cursor Start 

3?5 OB Cursor End Cursor End 

3?5 OC Start Address High Start Add. HiQh 

3?5 00 Start Address Low Start Add. Low 

3?5 OE Cursor Location HiQh Cursor Loc. HiQh 

3?5 OF Cursor Location Low Cursor Loc. Low 

3?5 10 Vertical Retrace Start Light Pen High Read 

3?5 11 Vertical Retrace End Light Pen Low Read 

3?5 12 Vertical Display Enable End 

3?5 13 Offset See note 3. 

3?5 14 Underline Location See note 3. 

3?5 15 Start Vertical Blank See note 3. 

3?5 16 End Vertical Blank See note 3. 

3?5 17 CRTC Mode Control See note 3. 

3?5 18 Line Compare See note 3. 

TABLE 5-3. CRT CONTROLLER REGISTERS 

NOTES: 
1. "?" Value is controlled by Bit 0 of the Miscellaneous Output Register and is programmed 

as shown below: 
?= B in monochrome modes. 
?= 0 in color modes. 

2. 6845 Mode Registers are defined and explained in greater in the reference literature. 

3. This register can be programmed in VGA mode only. It is not applicable in 6845 mode. 

4. Reserved bits should be set to zero. 
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5.S.1 CRT Address Register, 
Read/Write Port = 3?4 

BIT 

7-5 

4-0 

Bit(7:5) 

Reserved. 

Bit(4:0) 

FUNCTION 

Reserved 

Index bits 

Index Register Bits. 
CRT Controller index pointer bits to specify the 
register to be addressed. Its value is programmed 
hex. 

5.S.2 Horizontal Total Register, 
Read/Write Port = 3?5, Index=OOH 

FUNCTION 

Horizontal Total Period 

Bit(7:0) 

Count Plus Retrace Less 5. 
In VGA mode, the horizontal total period is the 
total of the character count in the active display 
plus the character count in the retrace time less 5, 
per horizontal scan line. 

5.S.3 Horizontal Display Enable End 
Register Read/Write Port = 3?5, Index 
01H 

FUNCTION 

Displayed Characters per scan line 

Bit(7:0) 

The total number of displayed characters less one 
is programmed into this register. 

Horizontal overscan begins when the horizontal 
character counter reaches this character clock 
value. 

WD90C20/WD90C20A 

5.S.4 Start Horizontal Blanking Register, 
Read/Write Port = 3?5, Index = 02H 

FUNCTION 

Start Horizontal Blanking 

Horizontal blanking begins when the horizontal 
character counter reaches the hexidecimal value 
in the character clocks in this register. This 
register is locked if the PR Register PR3 (5) = 1 or 
the Vertical Retrace End Register Bit 7 = 1. 

5.S.5 End Horizontal Blanking, 
Read/Write Port = 3?5, Index = 03H 

BIT FUNCTION 

7 Reserved 

6,5 Display Enable Signal Skew Control 

4-0 End Horizontal Blanking (lower 5 bits) 

This register is locked if the PR Register PR3(5) = 
1 OR the Vertical Retrace End Register Bit 7 = 1. 

Bit 7 

Reserved. 

Bit(S:5) 

Display Enable Signal Skew Control. 
These bits define the display enable signal skew 
time in relation to horizontal synchronization pul
ses. The skew table is shown below: 

BITS BIT5 SKEW IN CHARACTER 
CLOCKS 

0 0 0 

0 1 1 

1 0 2 

1 1 3 
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Bit (4:0) 

End Horizontal Blanking. 
To determine the value to be programmed into 
this register, first add the value in the register 
Start Horizontal Blanking and the desired width of 
the horizontal blanking in character clocks. The 
least significant five bits are programmed into this 
register, while the sixth most significant bit is the 
End Horizontal Retrace register (index 05H) Bit 7. 
When the least significant six bits of the horizontal 
character counter match these six bits, the 
horizontal blanking is ended. 

5.S.S Start Horizontal Retrace Pulse 
Register Read/Write Port = 3?5, Index 
= 04H 

BIT FUNCTION 

7-0 Start Horizontal Retrace 
Character Count 

Bit(7:0) 

Start Horizontal Retrace Character Count. 
Hex value in character count at which horizontal 
retrace output pulse becomes active. This register 
is locked if the PR Register PR3 (5) = 1 or the 
Vertical Retrace End Register Bit 7 = 1 . 

5.S.7 End Horizontal Retrace Register, 
Read/Write Port = 3?5, Index = 05H 

BIT FUNCTION 

7 End Horizontal Blank bit 6 

6,5 Horizontal Retrace Delay 

4-0 End Horizontal Retrace 

This register is locked if the PR Register PR3 (5) 
= 1 or the Vertical Retrace End Register Bit 7 = 1. 

Bit 7 

MSB (sixth bit) of the End Horizontal Blanking 
register. 

WD90C20 REGISTERS 

Bit(S:5) 

Horizontal Retrace Delay. 
These bits define horizontal retrace signal delay. 
See the following table for details: 

BITS BIT5 CHARACTER CLOCK 
DELAY 

0 0 0 

0 1 1 

1 0 2 

1 1 3 

Bit(4:0) 

End Horizontal Retrace. 
To determine the value to be programmed into 
this register, first add the value in the register 
Start Horizontal Retrace and the desired width of 
the horizontal retrace in character clocks. The 
least significant five bits are programmed into this 
register. When the least significant five bits of the 
horizontal character counter match these five bits, 
the horizontal retrace signal is turned off. 

5.S.8 Vertical Total Register, 
Read/Write Port = 3?5,lndex = OSH 

BIT FUNCTION 

7 - 0 Vertical Total 

Bit(7:0) 

Raster Scan Line Total Less 2. 
The least significant 8 bits of a 10-bit count of 
raster scan lines for a display frame. The loaded 
value includes vertical total scan lines minus 2. 
Time for vertical retrace, and vertical sync are 
also included. The ninth and tenth bits of this 
count are loaded into the Vertical Overflow 
Register (index = 07H) Bit 0 and Bit 5, respective
ly. In 6845 modes, total vertical display time in 
rows is programmed into Bit 6 through Bit 0, while 
Bit 7 is reserved. Scan count reduction is not 
necessary. The number of scan lines in a row is 
determined by the maximum Scan Line Register 
(index 09H Bits 0 through 4). This register is lock
ed if the PR Register PR3 (0) = 1 or the Vertical 
Retrace End Register Bit 7 = 1. 
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5.6.9 Overflow Vertical Register 
Read/Write Port = 3?5, Index = 07H 

BIT FUNCTION 

7 Vertical Retrace Start Bit 9 

6 Vertical Display Enable End Bit 9 

5 Vertical Total Bit 9 

4 Line Compare Bit 8 

3 Start Vertical Blank Bit 8 

2 Vertical Retrace Start Bit 8 

1 Vertical Display Enable End Bit 8 

0 Vertical Total Bit 8 

++Bit 7 

Vertical Retrace Start Bit 9 (index = 10H). 

**Bit 6 

Vertical Display Enable End Bit 9 (index = 12H). 

++Bit 5 

Vertical Total Bit 9 (index = 06H). 

Bit 4 

Line Compare Bit 8 (index = 18H). 

++Bit 3 

Start Vertical Blank Bit 8 (index =15H).· 

++Bit 2 

Vertical Retrace Start Bit 8 (index = 10H). 

**Bit 1 

Vertical Display Enable End Bit 8 (index = 12H). 

++Bit 0 

Vertical Total Bit 8 (index = 06H). 

NOTES: 

** This register is locked if the PR Register 
PR3(1 )=0 AND the Vertical Retrace End Register 
Bit 7 = 1. 

++ This register is locked if the PR Register 
PR3(0) = 1 OR the Vertical Retrace End Register 
Bit 7 = 1. 
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5.6.10 Preset Row Scan Register, 
Read/Write Port = 3?5, Index = OSH 

BIT 

7 

6,5 

4-0 

Bit 7 

Reserved. 

Bit(6:5) 

FUNCTION 

Reserved 

Byte Panning Control 

Preset Row Scan Count 

Byte Panning Control. 
These bits allow up to 3 bytes to be panned in 
modes programmed as multiple shift modes. 

BIT6 BIT5 OPERATION 

0 0 Normal 

0 1 1 Byte Left Shift 

1 0 2 Bytes Left Shift 

1 1 3 Bytes Left Shift 

Bit(4:0) 

Preset Row Scan Count. 
These bits preset the vertical row scan counter 
once after each vertical retrace. This counter is 
incremented after each horizontal retrace period, 
until the maximum row scan count is reached. 
When maximum row scan count is reached, the 
counter is cleared. This register can be used for 
smooth vertical scrolling of text. 
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5.6.11 Maximum Scan Line Register, 
Read/Write Port=3?5, Index=09H 

BIT FUNCTION 

7 200 to 400 Line Conversion 

6 Line Compare Bit 9 

5 Start Vertical Blank Bit 9 

4-0 Maximum Scan Line 

Bit 7 

200 to 400 Line Conversion. 
0= Normal operation. 
1 = Activate line doubling. The row scan counter 

is clocked at half the horizontal scan rate to 
allow 200 line modes display 400 scan lines 
(each line is double scanned). 

Bit 6 

Line Compare. 
This is Bit 9 of the Line Compare Register 
(index = 18H). 

Bit 5 

Start Vertical Blank. 
This is bit 9 of the Start Vertical Blank Register 
(index = 15H). This register is locked if the PR 
Register PR3 (0) = 1. 

Blt(4:0) 

Maximum Scan Line. 
Maximum number of scanned lines for each row 
of characters. The value programmed is the max
imum number of scanned rows per character 
minus 1. In 6845 mode, Bits 5 through 7 are 
reserved, and Bits 4 through 0 are programmed 
with the maximum scan line count less 1 for non
interlace mode. Interlaced mode is not supported. 
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5.6.12 Cursor Start Register, 
ReadlWrlte Port = 3?5, Index = OAH 

BIT 

7,6 

5 

4-0 

Blt(7:6) 

Reserved. 

Bit 5 

FUNCTION 

Reserved 

Cursor Control 

Cursor Start Scan Line 

Cursor Control. 
o = Cursor on. 
1 = Cursor off. 

Blt(4:0) 

These bits specify the row scan counter value 
within the character box where the cursor begins. 
They contain the value of the character row less 
1. If this value is programmed with a value 
greater than the Cursor End Register (index = 
OBH), no cursor is generated. For 6845 modes, 
Bit 7 is reserved. Bit 5 controls the cursor opera
tion and Bits 4 through 0 contain the cursor start 
value. Bit 6 is not used. 

5.6.13 Cursor End Register, ReadlWrlte, 
Port = 3?5h, Index = OBH 

BIT 

7 

6,5 

4-0 

Bit 7 

Reserved. 

FUNCTION 

Reserved 

Cursor Skew 

Cursor End Scan Line 
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Bit(6:5) 

Cursor Skew Bits. 
Delays the displayed cursor to the right by the 
skew value in character clocks; e.g., 1 character 
clock skew moves the cursor right by 1 position 
on the screen. Refer to the table below. 

BIT6 BIT5 SKEW 

0 0 0 

0 1 1 

1 0 2 

1 1 3 

Bit (4:0) 

These bits specify the last row scan counter value 
within the character box during which the cursor is 
active. If this value is less than the cursor start 
value, no cursor is displayed. In 6845 mode, Bits 
7 through 5 are reserved and Bits 4 through 0 
contain the row value of the cursor end. 

NOTE: There are three types of cursors 
generated, depending upon the mode; i.e, EGA, 
VGA, or 6845 (non-VGA). The above description 
refers to the VGA cursor only. 

5.6.14 Start Address High Register, 
Read/Write Port 3?5H, Index = OCH 

FUNCTION 

Start Address High Byte 

Bit(7:0) 

Display Screen Start Address Upper Byte Bits. 
Eight high order bits of the 16-bit video memory 
address used for screen refresh. The low order 
8-bit register is at index ODH. The PR Register 
PR3 Bits 3 and 4 extend this video memory start 
register to 18 bits. In 6845 modes Bits 6 and 7 
are forced to "0" regardless of this register's con
tents, while the lower order 8 bits are at index 
register ODH. 
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5.6.15 Start Address Low Register, 
Read/Write Port = 3?5H, Index = OOH 

FUNCTION 

Start Address Low Byte 

Bit(7:0) 

The lower order eight bits of the 16-bit video 
memory address in VGA or 6845 modes. 

5.6.16 Cursor Location High Register, 
Read/Write Port = 3?5h, Index = OEh 

FUNCTION 

Cursor Location High Byte 

Bit(7:0) 

Cursor Address Upper Byte Bits. 
The eight higher order bits of 16-bit cursor loca
tion in VGA mode. For the lower order eight bits, 
see the Cursor Location Low Register at index 
OFH. In VGA mode, the PR Register PR3 bits 3 
and 4 extend the cursor location High Register to 
18 bits. For 6845 modes, Bits 6 and 7 are 
reserved, while Bits 5 through 0 are the high order 
bits of the cursor. 

5.6.17 Cursor Location Low Register, 
Read/Write Port = 3?5, Index = OFH 

FUNCTION 

Cursor Location Low Byte 

Bit(7:0) 

Cursor Address Lower Byte Bits. 

The lower order eight bits of the 16-bit video • 
memory address in VGA or 6845 mode. 
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5.6.18 Vertical Retrace Start Register, 
Read/Write Port = 3?5, Index=10H 

BIT FUNCTION 

7-0 Vertical Retrace Start 
(Lower eight bits) 

Bit(7:0) 

Vertical Retrace Start Pulse Lower Eight Bits. 
The lower eight bits of the 10-bit vertical retrace 
start register. Bits 8 and 9 are located in the 
Overflow Register (index = 07H). ,In 6845 com
patible mode, this register shows the high order 
six bits in positions 5 through 0 as the light pen 
read back value, and Bits 6 and 7 are reserved. 
The lower order eight bits of the light pen read 
back register are at the index 11 H. In EGA com
patible mode this register shows the high order 
eight bits as the light pen value. This register is 
locked if PR register PR3 (0) = 1. 

5.6.19 Vertical Retrace End Register, 
Read/Write Port = 3?5, Index = 11H 

BIT FUNCTION 

7 CRTC 0-7 Write Protect 

6 Select 3/5 D RAM Refresh 

5 Enable Vertical Interrupt 

4 Clear Vertical Interrupt 

3-0 Vertical Retrace End 

This register is locked if the PR Register 
PR3(0)=1. 

Bit 7 

CRTC Registers Write Protect. 
o = Enables writes to CRT index registers OOH-

07H. 
1 = Write protects CRT Controller index registers 

in the range of index OOH-07H. The line com
pare Bit 4 in the Overflow Register (07H) is 
not protected. 
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Bit 6 

DRAM Refresh/Horizontal Scan Line. 
Selects DRAM refresh cycles per horizontal scan 
line: 
o = Generates' 3 refresh cycles for each horizon

tal scan line for normal VGA operation. 
1 = Generates 5 DRAM refresh cycles per 

horizontal scan line. 

Bit 5 

Enable Vertical Retrace Interrupt. 
o = Enables vertical retrace interrupt. 
1 = Disable vertical retrace interrupt. 

Bit 4 

Clear Vertical Retrace Interrupt. 
o = Clears vertical retrace interrupt by resetting 

(writing a 0 to) and internal flip flop. 
1 = Vertical retrace interrupt. Allows an interrupt 

to be generated after the last displayed scan 
of the frame has occurred (Le., the start of 
the bottom border). 

Bit(3:0) 

Vertical Retrace End. 
These bits specify scan count at which vertical 
sync becomes inactive. For retrace signal pulse 
width "W", add the number of scan count for "W" 
to the value of the Vertical Retrace Start register. 
The least significant four bits of the result are writ
ten in the Vertical Retrace End register. When the 
least significant four bits of the vertical scan line 
counter match these four bits, the vertical retrace 
signal is turned off. 
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5.6.20 Vertical Display Enable End Register, 
Read/Write Port = 3?5, Index = 12H 

BIT FUNCTION 

7-0 Vertical Display Enable End 
(Lower 8 bits) 

Bit(7:0) 

Vertical Display Enable End Lower 8 Bits. 
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5.6.22 Underline Location Register, 
Read/Write Port = 3?5, Index = 14H 

BIT FUNCTION 

7 Reserved 

6 Doubleword Mode 

5 Count by 4 

4-0 Underline Location 

The lower eight bits of 10-bit register that defines 
where the active display frame ends. Bit 7 

The programmed count is in scan lines minus 1. 
Bits 8 and 9 are in the Overflow Register (index 
07H) at positions 1 and 6, respectively. 

5.6.21 Offset Register, 
Read/Write Port = 3?5, Index = 13H 

FUNCTION 

Logical Line Screen Width 

Bit(7:0) 

Logical Line Screen Width. 
This register specifies the width of display 
memory in terms of an offset from the current row 
start address to the next character row. The of
fset value is a word address adjusted for word or 
doubleword display memory access. It is calcu
lated as follows: 

Next Row Scan Start Address = Current Row 
Scan Start Address + (K * value in Offset 
Register), where K=2 in byte mode and K=4 in 
word mode. 

Reserved. 

Bit 6 

Doubleword Mode. 
o = Display memory addressed for byte or word 

access. 
1 = Display memory addressed for double word 

access. 

Bit 5 

Count By 4 For Double Word Access 
o = Memory address counter clocked for byte or 

word access. 
1 = Memory address counter is clocked at the 

character clock rate divided by 4. 

Bit(4:0) 

Underline Location. 
These bits specify the row scan counter value 
within a character matrix where under line is to be 
displayed. Load a value 1 less than the desired 
scan line number. 

ADVANCED INFORMATION 11/25/91 14-33 

• 



WD90C20/WD90C20A 

5.6.23 Start Vertical Blank Register, 
Read/Write Port = 3?5, Index =15H 

This register is locked if the PR Register 
PR3(O)=1. 

FUNCTION 

Start Vertical Blank (Lower eight bits) 

Bit(7:0) 

Start Vertical Blank Lower Eight Bits. 
The lower eight bits of the 10-bit Start Vertical 
Blank Register. Bit 8 is in the Overflow Register 
(index = 07H) and Bit 9 is in the Maximum Scan 
Line Register (index = 09H). The 10-bit value is 
reduced by 1 from the desired scan line count 
where the vertical blanking signal starts. 

5.6.24 End Vertical Blank Register, 
Read/write Port=3?5, Index=16H 

This register is locked if the PR Register 
PR3(O)=1. 

FUNCTION 

End Vertical Blank 

Bit(7:0) 

Vertical Blank Inactive Count. 
End Vertical Blank is an· 8-bit value calculated as 
follows: 

8-bit End Vertical Blank value = 
(value of Start Vertical Blank minus 1) + 
(value of vertical blank signal width in scan lines). 

When the least significant eight bits of the vertical 
scan line counter match these eight bits, the verti
cal blank signal is turned off. 
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5.6.25 CRT Mode Control Register, 
Read/Write Port = 3?5, Index = 17H 

This register is locked if PR Register PR3(5) = 1. 

BIT FUNCTION 

7 Hardware Reset 

6 Word or Byte Mode 

5 Address Wrap 

4 Reserved 

3 Count by 2 

2 Horizontal Retrace Select 

1 Select Row Scan Counter 

0 CGA Compatibility 

Bit 7 

Hardware Reset. 
o = Horizontal and vertical retrace outputs to. be 

inactive. 
1 = Horizontal and vertical retrace outputs 

enabled. 

Bit 6 

Word Or Byte Mode. 
o = Word address mode. All memory address 

counter bits shift down by 1-bit and the MSB 
of the address counter appears on the LSB. 
See the table on the next page. 

1 = Byte address mode. 
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MEMORY ADDRESS BYTE ADDRESS MODE WORD ADDRESS DOUBLEWORD 
MODE ADDRESS MODE 

MAO/RFO MAO *MA15 OR MA13 MA12 

MA1/RF1 1 0 MA13 

MA2/RF2 2 1 0 

MA3/RF3 3 2 1 

MA4/RF4 4 3 2 

MA5/RF5 5 4 3 

MA6/RF6 6 5 4 

MA7/RF7 7 6 5 

MA8/RF8 8 7 6 

MA9 9 .8 7 

MA10 10 9 8 

MA11 11 10 9 

MA12 12 11 10 

MA13 13 12 11 

MA14 14 13 12 

MA15 15 14 13 .. 
* See Bit 5, defining address wrap. This table IS applicable only when PR Register PR1 Bits 7 and 6 
equal 0, or PR16 Bit 1 equals one. 

The CRT Underline Location Register (index = 
14H) bit 6 also controls addressing. However, 
when CRT14H(6) = 0, only the CRT Mode Control 
Register (index 17H) Bit 6 controls addressing. 
See the following table. 

CRT14H CRT17H ADDRESS 
Bit 6 Bit 6 Mode 

0 0 Word 

0 1 Byte 

1 X Doubleword 

Bit 5 

Address Wrap. 
0= In word address mode, this bit enables Bit 13 

to appear at MAO, otherwise Bit 0 appears on 
MAO. 

1 = Select MA 15 for odd/even mode when 256 
Kbyte of video memory is used on the system 
board. 

Bit 4 

Reserved. 

Bit 3 
Count by 2. 
o = Character clock increments memory address • 

counter. l 

1 = Character clock divided by 2 increments the 
address counter. 
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Bit 2 

Horizontal Retrace Clock Rate Select for Vertical 
Timing Counter. 
o = Selects horizontal retrace clock rate. 
1 = Selects horizontal retrace clock rate divided 

by 2. 

Bit 1 

Select Row Scan Counter. 
o = Selects row scan counter Bit 1 as output at 

MA 14 address pin. 
1 = Selects Bit 14 of the CRTC address counter 

as output at MA 14 pin. 

Bit 0 

6845 CRT Controller Compatibility Mode Support 
for CGA Operation. 
o = Row scan address Bit 0 is substituted for 

WD90C20 REGISTERS 

5.7 GRAPHICS CONTROLLER 
REGISTERS 

PORT INDEX NAME 
(HEX) (HEX) 

3CE - Graphics Index Register 

3CF 00 SeVReset 

3CF 01 Enable SeVReset 

3CF 02 Color Compare 

3CF 03 Data Rotate 

3CF 04 Read Map Select 

3CF 05 Graphics Mode 

3CF 06 Miscellaneous 

3CF 07 Color Don't Care 

3CF 08 Bit Mask 

memory address Bit 13 at MA 13 output pin NOTE: Reserved bits should be set to O. 
during active display time. 

1 = Enable memory address pin 13 to be output 
at MA13 address pin. . 

5.6.26 Line Compare Register, 
Read/Write Port = 3?5, Index = 18H 

FUNCTION 

Line Compare (lower eight bits) 

Bit(7:0) 

Line Compare Lower 8 Bits. 
Lower 8 bits of the 10-bit Scan Line Compare 
Register. Bit 8 is in the Overflow Register (index 
= 07H) and Bit 9 is in the Maximum Scan Line 
Register (index = 09H). When the vertical counter 
reaches this value, the internal start of the line 
counter is cleared. 

5.7.1 Graphics Index Register, 
Read/Write Port = 3CE 

BIT 

7-4 

3-0 

Bit(7:4) 

Reserved. 

Bit(3:0) 

FUNCTION 

Reserved 

Graphics Address Bits 

Graphics Controller Register Index Pointer Bits. 
Note that some of the PR registers reside with the 
index pointer extension beyond the standard VGA 
Graphics Controller registers. 
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5.7.2 Set/Reset Register, 
Read/Write Port 3CF, Index = OOH 

BIT 

7-4 

3 

2 

1 

0 

Bit(7:4) 

Reserved. 

FUNCTION 

Reserved 

Set/Reset Map 3 

Set/Reset Map 2 

Set/Reset Map 1 

Set/Reset Map 0 

Bit(3:0) 

Set/Reset Map. 
When the CPU executes display memory write 
with Write Mode O· selected and the Enable 
Set/Reset Register (index = 01 H) activated, the 
eight bits of the bit value in this register, which 
have been operated on by the Bit Mask Register, 
are written to the corresponding display memory 
map. It is an eight bit fill operation. The map 
designations are defined below: 

0= Reset. 
1 = Set. 

BIT 

3 

2 

1 

0 

SET/RESET 

Map 3 

Map 2 

Map 1 

MapO 

NOTE: The selection of Write Mode 0 is deter
mined by the Graphics Mode Register (index = 
OSH) Bit 1 and Bit o. 
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5.7.3 Enable Set/Reset Register, 
Read/Write Port = 3CF, Index = 01 H 

BIT 

7-4 

3 

2 

1 

0 

Bit(7:4) 

Reserved. 

Bit(3:0) 

FUNCTION 

Reserved 

Enable Set/Reset Map 3 

Enable Set/Reset Map 2 

Enable Set/Reset Map 1 

Enable Set/Reset Map 0 

Enable Set/Reset Register (Index OOH). 
o = When Write Mode 0 is selected, these bits, 

set to 0, disable the Set/Reset Register 
(index = OOH) memory map access and the 
map is written with the rotated 8-bit data from 
the system microprocessor as defined by the 
Data Rotate Register. 

1 = When Write Mode 0 is selected, these bits 
enable memory map access defined by the 
Set/Reset Register (index = OOH), and the 
respective memory map is written with the 
Set/Reset Register value. 

ADVANCED INFORMATION 11/25/91 14-37 

• 



WD90C20lWD90C20A 

5.7.4 Color Compare Register, 
Read/Write PORT 3CF, Index = 02H 

BIT 

7-4 

3 

2 

1 

0 

Bit(7:4) 

Reserved. 

Bit(3:0) 

FUNCTION 

Reserved 

Color Compare Map 3 

Color Compare Map 2 

Color Compare Map 1 

Color Compare Map 0 

Color Compare. 
The color compare bit contains the value to which 
all 8 bits of the corresponding memory map are 
compared. This comparison also occurs across 
all four maps, and a "1" is returned for the map 
positions where the bits of all four maps equal the 
Color Compare Register. If a system read is done 
with bit 3 = 0 for the Graphics Mode Register 
(index = OSH), data is returned without com
parison. Color compare map coding is shown 
below. 

BIT COLOR COMPARE 

3 Map3 

2 Map 2 

1 Map 1 

0 Map 0 
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5.7.5 Data Rotate Register, 
Read/Write Port = 3CF, Index = 03H 

BIT 

7-S 

4 

3 

2 

1 

0 

Bit(7:5) 

Reserved. 

FUNCTION 

Reserved 

Function Select 1 

Function Select 0 

Rotate Count 2 Bit 2 

Rotate Count 1 Bit 1 

Rotate Count 0 Bit 0 

Bit(4:3) 

Function Select. 
Function select for any of the write mode opera
tions defined in the Graphics Mode Register 
(index = OSH) is defined as follows. 

BIT4 BIT3 

0 

0 

1 

1 

Bit(2:0) 

Rotate Count. 

0 

1 

0 

1 

FUNCTION 

Video memory data un-
modified 
Video memory data ANDed 
with system data in the 
latches 
Video memory data ORed 
with system data in the 
latches 
Video memory data XORed 
with system data in the 
latches 

This specifies number of bit positions of rotation to 
the right. Data written by the CPU is rotated in 
write mode 0, defined by the Graphics Mode 
Register (index = OSH). 
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5.7.6 Read Map Select Register, 
Read/Write Port = 3CF, Index = 04H 

BIT FUNCTION 

7-2 Reserved 

1 Map Select 1 

0 Map Select 0 

Bit(7:2) 

Reserved. 

Bit(1 :0) 

Map Select. 
These bits select memory map in system read 
operations. This operation has no effect on color 
compare read mode. In odd/even modes, the 
value can be OOb or 01 b to select chained maps 0 
and 1 or value 10b or 11 to select the chained 
maps 2 and 3. Map read is defined as shown 
below. 

BIT1 BITO READ MAP 

0 0 0 

0 1 1 

1 0 2 

1 1 3 

WD90C20IWD90C20A 

5.7.7 Graphics Mode Register, 
Read/Write Port = 3CF, Index = 05H 

BIT 

7 

6 

5 

4 

3 

2 

1 

0 

Bit 7 

Reserved. 

Bit 6 

FUNCTION 

Reserved 

256 Color Mode 

Shift Register 

CGA Odd/Even 

Read Type 

Reserved 

Write Mode Bit 1 

Write Mode Bit 0 

256 Color Mode. 
o = Enables Bit 5 of this register to control load

ing of the shift registers. Four bit pixel is ex
panded to 6 bits through internal palette and 
is sent out on the lower 6-bit pins (VID5 -
VIDO) every dot clock. The remaining two 
video outputs (VID6, VID7) are determined 
by Bits 2 and 3 of the Color Select Register 
located at index = 14H within the Attribute 
Controller. 

1 = Load video shift registers to support 256 
color mode. 

Bit 5 

Shift Register. 
Shift register load controls the way in which 
memory data is formatted in the four video shift 
registers. MSB is shifted out in all cases. 
o = Map 0 - Map 3 data is placed into shift 

registers for normal operations. 
1 = For CGA graphics mode compatibility, even 

numbered shift registers, and odd numbered 
bits from all the maps are shifted out of odd 
numbered shift registers. 
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Bit 4 

Odd/Even Mode. 
0= Normal 

Bit 2 

Reserved. 

WD90C20 REGISTERS 

1 = CGA compatible odd/even system access 
mode. Sequential addressing as defined by 
Bit 2 of the memory mode register (index = 
04H) in the Sequencer Register. Even sys
tem addresses access maps 0 or 2 and odd 
system addresses access maps 1 or 3. 

Bit(1 :0) 

Write Mode. 
The table below defines the four write modes. 

Bit 3 

Read Mode. 
o = System reads data from memory maps 

selected by Read Map Select Register (index 
04H). This setting will have no effect if Bit 3 
of the Sequencer Memory Mode Register = 
1. 

1 = System reads the comparison of the memory 
maps and the Color Compare Register. 

BIT 0 BIT 1 WRITE MODE 

0 0 Write Mode O. If the Set/Reset Register function is enabled for any of the 
maps, the 8 bits of the bit value in the Set/Reset Register, which have 
been operated on by the Bit Mask Register, are then written to the cor-
responding display memory map. If the Set/Reset Register function is 
disabled, the map is written with the CPU data which is right rotated by 
the number of bits defined in the Data Rotate Register, with the old LSB 
now the new MSB. 

0 1 Write Mode 1. This mode can be used to write the same value to many 
memory locations. The 32 bits of data in the system latches are written 
into each of the four memory maps. The system read operation loads 
the latches. 

1 0 Write Mode 2. Memory maps (3:0) are filled with the 8-bit value of the 
corresponding CPU data bits (3:0). The 32-bit output of the four memory 
maps is then operated on by the Bit Mask Register and the resulting 
data is written to the four memory maps. 

1 1 Write Mode 3. Eight bits of the value contained in the Set/Reset Register 
(index = OOH) is written into the corresponding map, regardless of the 
Enable Set/Reset Register (index = 01 H). The right rotated CPU data 
(see Write Mode 0) is ANDed with Bit Mask Register data to form an 8-
bit mask value that performs the same function as the Bit Mask Register 
in Write Modes 0 and 2. 
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5.7.8 Miscellaneous Register, 
Read/Write Port = 3CF, Index = 06H 

BIT 

7-4 

3 

2 

1 

0 

Bit(7:4) 

Reserved. 

Bit(3:2) 

FUNCTION 

Reserved 

Memory Map 1 

Memory Map 0 

Odd/Even 

Graphics Mode 

Memory Map 1, O. 
Display memory map control into the CPU ad
dress space is shown below: 

BIT3 BIT2 CPU ADDRESS LENGTH 
RANGE 

0 0 AOOO:OH-BFFF:FH 128 Kbyte 

0 1 AOOO:OH-AFFF:FH 64 Kbyte 

1 0 BOOO:OH-B7FF:FH 32 Kbyte 

1 1 B800:0H-BFFF:FH 32 Kbyte 

Bit 1 

Odd/Even Mode. 
o = CPU address bit AO is the memory address 

bit MAO. 
1 = CPU address bit AO is replaced by higher 

order address bit. AO is then used to select 
odd or even maps. AO = 0 selects map 0 or 2, 
while AO = 1 selects map 1 or 3. 

WD90C20/WD90C20A 

Bit 0 

Graphics/Alphanumeric Mode. 
This bit is programmed the same way as Bit 0 of 
the Attribute Mode Control Register. 
o = Alphanumeric mode selects. 
1 = Graphics mode selected. 

5.7.9 Color Don't Care Register, 
Read/Write Port 3CF, Index = 07H 

BIT 

7-4 

3 

2 

1 

0 

Bit(7:4) 

Reserved. 

Bit(3:0) 

FUNCTION 

Reserved 

Memory Map 3 

Memory Map 2 

Memory Map 1 

Memory Map 0 

Memory Map Color Compare Operation. 
o = Disable color compare operation. 
1 = Enable color compare operation. 
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5.7.10 Bit Mask Register, 
Read/Write Port = 3CF, Index = OSH 

BIT FUNCTION 

7 - 0 Bit Mask 

Bit{7:0) 

The bit mask operation applies simultaneously to 
all four maps. In Write Modes 0 and 2, this 
register provides selective changes to any bit 
stored in the system latches during processor 
writes. Data must be first latched by reading the 
addressed byte. After setting the Bit Mask 
Register, new data is written to the same byte in a 
subsequent operation. Bit mask operation affects 
any data written by the processor. 

o = Bit position value is masked or is not change
able. 

1 = Bit position value is unmasked and can be 
changed in the corresponding map. 

5.S ATTRIBUTE CONTROLLER 
REGISTERS 

PORT INDEX NAME 
(HEX) (HEX) 

3CO -- Index Register 

3CO OO-OF Palette Registers 

3CO 10 Attribute Mode Control 
ReQister 

3CO 11 Overscan Control Register 

3CO 12 Color Plane Enable 
Register 

3CO 13 Horizontal PEL Panning 
Register 

3CO 14 Color Select Register 

NOTES: 
1. Each attribute data register is written at 3CO 

and register data is read from address 3C1. 
2. Reserved bits should be set to zero. 
3. ?" Value is controlled by Bit 0 of the Miscel

laneous Output register and is programmed as 
shown below. 

o = B in Monochrome Modes. 
1 = D in Color Modes. 

WD90C20 REGISTERS 

5.S.1 Attribute Index Register, 
Read/Write Port = 3CO 

BIT 

7-6 

5 

4-0 

Bit{7:6) 

Reserved. 

Bit 5 

FUNCTION 

Reserved 

Palette Address Source 

Attribute Address Bits 

Palette Address Source. 
o = Disable internal color palette outputs and 

video outputs to allow CPU access to color 
palette registers (index 00 - OFH). 

1 = Enable internal color palette and normal 
video translation. 

Bit{4:0) 

Attribute Controller Index Register Address Bits. 

NOTE: The Attribute Index Register has an inter
nal flip-flop, rather than an input bit, which con
trols the selection of the Address and Data 
Registers. Reading the Input Status Register 1 
(port = 3?A) clears the flip-flop and selects the 
Address Register, which is read through address 
3C1 and written at address 3CO. Once the Ad
dress Register has been loaded with an index, the 
next write operation to 3CO will load the Data 
Register. The flip-flop toggles between the Ad
dress and the Data Registers after every write to 
address 3CO, but does not toggle for reads to 
address 3C1. 
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5.8.2 Palette Registers (OO-OF Hex), 
Read Port 3C1IWrite Port 3CO 

BIT 

7-6 

5 

4 

3 

2 

1 

a 

Bit(7:6) 

Reserved. 

Bit(5:0) 

Palette Pixel Colors. 

FUNCTION 

Reserved 

VID5 

VID4 

VID3 

VID2 

VID1 

VIDa 

They are defined as follows: 
a = Current pixel color deselected. 
1 = Enable corresponding pixel color per the 

table below. 

BIT FUNCTION 

5 VID5 

4 VID4 

3 VID3 

2 VID2 

1 VID1 

a VIDa 

WD90C20/WD90C20A 

5.8.3 Attribute Mode Control Register, 
Read Port 3C1IWrite Port 3CO, 
Index = 10H 

BIT FUNCTION 

7 VID5, VID4 Select 

6 PEL Width 

5 PEL Panning Compatibility 

4 Reserved 

3 Enable Blink/Select Background In-
tensity 

2 Enable Line Graphics Character Code 

1 Mono-Emulation 

a Graphics/Alphanumeric Mode 

Bit 7 

VID5, VID4 Select. 
0= VID5 and VID4 palette register outputs are 

selected. 
1 = Color Select Register (index 14H) Bits 1 and 

a are selected for outputs at VID5 and VID4 
pins. 

Bit 6 

Pixel Width. 
a = Disable 256 color mode pixel width .. The 

PCLK output is the same as the internal dot 
clock rate. 

1 = Enable pixel width for 256 color mode. The 
PCLK output is the internal dot clock divided 
by two. 

Bit 5 

PEL Panning Compatibility. 
Line Compare in the CRT Controller. 
a = A Line Compare will have no effect on the 

PEL Panning Register. 
1 = Allows a successful Line Compare to disable 

the PEL Panning Register and also Bits 5 
and 6 of the CRT Controller Register 08 until 
VSYNC occurs. Allows pixel panning of a 
selected portion of the screen. 
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Bit 4 

Reserved. 

Bit 3 

Background Intensity/Blink Selection. 
o = Selects background intensity from the MSB 

of the attribute byte. 
1 = Selects blink attribute. 

Bit 2 

Enable Line Graphics Character Code. 
Set this bit to 0 for character fonts that do not 
utilize line graphics character codes. 
o = Forces ninth dot to be the same color as 

background in line graphics character codes. 
1 = Used in MDA line graphics modes. The ninth 

dot character is forced to be identical to the 
eighth character dot. 

Bit 1 

Mono/Color Emulation. 
o = Color display attributes. 
1 = MDA attributes. 

Bit 0 

Graphics/Alphanumeric Mode Enable. 
o = Alphanumeric mode. 
1 = Graphics mode. 

5.8.4 Overscan Color Register, 
Read Port 3C1IWrite Port 3CO, 
Index = 11H 

BIT FUNCTION 

7 VID7 

6 VID6 

5 VID5 

4 VID4 

3 VID3 

2 VID2 

1 VID1 

0 VIDO 

WD90C20 REGISTERS 

Bit(7:0) 

Overscan/Border Color. 
These bits determine the overscan or border 
color. For monochrome display, this register is set 
to O. Border colors are set as shown above. 

5.8.5 Color Plane Enable Register, 
Read Port 3C1IWrite Port 3CO, 
Index = 12H 

BIT 

7-6 

5 

4 

3-0 

Bit(7:6) 

Reserved. 

Bit(5:4) 

FUNCTION 

Reserved 

Video Status MUX1 

Video Status MUXO 

Enable Color Plane 

Video Status Control. 
These bits select two out of eight color outputs 
which can be read by the Input Status Register 1 
(port = 03?A) Bits 4 and 5. 

COLOR PLANE INPUT STATUS 
REGISTER 

BITS BIT4 BITS BIT4 

0 0 VID2 VIDO 

0 1 VID5 VID4 

1 0 VID3 VID1 

1 1 VID7 VID6 

Bit(3:0) 

Color Plane Enable. 
D = Disables respective color planes. Forces 

pixel bit to D before it addresses palette. 
1 = Enables the respective display memory color 

plane. 
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5.8.6 Horizontal PEL Panning Register, 
Read Port 3C1 /Write 
Port 3CO, Index = 13H 

BIT 

7-4 

3-0 

Bit(7:4) 

Reserved. 

Bit(3:0) 

FUNCTION 

Reserved 

Horizontal PEL Panning 

Horizontal Pixel Panning. 
It is available in text or graphics modes. These 
bits select pixel shift to the left horizontally. For 9 
dots/character modes, up to 8 pixels can be 
shifted horizontally to the left. Likewise, for 8 
dots/character up to 7 pixels can be shifted 
horizontally to the left. For 256 color, up to 3 
position pixel shift can occur. The following table 
defines the shift in different modes. 

LEFT SHIFT PIXEL VALUE 

Register 9 Dots 8 Dots 256 
Value Character Character Color 

Mode 

0 1 0 0 

1 2 1 --

2 3 2 1 

3 4 3 --
4 5 4 2 

5 6 5 --
6 7 6 3 

7 8 7 --
8 0 -- --
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5.8.7 Color Select Register, 
Read Port 3C1/Write Port 3CO, 
Index = 14H 

BIT 

7-4 

3 

2 

1 

0 

Bit(7:4) 

Reserved. 

Bit(3:2) 

Reserved 

S_Color 7 

S_Color 6 

SCalar 5 

S_Color 4 

Color Value MSB. 

FUNCTION 

Two most two significant bits of the eight digit 
color value for the video DAC. They are normally 
used in all modes except 256 color graphics. 
Bit 3 = Set color bit VID7. 
Bit 2 = Set color bit VID6 

Bit(1 :0) 

Substituted Color Value Bits. 
These bits can be substituted for VID5 and VID4 
output by the Attribute Controller palette registers 
to create 8-bit color value. They are selected by 
the Attribute Controller Mode Control Register 
(index = 10H). 
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5.9 COMPATIBILITY REGISTERS 

NAME PORT (HEX) 

Mode Control Register 3?8 

Color Select Register 3D9 

Status Register 3?A 

AT&T/M24 Register 3DE 

Hercules Register 3BF 

Preset Light Pen Latch 3B9 (Mono) 
3DC (CGA) 

Clear Light Pen Latch 3?B 

NOTES: 
1. The Compatibility Registers are available only 

in 6845 mode (non-VGA), which is enabled by 
setting PR Register PR2(6) = 1. 

2. The AT&T/M24 Register also requires that M24 
mode be enabled. This is done by setting PR 
Register PR2(7) = 1. 

3. "?" Value is controlled by Bit 0 of the Miscec 
IIaneous Output Register and is programmed 
as shown below: 

o = B in Monochrome Modes 
1 = D in Color Modes 

5.9.1 Hercules/MDA Mode Control Register, 
MDA Operation Write Only 
Port = 3B8H 

BIT FUNCTION 

7 Reserved/Display Memory Page 
Select 

6 Reserved 

5 Enable Blink 

4 Reserved 

3 Video Enable 

2 Reserved 

1 Reserved/ Port 3BFH Enable 

0 High Resolution Mode 

WD90C20 REGISTERS 

Bit 7 

Reserved in MDA mode. If Bit 1 =1 and Port 
3BFH bit 0 = 1, then this bit in Hercules Graphics 
mode selects the Display Memory Page. 
o = Display memory page address starts at 

BOOO:OH. 
1 = Display memory page address starts at 

B800:0H. 

Bit 6 

Reserved. 

Bit 5 
Enable Blink. 
o = Disable blinking. 
1 = Enable blinking. 

Bit 4 

Reserved. 

Bit 3 
Video Enable. 
o = Video disable. 
1 = Video activated. 

Bit 2 
Reserved. 

Bit 1 

Port 3BFH Enable. 
o = Prevents setting of Port 3BF Bit 1 :0, thereby 

forcing the alpha mode operation. 
1 = Allows the Port 3BFh Bit 1 :0 to switch for the 

alpha or graphics mode selection. 

Bit 0 

High Resolution Mode (should be 1). 
0= High resolution disabled. 
1 = High resolution is enabled. 
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5.9.2 Hercules Registers 

The Hercules Mode Register is a 2-bit write only 
register located at I/O port address 3BF. It affects 
the device operation only in the 6845 mode. The 
enable mode register located at the address 3B8 
overrides the write port 3BF functions defined by 
its Bits a and 1. 

5.9.3 Enable Mode Register 3B8 

BIT FUNCTION 

7 Display Memory Page Address 
Graphics Mode 

6 Reserved 

5 Enable Blink 

4 Reserved 

3 Video Enable 

2 Reserved 

1 Port 3BF Bit a Override 

a High Resolution Mode = 1 

Bit 7 

Display Memory Page Address In Graphics Mode. 
a = Display memory page address starts at 

BOOO:OH. 
1 = Display memory page address starts at 

B800:0H. 

Bit (6,4,2) 

Reserved. 

Bit 1 

Port 3BF Bit a Override. 
a = Prevents setting of Port 3BF Bit 0, thereby 

forcing the alpha mode operation. 
1 = Allows the Port 3BF Bit a to switch for the 

alpha or graphics mode selection. 

Bit 5 

Enable Blink. 
a = Disable blinking. 
1 = Enable blinking. 

Bit 3 

Video Enable. 
a = Video disable. 
1 = Video enable. 

Bit 0 

WD90C20/WD90C20A 

High Resolution (should be 1). 
a = High resolution disabled. 
1 = High resolution enabled. 

5.9.4 Hercules Compatibility Register, 
Write Only Port = 3BFH 

BIT 

7-2 

1 

a 

Bits (7:2) 

Reserved. 

Bit 1 

FUNCTION 

Reserved 

Upper Memory Page Address 

Enable Graphics 

Upper Memory Page Address. 
Enable Mode Control Register (3B8) Bit 7 selects 
the displayed memory page address in the 
graphics mode. When it is reset, Bit 1 prevents 
access to the second memory page, located at 
B800:0H for the 32 Kbyte memory space. 
a = Upper memory page is mapped out. 
1 = Upper memory page is accessible. 

Bit 0 

Enable Graphics. 
Allows the Enable Mode Register (3B8) Bit 1 to 
override. 
a = Alpha mode display. 
1 = Graphics modes may be displayed. 
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5.9.5 Color CGA Operation Register, 
Write Only Port = 308 

BIT 

7,6 

5 

4 

3 

2 

1 

0 

Bit (7:6) 

Reserved. 

Bit 5 

FUNCTION 

Reserved 

Enable Blink 

B/W Graphics Mode 

Enable Video 

B/W/Color Mode Select 

Graphics/Alpha Mode Select 

Alpha Mode 

Enable Blink Function. 
o = Disables blinking function. 
1 = For normal operation, set this bit to allow 

blinking. 

Bit 4 

B/W Graphics Mode Enable. 
o = Deselect 640 by 200 BIW graphics mode. 
1 = Enable 640 by 200 BIW graphics mode. 

Bit 3 

Activate Video Signal. 
o = Deactivates video signal. This is done during 

mode changes. 
1 = B/W mode enabled. 

Bit 1 

Text or Graphics Mode Selection. 
o = Alpha mode enabled. 
1 = Graphics mode (320 by 200) activated. 

Bit 0 
(40 by 25) or (80 by 25) Text Mode Selection. 
o = 40 by 25 alpha mode enabled. 
1 = 80 by 25 alpha mode activated. 
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5.9.6 CGA Color Select Register, 
Write Only Port = 309 

BIT 

7,6 

5 

4 

3 

2 

1 

0 

Bit (7:6) 

Reserved. 

Bit 5 

FUNCTION 

Reserved 

Graphics Mode Color Set 

Alternate Color Set 

Border Intensity 

Red Border 

Green Border 

Blue Border 

320 by 200 Color Set Select for the CGA 2 bits 
per pixel. 
0= Background, green, red, brown colors. 
1 = Background, cyan, magenta, white colors. 

Bit 4 

Alternate Color Set Enable. 
o = Background color in alpha mode. 
1 = Enable alternate color set in graphics mode. 

Bit 3 

Border Intensity. 
Border color select in text modes, and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 

Alphanumeric mode. 
1 = Selects intensified border color. 
320 by 200 Graphics Mode. 
1 = Selects intensified background and border 
color (CO - C1). 
640 by 200 Graphics Mode. 
1 = Selects red foreground color. 
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Bit 1 

Green Border/Background. 
Border color select in text modes, and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 

Alphanumeric Mode. 
1 = Selects green border color. 
320 by 200 Graphics Mode. 
1 = Selects green background and border color 
(CO-C1). 
640 by 200 Graphics Mode. 
1 = Selects green foreground color. 

Bit 0 

Blue Border/Background. 
Border color select in text modes, and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 

Alphanumeric Mode. 
1 = Selects blue border color. 
320 by 200 Graphics Mode. 
1 = Select blue background and border color 
(CO - C1). 
640 by 200 Graphics Mode. 
1 = Selects blue foreground color. 

5.9.7 CRT Status Register, 
MDA Operation, Read Only Port = 3BA 

BIT FUNCTION 

7 VSYNC Inactive 

6-4 Reserved 

3 B/W Video Enabled 

2 -1 Reserved 

0 Display Enable Inactive 

Bit 7 

Vertical Retrace. 
o = Indicates the raster is in vertical retrace mode. 
1 = Indicates vertical retrace is inactive (inverted 

VSYNC if I/O is mapped into 3BX). 

Bit (6:4) 

Reserved. 

Bit 3 

BIW Video Status. 
o = B/W Video disabled. 
1 = B/W Video enabled. 

Bit 2 - Bit 1 

Reserved. 

Bit 0 

Display Enable. 

WD90C20/WD90C20A 

o = Display Enable is active. 
1 = Indicates the screen border or blanking is ac

tive; Display Enable is inactive. 

5.9.8 CRT Status Register, 
CGA Operation, Read Only Port = 3DA 

BIT 

7-4 

3 

2 

1 

0 

Bit (7:4) 

Reserved. 

Bit 3 

FUNCTION 

Reserved 

VSYNC Active 

Light Pen Switch Status 

Light Pen Latch Set 

Display Enable Inactive 

Vertical Retrace. 
o = Indicates vertical retrace is inactive. 
1 = Indicates the raster is in vertical retrace mode. 

Bit 2 

Light Pen Switch Status. 
0= Light pen switch closed. 
1 = Light pen switch open. 
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Bit 1 

Light Pen Latch. 
a = Light pen latch cleared. 
1 = Light pen latch set. 

Bit 0 

Display Enable. 
a = Display Enable is active. 
1 = Indicates the screen border or blanking ac

tive; Display Enable is inactive. 

5.9.9 AT&T/M24 Register, 
Write Only Port = 3DE 

This is a write only, 8-bit register located at ad
dress 3DE. It is used to control the 640 by 400 
AT&T graphics mode. All bits are set to a by 
reset. This register is enabled by setting Bit 7 in 
PR Register 2 (PR2). 

BIT 

7 

6 

5,4 

3 

2 

1 

a 

Bit 7 

Reserved. 

Bit 6 

FUNCTION 

Reserved 

White/Blue Underline 

Reserved 

Memory Map Display 

Character Set Select 

Reserved 

AT&T Mode Enable 

White/Blue Underline. 
Defines underline attribute according to the MDA 
display requirements. 
a = Underline attribute selects blue foreground in

color text modes. 
1 = Underline attribute selects white underlined 

foreground. 

Bit (5:4) 

Reserved. 

Bit 3 
Page Select. 

WD90C20 REGISTERS 

Selects between one or two 16 Kbyte RAM page 
for display in 200 line graphics mode. 
a = Display memory address starts at B800:0H 

(16 Kbyte length). 
1 = Display memory address starts at BCOO:OH 

(16 Kbyte length). 

Bit 2 
Character Set Select. 
Selects between two character font planes. 
a = Standard character font from plane 2. 
1 = Alternate character font from plane 3. 

Bit 1 

Reserved. 

Bit 0 

M24 or Non-IBM Graphics Mode. 400 line mode. 
A 400 line monitor is required for this mode. 
a = 200 line graphics mode active, using paired 

lines. 
1 = AT&T mode enabled for 400 line graphics. 
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5.10 WD90C20 PR REGISTERS 

NAME RW1 DESIGNATION2 I/O SECTION 
LOCATION3 

Address Offset A RW PROA(6:0) 3CF09 5.10.1 
Alternate Address Offset B RW PROB(6:0) 3CFOA 5.10.1 
Memory_ Size RW PR1 (7:0) 3CF.OB 5.10.2 
Video Select RW PR2(7:0) 3CFOC 5.10.3 
CRT Control and Group Locking RW PR3(7:0) 3CFOD 5.10.4 
Video Control RW PR4(7:0) 3CFOE 5.10.5 
Unlock PRO-PR4 RW PR5(7:0) 3CFOF 5.10.6 
Unlock PR11 - PR17 RW PR10(7:0j 375.294 5.10.7 

EGA Switches RW PR11 (7:0} 375.2A 5.10.8 
Scratch Pad RW PR12(7:0) 375.28 5.10.9 
Interlace H/2 Start RW PR13(7:0) 375.2C 5.10.10 
Interlace H/2 End RW PR14(7:0) 375.20 5.10.11 

Miscellaneous Control 1 RW PR15(7:0) 375.2E 5.10.12 
Miscellaneous Control 2 RW PR16(7:0) 375.2F 5.10.13 
Miscellaneous Control 3 RW PR17(1 :0) 375.30 5.10.14 
Flat Panel Status RW5,6 PR18(7:0) 375.31 5.10.15 

Flat Panel Control I RW PR19(7:0) 375.32 5.10.16 

Flat Panel Control II RW PR1A(7:0) 375.33 5.10.17 
Flat Panel Unlock RW PR18(7:0) 375.34 5.10.18 

MaQ~llg RAM Unlock RW PR30(7:0) 375.35 5.10.19 
Mapping RAM Address Counter RW PR33(7:0) 375.38 5.10.20 
Mapping RAM Data RW PR34(7:0} 375.39 5.10.21 
Mapping RAM Control RW6 PR35(1 :0) 375.3A 5.10.22 
LCD Panel Height Select RW PR36(7:0) 375.3B 5.10.23 
Flat Panel 81inking Control RW PR37(7:0j 375.3C 5.10.24 

Color LCD Control RW PR39(7:0) 375.3E 5.10.25 
Vertical Expansion Initial Value RW PR41 (7:0j 375.37 5.10.26 
PR43 Unlock Register WO PR42(7:0) 3C5.06 5.10.27 
Paradise VGA Status RW PR43(7:0) 3C5.07 5.10.28 
Power-Down Memory Refresh RW PR44(7:0) 375.3F 5.10.29 
CNF Configuration HARD6 - - 5.13 

TABLE 5-4. PR REGISTERS SUMMARY 

NOTES: 
1. RO = Read-Only, WO = Write-Only, RW = Read/Write. III 
2. In the PR register notation, XXX.YY, XXX is the data port address and YY is the register index. l 

3. All register addresses are in hex. 
4. The designation 375 means that the register is mapped into either 385 in monochrome mode or 305 

in color modes. 
5. The register bits (1 :0) are loaded as CNF (10:9) upon reset. 
6. Not all bits are readable. 
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The WD90C20 has additional features that en
hance the performance and function of the 
Western Digital Imaging W090COO and basic 
VGA subsystem. 

The registers are at the I/O locations unused by 
IBM. All registers are read/write, except where 
noted. 

Registers PRO through PR4 and PR11 through 
PR 17 are normally locked. They are write
protected at power-up by the hardware reset. In 
order to load these registers, the appropriate un
lock register, PR5 or PR10, must be loaded first 
with binary XXXXX101; the register remains un
locked until any other value is written to 
it. Registers PRO through PR5 are readable only if 
PR4 Bit 1 = o. Registers PR10 through PR17 are 
read protected at power-up by hardware reset. To 
read registers PR10 through PR17, load PR10 
with 1 XXXOXXX. The registers remain readable 
until any other value is written to PR10. When 
registers PR10 through PR17 are read protected, 
reading them shows data to be FFH. Setting PR4 
Bit 1 to 1 does not read protect registers PR10 
through PR17. All PR registers are set to 0 at 
power-on reset except where noted. 

5.10.1 Address Offset Registers, 
PROA& PROB 

PROA - Address Offset Register A, 
Read/Write Port = 3CF, Index = 09 

BIT FUNCTION 

7 Reserved 

6-0 Primary Address Offset Bits 

PROB - Address Offset Register B, 
Read/Write Port = 3CF, Index = OA 

BIT FUNCTION 

7 Reserved 

6-0 Alternate Address Offset Bits 

WD90C20 REGISTERS 

The WD90C20 can control up to 1 Mbyte of video 
RAM. However, the memory map for IBM PC and 
compatibles assigns 128 Kbytes of the available 1 
Mbyte total system space to the video controller. 
Therefore, the video memory space starts at 
AOOO:OH and ends at BFFF:FH. This space is 
further limited to a 64 Kbyte video memory parti
tion to allow a second video card to co-exist. 

The WD90C20 has two offset registers that help 
address 512 Kbytes of linear addressed memory. 
These are PROA and PROB. These registers con
tain an offset which gets added to the system 
address when accessing more than 64 Kbytes of 
video memory. Address offset register PROA is 
the primary address offset register and is always 
enabled. Alternatively, Address offset register 
PROB is enabled only if PR1 Bit 3 is set to 1. 
PROA and PROB provide a 7-bit offset that is 
added to address Bits A (18:12) of the system 
address to form a 20-bit address. The arrange
ment is similar to that of the segment register OS 
and ES of the 8088/80X86 architecture, with 
PROA and PROB providing 4 Kbyte segments. 

In a 64 Kbyte VGA address space (as defined by 
Graphics Miscellaneous Register Bits 3 and 2), 
when PROB is enabled by setting PR1 Bit 3 = 1, 
PR address offset registers, PROA and Alternate 
Offset Address register (PROB), may be used to 
access two 32 Kbyte video RAM windows. PROA 
window is mapped from A800:0H-AFFF:FH while 
PROB is mapped from AOOO:OH-A7FF:FH. 

When there is a 128 Kbyte address space (as 
defined by Graphics Miscellaneous Register Bits 
3 and 2) and the Alternate Offset register is 
enabled, PROA is mapped from BOOO:OH
BFFF:FH, while PROB is mapped from AOOO:OH
AFFF:FH. 
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5.10.2 PRl - Memory Size, 
Read/write Port = 3CF, Index = OBH 

BIT FUNCTION 

7,6 Memory Size Select 

5,4 Memory Map Select 

3 Enable Alternate Address Offset 
Register PROB 

2 16-Bit Video Memory 

1 Reserved 

0 BIOS ROM Map Out 

This register is eight bits wide. Bits PRl (1 :0) are 
latched internally at power-on reset from the cor
responding memory data bus pins MD(l :0), using 
either pull-up or pull-down external resistors. Pull
up resistors on MD(l :0) cause PRl (1 :0) bits to be 
latched low. 

Bits 7,6 
Memory Size. 

256 Kbyte of available VGA video memory space 
is divided into four 64 Kbyte maps (0-3), each 
defining bit planes (0-3). In mode 13, the 4-bit 
planes are chained to form one large bit plane. 
The starting address of the 256 Kbyte video 
memory buffer can be configured to match other 
video adapters and/or application programs. 
WD90C20 enhances memory size capability 
when Bits 6 and 7 are programmed to extend 
video buffer size to 512 Kbyte or 1024 Kbyte. 

BIT7 BIT6 PR16(1) 

WD90C20/WD90C20A 

DRAMS MAS PIN VIDEO MEMORY 
SPACE PLANES 

64 Kbyte N/U 256 4 (64 Kbyte 
by 4 Kbyte Per Plane) 

64 Kbyte BANK 512 4 (128 Kbyte 
by 4 SELECT Kbyte Per Plane) 

256 Kbyte DRAM PIN 1024 4 (256 Kbyte 
by 4 A8 Kbyte Per Plane) 

The DRAM organizations supported by the 
WD90C20 and its associated video space are 
shown in the table at the bottom of the page. 

When video memory size is 512 Kbyte, and 64 
Kbyte by 4 DRAMs are used, two banks of 64 
Kbyte form 128 Kbyte per plane. MA8 provides 
the bank selection using an external multiplexer to 
access the appropriate bank in a plane by multi
plexing the CAS10N and CAS32N signals. Four 
planes form the desired 512 Kbyte video memory 
space. For 1024 Kbyte video memory size, MA8 
is directly connected to the A8 address pin of the 
256 Kbyte by 4 DRAMS, and two DRAMS form a 
256 Kbyte space per plane. Four planes make 
the desired 1024 Kbyte video memory space. 

PRl Bits 7 and 6 must be set to reflect the 
amount of memory installed. These bits in con
junction with PR16(l) also select the way memory 
is mapped into the system address space. If 
PR16(l) is set to 1, the memory mapping is the 
same as IBM VGA regardless of PRl (6) and 
PRl (7) 

MEMORY SIZE MAPPING 

0 0 0 256 Kbyte Standard VGA VGA* 

0 1 0 256 Kbyte WDI VGA 

1 0 0 512 Kbyte WDI VGA 

1 1 0 1024 Kbyte WDI VGA 

X X 1 Any Of The Above 
NOTE: 
* Only 64 Kbytes are accessible for chained 4 packed pixel mode. 
**WDI extended modes can fully utilize up to 256 Kbytes. 

ADVANCED INFORMATION 11/25/91 

PVGA** 

PVGA 

PVGA 

VGA* 

14-53 

• 



WD90C20/WD90C20A WD90C20 REGISTERS 

RAM ADDRESSING: 
PR1 (7) PR1 (6) 
o 0 256 Kbyte Total; 64 Kbyte Plane; IBM VGA Memory Organization 

VIDEO RAM BYTE WORD DBLWORD 
ADDRESS BIT CPU CRT CPU CRT CPU CRT 

MA(17) 0 0 0 0 0 0 

MA(16) * 0 0 0 0 0 0 

MA(15) A(15) CA(15) A(15) CA(14) A(15) CA(13) 

MA(14) A(14) CA(14) A(14) CA(13) A(14) CA(12) 

- - - - - - -
- - - - - - -
MA(2) A(2) CA(2) A(2) CA(1) A(2) CA(O) 

MA(1) A(1 ) CA(1) A(1) CA(O) A(15) CA(13) 

MA(O) A(O) CA(O) A(16) CA(15) A(14) CA(12) 
or or 

XRN(50) CA(13) 

RAM ADDRESSING: 
PR1 (7) PR1 (6) 
o 1 256 Kbyte Total; 64 Kbyte Plane; WD90C20 Memory Organization 

VIDEO RAM BYTE WORD DBLWORD 
ADDRESS BIT CPU CRT CPU CRT CPU CRT 

MA(17) 0 0 0 0 0 0 

MA(16) * 0 0 0 0 0 0 

MA(15) A(15) CA(15) A(15) CA(14) A(15) CA(13) 

MA(14) A(14) CA(14) A(14) CA(13) A(14) CA(12) 

- - - - - - -
- - - - - - -
MA(2) A(2) CA(2) A(2) CA(1 ) A(2) CA(O) 

MA(1) A(1 ) CA(1 ) A(1 ) CA(O) A(17) CA(15) 

MA(O) A(O) CA(O) A(16) CA(15) A(16) CA(14) 
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RAM ADDRESSING: 
PR1 (7) PR1 (6) 

o 512 Kbyte Total; 128 Kbyte/Plane; WD90C20 Memory Organization 

VIDEO RAM BYTE WORD DBLWORD 
ADDRESS BIT CPU CRT CPU CRT CPU CRT 

MA(17) 0 0 0 0 0 0 

MA(16) * A(16)* CA(16)* A(17)* CA(16)* A(18)* CA(16)* 

* 

MA(15) A(15) CA(15) A(15) CA(14) A(15) CA(13) 

MA(14) A(14) CA(14) A(14) CA(13) A(14) CA(12) 

- - - - - - -
- - - - - - -
MA(2) A(2) CA(2) A(2) CA(1) A(2) CA(O) 

MA(1) A(1) CA(1) A(1) CA(O) A(17) CA(15) 

MA(O) A(O) CA(O) A(16) CA(15) A(16) CA(14) 

RAM ADDRESSING: 
PR1 (7) PR1 (6) 

1024 Kbyte Total In 4 Planes; 256 Kbyte/Plane; WD90C20 Memory Organization 

VIDEO RAM BYTE WORD DBLWORD 
ADDRESS BIT CPU CRT CPU CRT CPU CRT 

MA(17) A(17) CA(17) A(17) CA(16) A(17) CA(15) 

MA(16) * A(16) CA(16) A(16) CA(15) A(16) CA(14) 

MA(15) A(15) CA(15) A(15) CA(14) A(15) CA(13) 

MA(14) A(14) CA(14) A(14) CA(13) A(14) CA(12) 

- - - - - - -
- - - - - - -
MA(2) A(2) CA(2) A(2) CA(1) A(2) CA(O) 

MA(1) A(1) CA(1) A(1) CA(O) A(19) CA(17) 

MA(O) A(O) CA(O) A(18) CA(17) A(18) CA(16) 

NOTES: 
1. A(19:0) are WD90COO internally modified system Addresses. 

2. CA(17:0) are CRT Controller Character Address Counter Bits. 

3. XRN(5) is Miscellaneous Output Register 3C2H, inverted bit 5. This bit selects the displayed page in 
chained modes. XRN(5) is selected as MA(O) if Graphics Register 6 Bit 3 or Bit 2 = 1. 

4. CA(13) is selected as MA(O) if CRTC Mode Register 17 Bit 5 = o. 
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BIT5 BIT4 MEMORY MAP 

0 0 VGA Mapping in 64 Kbyte 
space - AOOO:OH to 
BFFF:FH Address Range 

0 1 First 256 Kbyte in 1 Mbyte 
space - OOOO:OH to 3FFF:FH 
Address Range 

1 0 First 512 Kbyte in 1 Mbyte 
space - OOOO:OH to 7FFF:FH 
Address Range 

1 1 First 1024 Kbyte in greater 
or equal to 1 Mbyte space -
OOOO:OH to FFFF:FH Ad-
dress Range 

Bit 3 

Enable Alternate Address Offset Register PROB. 

Bit 2 

Enable 16-Bit Bus for Video Memory. 
When set to 1, OS16N will be active low in text 
modes and packed pixel modes such as mode 
13h. Planar graphics modes will always have 
OS16 inactive. 

Bit 1 

Reserved. Set to o. 

Bit 0 

If set to 1 the BIOS ROM is mapped out. A pull
up resistor latches 0 after power-up. A pull-up on 
MO(O) sets this bit to 0 at power-on reset. 

WD90C20 REGISTERS 

5.10.3 PR2-Video Select Register, 
Read/Write Port = 3CF, Index = OCH 

BIT FUNCTION 
7 AT&T/M24 Mode Enable 

6 6845 Compatibility 

5 Character Map Select 

4,3 Character Clock Period Control 

2 Underline/Character Map 

1 Third Clock Select Line VCLK2 

0 Force VCLK (overrides SEQ1 bit 3) 

Bit 7 

Enable AT& T/M24 Register and Mode. 

Bit 6 

0: VGA or EGA mode. 
1: Non-VGA (6845) mode. 

Bit 5 

Character Map Select. 
The following functions are overridden by setting 
PR15(2). This bit, in conjunction with PR2(2) and 
Bit 3 of the attribute code, enables character 
maps from planes 2 or 3 to be selected according 
to the table below: 

PR2(5) PR2(2) ATT(4) PLANE 
SELECT 

0 0 X 2 

0 1 X 2 

1 0 X 3 

1 1 0 2 

1 1 1 3 

NOTE: Setting PR15(2); 1, i.e., selecting "page 
mode addressing" overrides the "plane selected" 
table shown above. 
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Bit(4:3) 

Character Clock Period Control. 

0 0 IBM VGA character clock 
(8 or 9 dots) 

0 1 7 dots (used for 132 character 
mode) 

1 0 9 dots 

1 1 10 dots 

Selecting 10 dots per character modifies the func
tion of the horizontal PEL Panning register 
(3CO.13). Pixel panning in the 10 dot-character 
modes is obtained by storing the following values 
into the horizontal PEL Panning register. 

PEL PANNING PELS SHIFTED LEFT 
REGISTER VALUE 

09 0 

08 1 

00 2 

01 3 

02 4 

03 S 

04 6 

OS 7 

06 8 

07 9 

NOTE: The character clock period control func
tions have no effect in graphics modes. 

WD90C20/WD90C20A 

Bit 2 

Underline and Character Map Select. 
Setting this bit to 1 enables underline for all odd 
values of attribute codes, e.g., Programming 1 
gives blue underline. It overrides the background 
color function of the attribute code Bit 3, which is 
forced to o. Therefore, only eight choices of back
ground colors are available. This function allows 
trading background colors for more character 
maps. In conjunction with PR2(S), this bit is also 
decoded to enable character maps from planes 2 
or 3. See PR2(S) for details. 

Bit 1 

This bit is the third clock select line VCLK2 which 
is sent to the external clock chip if CNF(3) is set to 
1. When CNF(3) is set to 0, setting this bit locks 
the internal video clock select multiplexer. 

Bit 0 

Forces horizontal sync timing clock of the CRTC 
to VCLK. Uses VCLK when sequencer register 1 
bit 3 is set for VCLKl2. This is for compatibility 
modes that require locking the CRTC timing 
parameters. 
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5.10.4 PR3 - CRT Lock Control Register, 
ReadlWrite Port=3CF, Index = OOH 

BIT FUNCTION 

7 Lock VSYNC Polarity 

6 Lock HSYNC Polarity 

5 Lock Horizontal Timing 

4 Bit 9 Control 

3 Bit 8 Control 

2 CRT Control 

1 Lock Prevention 

0 Lock Vertical liming 

Register locking is controlled by 4 bits. They are 
PR3 (5,1,0) and 3?5.11(7) (i.e., the IBM Vertical 
Retrace End Register Bit 7 controlled by index 
register 11). When Bit 7 is 1, CRT controller 
registers (RO-7) are write protected by VGA defini
tion. Information on the five groups, and their 
locking schemes, is provided below. 

• Group 0 
These registers are locked if PR3(5}=1 OR 
3?5.11 (7}=1. 
CRT Controller Register 00 
-Horizontal Total Characters per scan 
CRT Controller Register 01 
-Horizontal Display Enable End 
CRT Controller Register 02 
-Start Horizontal Blanking 
CRT Controller Register 03 
-End Horizontal Blanking 
CRT Controller Register 04 
-Start Horizontal Retrace 
CRT Controller Register 05 
-End Horizontal Retrace 

WD90C20 REGISTERS 

• Group 1 
These registers are locked if PR3(1}=0 AND 
3?5.11(7}=1. 
CRT Controller Register 07(Bit6) 
-Vert. Display Enable End bit 9 
CRT Controller Register 07(Bit1} 
-Vert. Display Enable End bit 8 

• Group 2 
These registers are locked if PR3(0)=1 OR 
3?5.11 (7)=1. 
CRT Controller Register 06 
- Vertical Total 
CRT Controller Register 07(Bit7) 
-Vertical Retrace Start bit 9 
CRT Controller Register 07(Bit5) 
-Vertical Total bit 9 
CRT Controller Register 07(Bit3) 
-Start Vertical Blank bit 8 
CRT Controller Register 07(Bit2) 
-Vertical Retrace Start bit 8 
CRT Controller Register 07(BitO) 
-Vertical Total bit 8 

• Group 3 
These registers are locked if PR3(0)=1. 
CRT Controller Register 09(Bit5) 
-Start Vertical Blank bit 9 
CRT Controller Register 10 
-Vertical Retrace Start 
CRT Controller Register 11 [Bits(3:0)] 
-Vertical Retrace End 
CRT Controller Register 15 
-Start Vertical Blanking 
CRT Controller Register 16 
-End Vertical Blanking 

• Group 4 
This register is locked if PR3(5)=1. 
CRTC mode Control Register 17(Bit2) 
-Selects divide by two vertical timing 
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Bit? 

Lock VSYNC polarity, as programmed in 3C2 
Bit 7. 

Bit 6 

Lock HSYNC polarity, as programmed in 3C2 
Bit 6. 

Bit 5 

Lock Horizontal Timing. 
Locks CRTC registers of Group 0 and 4. 
Prevents attempt by applications software to un
lock Group 0 registers by setting 3?5.11 Bit 7=0 

Bit 4 

Bit 9 of CRT Controller Start Memory Address 
High Register 3?5.0C, and Bit 9 of Cursor Loca
tion High 3?5.0E. This bit corresponds to Charac
ter Address CA (17). 

Bit 3 

Bit 8 of CRT Controller Start Memory Address 
High Register 3?5.0C, and Bit 8 of Cursor Loca
tion High 3?5.0E. This bit corresponds to Charac
ter Address CA (16). 

Bit 2 

Cursor start, stop, preset row scan, and maximum 
scan line address register values multiplied by 
two. 

Bit 1 

1 = Prevents attempt by applications software to 
lock registers of Group 1 by its setting 3?5.11 
Bit 7=1. 

Bit 0 

Lock Vertical Timing. 
1 = Locks CRTC registers of Groups 2 and 3. 

Overrides attempt by applications software to 
unlock Group 2 registers by its setting 3?5.11 
Bit 7=0. 

WD90C20/WD90C20A 

5.10.5 PR4- Video Control Register, 
Read/Write Port=3CF, Index = OEH 

The video monitor output control register (PR4) 
can be programmed to tri-state the CRT display 
control outputs as well as video data for the RAM
DAC, and memory control outputs. 

BIT FUNCTION 

7 BLNK I Display Enable 

6 PCLK=VCLK 

5 Tri-state Video Outputs 

4 Tri-state Memory Control Outputs 

3 Override CGA Enable Video Bit 

2 Lock Internal Palette and Overscan 
Registers 

1 EGA Compatibility 

0 Ext 256 color Shift Register Control 

Bit 7 

This bit controls the output signal BLNK. 
Normally in the VGA mode, BLNK is used by the 
external video DAC to generate blanking. If this 
bit = 1, the BLNK output supplies a display enable 
signal. One of two types of display enable timings 
can be selected; the choice is determined by 
PR15(1 ). 

Bit 6 

Select PCLK Equal to VCLK. 
o = PCLK is the inverted internal video dot clock, 

or half the dot clock frequency, depending 
upon the video mode. 

1 = PCLK is always the non-inverted VCLK input 
clock. 

Bit 5 
Tri-state the outputs VID(7:0), HSYNC, VSYNC, 
and BLNK. 
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Bit 4 

Tri-state the Memory Control Outputs. 
The memory address bus, MA(8:0), and all ten 
DRAM control signals, are tri-stated when this bit 
is set to 1. 

Bit 3 

Overrides the CGA "enable video" Bit 3 of mode 
register 3D8, only in 80 by 25 alpha CGA (Non
VGA) mode. Override effectively forces this bit to 
1. Power-on-reset causes no override. 

Bit 2 

Lock Internal Palette and Overscan Registers. 

Bit 1 

EGA compatibility bit where 1 = EGA Compatible 
Mode. It disables reads to all registers which are 
writ.e-only registers in the IBM EGA. Also, 
registers at 3CO/3C1 change to write-only mode if 
the EGA compatibility bit is set. In addition to 
selecting EGA compatibility bit, setting this bit to 1 
disables reading PRO-PR5. In VGA mode (PR(4) 
Bit 1 is 0) 3CO register is readlwrite while 3C1 
register is r~ad only, according to the Attribute 
Controller register definitions. 

Bit 0 

Shift Register Control. 
This bit configures the video shift registers for 
256-color mode. 

WD90C20 REGISTERS 

5.10.6 PR5 - General Purpose Status Bits 
Read/Write Port=3CF, Index = OFH 

BIT FUNCTION 

7 Read CNF(7) Status 

6 Read CNF(6) Status 

5 Read CNF(5) Status 

4 Read CNF(4) Status 

3 Read CNF(S) Status 

2 PRO-PR4 Unlock 

1 PRO-PR4 Unlock 

0 PRO-PR4 Unlock 

Bits (2:0) are READIWRITE bits and cleared to 0 
by reset. They provide lock or unlock capability 
for PR registers PRO through PR4 like the 
PVGA1A. The PRO through PR4 registers are un
lock~ when "X5He.x" is written to PR5. They 
remain unlocked until any other value is written to 
PR5. This register also provides readable status 
for !he configur~tion register Bits 4 through S. 
Setting PR(4) Bit 1 to 1 read protects registers 
PRO through PR5. 

BIT FUNCTION 

7 CNF(7) [READ ONLY] 

6 CNF(6) [READ ONLY] 

5 CNF(5) [READ ONLY] 

4 CNF(4) [READ ONLY] 

3 CNF(S) [READ ONLY] 

Bits (2:0) 

READIWRITE bits are cleared to 0 by reset. They 
control writing to PR registers PRO through PR4 
as follows: 

2 1 0 PRO-PR4 

0 X X Write Protected 

X 1 X Write Protected 

X X 0 Write Protected 
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5.10.7 PR10 Unlock PR11-PR17 
Read/Write Port = 3?5, Index = 29H 

This register is READIWRITE and cleared to 0 by 
reset. PR10 can only be read if it has 
1 XXXOXXX. Bits (7,3), Bits (6:4), and Bits (2:0) 
control access to PR registers PR10 through 
PR17. Bits 7 and 3 enable register read operation 
for PR10 through PR17. Bits (6:4) may be used 
as scratch pad. Bits (2:0) enable register write 
operation for PR11 through PR17. 

BIT FUNCTION 

7 PR1 0-PR17 - Read Enable Bit 1 

6-4 PR10(6:4) - Scratch Pad 

3 PRi 0-PRi7 - Read Enable Bit 0 

2-0 PRi1-PR17 - Write Enable 

BIT7 BIT3 PR10-PR17 

0 X Read protected, read back 
data FFH 

X 1 Read protected, read back 
data FFH 

1 0 Read Enabled 

BIT2 BIT1 BITO PR11-PR17 

0 X X Write Protected 

X 1 X Write Protected 

X X 0 Write Protected 

1 0 1 Write Enabled 

BIT6 BIT5 BIT4 PR10(6:4) 

0 X X Scratch pad 

X 1 X Scratch pad 

X X 0 Scratch pad 

1 0 1 Reserved for 
Manufacturing Test 

WD90C20/WD90C20A 

5.10.8 PR11 EGA Switches 
Read/Write Port = 3?5, Index = 2AH 

The EGA switch configuration details are stored in 
the PR11 register bits. 

BIT FUNCTION 

7 EGASW4 

6 EGASW3 

5 EGASW2 

4 EGASW1 

3 EGA Emulation on Analog Display 

2 Lock Clock Select 

1 Lock Graphics and Sequencer 
Screen Control 

0 Lock 8/9 Character Clock 

Bits (7:4) 

EGA configuration switches SW4-SW1. These 
bits are READIWRITE and latched internally at 
power-on-reset from corresponding memory data 
bus pins MD(15:12), provided with either pull-up 
or pull-down external resistors. PULLING UP 
MD(15:12) causes PR1i (7:4) to be latched HIGH. 
These bits can be read as bit 4 of port 3C2 if the 
EGA compatibility bit [PR4(i)] has been set to 1. 
Selection of the bit to be read is determined by 
Bits 3 and 2 of the Miscellaneous Output Register 
3C2, as follows. 

WRITE READ 
3C2 bit 3 3C2 bit2 3C2 bit 4 

0 0 PR11 (7) [=EGA SW4] 

0 1 PR11 (6) [=EGA SW3] 

1 0 PR1i (5) [=EGA SW2j 

1 1 PR1i (4) [=EGA SW1] 

PRii Bits 3 through 0 are READIWRITE and 
cleared to 0 at power on reset. 
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Bit 3 

Select EGA Emulation on a PS/2 (VGA
compatible analog) display. 

Bit 2 

Lock Clock Select. 
This bit locks the internal video clock select mUlti
plexer and disables loading of an external clock 
chip through VCLK1. 

Bit 1 

Lock Graphics Controller/Sequencer Screen Con
trol. Setting PR11 (1) to 1 prevents modification of 
the following bits in the Graphics controller and 
Sequencer: 

Graphics controller 
Sequencer 
Sequencer 

3CF.05 bits (6:5) 
3C5.01 bits (5:2) 
3C5.03 bits (5:0) 

Altho~gh the internal functions selected by these 
graphics controller and sequencer bits are locked 
by setting PR11 bit 1 to 1, they appear unlocked 
to the system processor during a read operation. 

Bit 0 

Lock 8/9 Dots. 
Setting this bit to 1 prevents modification of clock
ing mode sequencer register 3C5.01 Bit o. Al
though ~ or 9 character timing is locked by setting 
PR11 Bit 0 to 1, the 3C5.01 Bit 0 appears unlock
ed to the system processor during reads. 

WD90C20 REGISTERS 

5.10.9 PR12 Scratch Pad 
Read/Write Port = 3?5, Index = 2BH 

FUNCTION 

Scratch Pad Bits (7:0) 

The data in this register is unaffected by hardware 
reset and undefined at power-up. 

5.10.10 PR13 Interlace H/2 Start 
Read/Write Port = 3?5, Index = 2C 

FUNCTION 

Interlaced H/2 Start 

The data in this register is unaffected by hardware 
reset and undefined at power-up. This register 
defines the starting horizontal character count at 
which vertical timing is clocked on alternate fields 
in interlaced operation. Interlaced operation is 
enabled by setting PR14(5) to 1. All other stand
ard non-interlaced modes are unaffected by the 
contents of this register. This register must be 
programmed with a value derived from the values 
chosen to be programmed into the Horizontal 
Retrace Start Register (3?5.04) and Horizontal 
Total Register (3?5.00). The equation is as fol
lows: 

PR13(7:0) = [HORIZONTAL RETRACE START] -
[(HORIZONTAL TOTAL + 5)/2] + HRD 

NOTE: HRD = Horizontal Retrace Delay, deter
mined by Bits 6 and 5 of the Horizontal Retrace 
End Register (3?5.05). 
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5.10.11 PR14 Interlace H/2 End 
Read/Write Port = 3?5, Index = 2DH 

Bits 4 through 0 are unaffected by hardware reset 
and undefined at power-up. Bits 7 through 5 are 
cleared to 0 by reset. 

BIT FUNCTION 

7 Enable IRQ 

6 Vertical Double Scan for EGA 
on PS/2 Display 

5 Enable Interlaced Mode 

4-0 Interlaced H/2 Start 

Bit 7 

Enable IRQ. 
This bit may be set to enable CRT interrupts to be 
generated when configured for AT BUS operation, 
allowing EGA compatibility support for interrupt
driven EGA applications. For VGA operation with 
an AT BUS, interrupts are not used, and this bit 
should be set to o. This bit should not be set to 1 
in Micro Channel operation. 

Bit 6 

Vertical Double Scan. 
This bit should be set to 1 when emulating EGA 
on a PS/2 display. Setting this bit to 1 causes the 
CRTC's Vertical Displayed line counter and row 
scan counter to be clocked by divide-by-two 
horizontal timing if vertical sync polarity (3C2 Bit 
7=0) is programmed to be positive. The relation
ship between the actual number of lines displayed 
[N] and the data [n] programmed into the Vertical 
Display Enable End register is as follows: 

N=2(n+1) 

Likewise, the relationship between the actual 
number of scan lines per character row [N) and 
the data [n] programmed in the maximum Scan 
Line register holds true. 

WD90C20/WD90C20A 

Bit 5 

Interlaced Mode. 
Setting this bit to 1 selects interlaced mode. Inter
laced mode can be used in video modes in which 
the data programmed into the Maximum Scan 
Line Address register [3?5.09] = OXXOOOOo. 
Line compare and double scan are not supported. 

Bits (4:0) 

Interlaced H/2 End Bits (4:0). 
Add the contents of the Interlaced H/2 Start 
Register PR(13) to the horizontal sync width 
(same as defined by 3X5.04,05). Program 5 LSB 
of the sum into these bit locations. 

5.10.12 PR15 Miscellaneous Control 1 
Read/Write Port = 3?5, Index = 2EH 

BIT FUNCTION 

7 Read 46E8 Enable 

6 LowVCLK 

5 VCLK1 ,VCLK2 Latched Outputs 

4 VCLK = MCLK 

3 8514/A Interlaced Compatibility 

2 Enable Page Mode 

1 Select Display Enable 

0 Disable Border 

Bit 7 

Enable Reading Port 46E8H. 
This bit is functional only if AT BUS architecture 
[CNF(2)=1) is selected. Setting this bit to 1 
enables I/O port 46E8H to be read, regardless of 
the state of its own bits 3 and 4 and of port 102 bit 
o (sleep bit). Only bits (4:0) of port 46E8H are 
readable; bits (7:5) are O. 
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Bit 6 

LowVCLK. 
Setting this bit to 1 adjusts the memory timing to 
allow use of a video clock (VCLK) frequency 
which is much lower than the memory clock 
(MCLK) frequency. This bit should be set to 1 if 
the following expression is satisfied: 

(MCLK in MHZ) / (VCLK in MHZ) >2 

Bit 5 

Latched VCLK1 and VCLK2. 
This bit is used only if CNF(3) = 1 (which con
figures the VCLK1 and VCLK2 pins as outputs). 
Setting this bit to 1 causes outputs VCLK1 and 
VCLK2 to equal Bits 2 and 3 of I/O write register 
(Miscellaneous output register) at 3C2H, respec
tively. 

Bit 4 

Select MCLK as Video Clock. 
Setting this bit to 1 causes the MCLK input to be 
selected for the source of all video timing. The 
other three VCLK inputs cannot be selected when 
this bit is set. 

Bit 3 

Interlaced Compatibility. 
This bit should be used only if interlaced mode is 
selected (see PR14). This bit should be set to 1 if 
exact timing emulation of the IBM 8514/A's inter
laced video timing is required. Setting this bit to 1 
causes vertical sync to be generated from the 
trailing edge of non-skewed horizontal sync, in
stead of leading edge, as generated for VGA 
timing. 

Setting this bit to 1 also removes two VCLK 
delays from the default VGA video dot path delay 
chain. 

Bit 2 

Select Page Mode Addressing. 
Setting this bit to 1 forces screen refresh memory 
read cycles to use page mode addressing in 
alpha modes. Page mode addressing is automat
ically used in the graphics modes. Page mode 
addressing requires less time than RAS-CAS ad
dressing; therefore, selecting page mode ad
dressing increases the bandwidth for .the CPU to 
access video memory (by 30-40%). Set this bit to 
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1 if 132 character mode timing is selected (see 
description of PR2). Setting this bit to any alpha 
mode overrides the character map select func
tions of PR2(2) and PR2(5). When this bit is set to 
1, it redefines the Character Map Select Register 
(3C5.03). One of eight, 8 Kbyte memory seg
ments containing a pair of maps in Plane 2 or 
Plane 3 is addressed by bits (2:0) of this register, 
while the map selection is determined by the bits 
(4:3). A pair of adjacent 8 Kbyte character maps 
in planes 2 and 3 (adjacent in the sense that they 
have the same addressing), may be selected by 
Bit 3 of the attribute code. 

The Character attribute Bit 3, in conjunction with 
bits 3 and 4 of the Character Map Select register 
(3C5.03), determine a character map from either 
Plane 2 or Plane 3 as shown by the table below. 

3C5.03 3C5.03 ATT PLANE 
BIT4 BIT3 BIT3 SELECT 

0 0 X 2 

1 1 X 3 

1 0 0 2 

1 0 1 3 

0 1 0 3 

0 1 1 2 

NOTE: The above Character Map Select func
tions override the functions of PR2(5) and PR2(2). 

This bit must be set to 1 before loading the char
acter maps into the video DRAM, because the 
addressing of the page mode character maps dif
fers from the addressing of the default, non-page 
mode. However, setting this bit to 1 internally 
redirects all necessary addressing to make load
ing the character maps the same, whether in page 
mode or non-page mode. 
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Bit 1 

Display Enable Timing Select. 
This bit is used to choose between two types of 
Display Enable timings available at output pin 
BLNKN if PR4(7)=1. If PR4(7)=0, this bit has no 
effect. 
0= BLNKN supplies Pre-Display Enable. Pre

Display Enable timing precedes active video 
by one dot clock. 

1 = BLNKN supplies Display Enable. The display 
enable timing coincides with active video 
timing. 

Bit 0 

Disable Border. 
Setting this bit to 1 forces the video outputs to 0 
during the interval when border (overscan) color 
would be active. 

5.10.13 PR16 Miscellaneous Control 2 
Read/Write Port = 315, Index = 2FH 

BIT FUNCTION 

7 External Register 46E8H Lock 

6 CRTC Address Count Width Bit 1 

5 CRTC Address Count Width Bit 0 

4 CRTC Address Counter Offset Bit 1 

3 CRTC Address Counter Offset Bit 0 

2 Enable Odd/Even Page Bit 

1 VGA Mapping Enable 

0 Lock RAMDAC Write Strobe 

Bit (7) 

Lock External 46E8H Register. 
Setting this bit to 1 causes EBROMN output to be 
forced high (inactive) during I/O writes to port 
46E8H. This bit has no effect on loading the inter
nal port 46E8H. 
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Bit (6:5) 

CRTC Address Counter Width. 
Power-an-reset clears these bits to o. These two 
bits determine the modulus of the CRT controller's 
address counter, allowing its count width to be 
limited to 64 Kbyte or 128 Kbyte locations (Byte, 
Word, Double word). These bits may be used in 
virtual VGA applications containing 512 Kbyte or 
1024 Kbyte of video memory in which the CRT 
controller is limited to only 64 Kbyte or 128 Kbyte 
locations. Bit PR16(6) should be set to 1 to en
sure that the VGA and EGA compatible operation 
of the address counter is limited to 64 Kbyte loca
tions. The following table shows details: 

PR16(6) PR16(5) COUNT WIDTH 

0 0 256 Kbyte 

0 1 128 Kbyte 

1 X 64 Kbyte 

Bit (4:3) 

CRTC Address Counter Offset. 
Bits 4 and 3 are summed with the CRT Control
ler's Address Counter bits CA(17) and CA(16), 
respectively. The 2-bit result defines the starting 
location of the displayed video buffer at one of the 
four 64 Kbyte boundaries. 

Bit 2 

Enable Page Bit for Odd/Even. 
This bit affects addressing of memory by the sys
tem processor, if chain 2 (Odd/Even) has been 
selected by setting 3CF.06(1) to 1, setting 
3C5.04(1) to 1, selecting extended memory, and 
setting 3C5.04(3) to 0 to deselect chain 4 ad
dressing. It enables the "Page Bit for Odd/Even" 
[3C2(5)] to select between two pages of memory, 
by controlling video RAM address 0, regardless of 
the Memory Size bits PR1 (7:6). 
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Bit 1 

VGA Memory Mapping. 
Setting this bit to 1 selects 256 Kbyte IBM VGA 
Mapping, regardless of the Memory Size bits 
PR1 (7:6). 

Bit 0 

Lock RAMDAC Write Strobe (3C6H - 3C9H). 
Programming this bit to 1 causes output WPLTN 
to be forced to 1 , disabling I/O writes to the video 
DAC registers. The DAC state register, located 
inside the WD90C20, is also protected from the 
modification but may still be read at the port 
3C7h. For normal operation, program this bit to O. 

5.10.14 PR17 Miscellaneous Control 3 
Read/Write Port = 3?5, Index = 30 

This 2-bit register can be loaded only if PR10 
(3?5.29) contains XXXXX101. It can be read 
only if PR10 contains 1XXXOXXX, and if both 
PR1 B (7:5) is not 101 and PR30 (6:4) is not 011. 

BIT 
(7:2) 

1 
0 

Bit (7:2) 

Reserved. 

Bit 1 

FUNCTION 
Reserved 
MDA Compatibility 
Map Out 2 Kbyte From BIOS ROM 

MDA Compatibility Enable Bit. 
Setting this bit to 1 enables MDA compatibility 
which will: 

1. Disable I/O write to Hercules register 3BF. 

2. Force Bit 7 of 3BA to 1. 

3. Select underline decode of attribute XXXXX001 
(if this bit is 0, underline decode is XOOOX001). 

Reset sets this bit to O. 

Bit 0 

Map Out 2 Kbyte of BIOS ROM. 
Setting this bit to 1 disables access of the BIOS 
ROM in the system address range C6000H -
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C67FFH. Power-on-reset sets this bit to 1. Clear
ing this bit to 0 enables access to all 32 Kbyte 
addresses of the BIOS ROM from CCOOOH -
C7FFFH. 

5.10.15 PR18 Flat Panel Status Register 
Read Write Port = 3?5, Index = 31 

Bit 7 
DAC shut-off. 
0= the built-in DAC is enabled as normal. 
1 = the built-in DAC is forced off. 
(This bit is used for the WD90C20A only) 

Bit 6 

Reserved. 

Bit 5 

Reserved. 

Bit 4 (WD90C20A)* 

Enable Reverse Video in Flat Panel Mode. 
This bit controls reverse video in text mode and 
normal video in graphics mode and is used to 
reverse the polarity of the video output data 
UD(3:0) and LD (3:0). 

- For WD90C20A: 
If PR18 (4) = 0, then only normal video 
displayed. 
If PR18 (4) = 1 and PR39 (3) = 0, then 
reverse video is displayed in both text and 
graphics modes. 
If PR18 (4) = 1 and PR39 (3) = 1, then re
verse video is displayed only in text mode, 
while normal video is displayed in graphics 
mode. 

PR39 (3) PR18 (4) TEXT GRAPHICS 

X 0 Normal Normal 
0 1 Reverse Reverse 
1 1 Reverse Normal 

x=don't care 
* This feature is not available for WD90C20 
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Bit 3 

Reserved. 

Bit 2 

TFT Color LCD Select. 
This bit is not readable. 
o = Disable TFT type color LCD panel interface. 
1 = Enable TFT type color LCD panel interface. 

Bit(1 :0) 

Panel Select Bit 1 and Bit o. 
These two bits are used to select different sets of 
parameters which will be loaded into the CRT 
controller. The parameters should be locked after 
loading. 

PSB (1) PSB(O) PANEL TYPE 

0 0 Dual Panel LCD Display 

1 0 EL Display 

1 1 Single Panel LCD 
Display 

PR18(1) PR18(0) PR19(5) 

0 0 0 

0 0 1 

0 1 1 

1 0 0 
·1 0 1 
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5.10.16 PR19 Flat Panel Control Register, 
Read/Write Port = 315, Index 32 

BIT 

7 

6 

5 

4 

3 

2 

(1 :0) 

Bit 7 

Reserved. 

Bit 6 

FUNCTION 

Reserved 

FP Timing Select 

CRT Display Enable 

Flat Panel Display Enable 

Screen Auto-CenteringlVertical Ex-
oansion Select 
Enable Auto Centering and Vertical 
Expansion 
Adjustment of HSYNC Timing 

FP Timing Select. 
This bit is used to select two different frame pulse 
(FP) timings for different LCD panels. 
o = Select ON time during first horizontal line. 
1 = Select ON time during second horizontal line. 

Bit 5 

CRT Display Enable. 
This bit enables CRT to be the display device. 
o = Disable CRT display. 
1 = Enable CRT display. 
NOTE: Upon hardware reset, PR19 (5) =0 

PR19(4) CRT CONTROLLER (TIMING) 

1 Based on LCD 

0 Based on CRT 

0 Based on CRT 

1 Based on EL 

0 Based on CRT 

ADVANCED INFORMATION 11125191 14-67 

II 



MrD90C20~D90C20A 

Bit 4 
Flat Panel Display Enable. 
This bit enables the flat panel as the display 
device. 
o = Disable Flat Panel display. 
1 = Enable Flat Panel display. 

The WD90C20A supports simultaneous display of 
both a CRT and single-panel color LCD with verti
cal expansion and autocentering. The following 
table shows the LCD/CRT polarity in various 
modes. 

DISPLAY MODE LBDIR 

CRT only H 
Flat panel only L 
Simultaneous display L 

Notes: 
1. Upon hardware reset, PR19 (4) = 1 
2. When the flat panel display is not enabled, the 

outputs UD (3:0) and LD (3:0) are active and 
may be used as the pixel address to drive an 
external RAMDAC. 

3. For simultaneous display of CRT and certain 
flat panel, set PR19 (5:4) = 11. In this case, 
the display is locked in 8-dot clock mode and 
the output -LCD/CRT = o. The following flat 
panel may be displayed simultaneously with a 
CRT: plasma, TFT LCD, and color STN LCD. 
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Bit 3 (WD90C20A only)* 
Screen AutocenteringNertical Expansion Select. 
0= Autocentering (default). 
1 = Reserved for Vertical Expansion (set to 0). 
• This feature is not available for WD90C20. 

Bit 2 

Enable Autocentering and Vertical Expansion. 
o = Disable (default). 
1 = Enable. 

NOTE: This is used only for pulse wave modula
tion on the LCD panel. 

Bit (1 :0) (WD90C20A only)* 

Adjustment of HSYNC timing. 

PR19(7), PR19(1), and PR19(O) are used to 
select number of VCLK delays to adjust the 
HSYNC timing. 
• This feature is not available for WD90C20. 

PR19(7) PR19(1) PR19(0) NUMBER OF 
VCLKDELAY 

0 0 0 No Delay 
0 0 1 1 
0 1 0 2 
0 1 1 3 
1 0 0 4 
1 0 1 5 
1 1 0 6 
1 1 1 7 
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5.10.17 PR1A Flat Panel Control I! Register, 
Read/Write Port 3?5, Index = 33 

BIT FUNCTION 

(7:6) Select IOCHRDY Release Timing in 
CPU Memory Read Cycle 

(5:4) Select IOCHRDY Release Timing in 
CPU Memory Write Cycle 

3 Enable CGA Color to Gray Scale Ad-
iustment 

2 Shading Method Select 

1 Select Number of Memory Refresh 
Cycles 

0 Select Memory Refresh Cycles Con-
trol 

Bit(7:6) 

Select IOCHRDY Release Timing in CPU Memory 
Read Cycle. 

BIT 7 BIT6 RELEASE TIMING 

0 0 1 MCLK before 
CPU completes read 
cycle 

0 1 2 MCLKs before 
CPU completes read 
cycle 

1 0 3 MCLKs before 
CPU completes read 
cycle 

1 1 4 MCLKs before 
CPU completes read 
cycle 

WD90C20/WD90C20A 

Bit (5:4) 

Select IOCHRDY Release Timing in CPU Memory 
Write Cycle 

BIT5 BIT4 RELEASE TIMING 

0 0 1 MCLK before 
CPU completes write 
cycle 

0 1 2 MCLK delay after 
CPU wins arbitration 

1 0 3 MCLK delay after 
CPU wins arbitration 

1 1 4 MCLK delay after 
CPU wins arbitration 

Bit 3 

Enable CGA Color to Gray Scale Adjustment. 
This bit is used to add adjustment of weighting 
equation in CGA mode to get 16 different gray 
scale codes. 
0= Disable. 
1 = Enable. 

NOTE: For VGA. bit should be set to O. 

Bit 2 

Shading Method Select. 
o = Frame rate modulation (default). 
1 = Pulse width modulation. 

Bit 1 

Select Number of Memory Refresh Cycles. 
o = Select 1 refresh cycle/horizontal line. 
1 = Select 2 refresh cycles/horizontal line. 

Bit 0 

Select Memory Refresh Cycles Control. 
o = Memory refresh cycles controlled by CRT 

controller. 
1 = Memory refresh cycles controlled by PR 1 A(l) . 
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5.10.18 PR1 B Flat Panel Unlock Register, 
ReadlWrite Port 3?5, Index = 34 

This register is used to protect PR18, PR19, 
PR1A, PR 30, PR36 through PR41, and PR44 
from being read from or written into. In order to 
unprotect (read or write) the above registers, 
PR 1 B must be first loaded with 101 XXXXX. The 
above registers remain unprotected until another 
value is written into PR1 B. 

PR1 B is also used to lock all Shadow registers. 
To unlock the Shadow registers, PR 1 B must be 
loaded first with XXXXX110; all Shadow registers 
remain unlocked until another value is written to 
the PR1 B register. 

In WD90C20A upon hardware reset, PR1 B is ini
tialized to 101XX110, and the Shadow registers 
PR18, PR19, PR1A, PR30, PR36 through PR41, 
and PR44 are unprotected. 

5.10.19 PR30 Mapping RAM Unlock Register, 
Read/Write Port = 3?5, Index = 35 

This register is used to protect mapping RAM 
registers (PR33 through PR35) from being ac
cessed. In order to read or write to these 
registers, PR30 must be loaded first with 
X011XXXX; all mapping RAM registers remain 
unlocked until another value is written to the PR30 
register. 
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5.10.20 PR33 Mapping RAM Address Counter 
Register, ReadlWrite Port = 3?5, 
Index =38 

This register is used to select the RAM ADDRESS 
COUNTER register. 

NOTE: Any I/O Read or Write to the I/O port 
3?5.39H (Mapping RAM Data register) will incre
ment the Mapping RAM Address Counter by one. 

5.10.21 PR34 Mapping RAM Data Register, 
Read/Write Port = 3?5, Index = 39 

This register is used to select the RAM data 
register for memory read or memory write. 
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MCLK+---+~ MCK 

VCLK +r--+-t00l VCK 

REFRESH.-----------~L:M~U;x~UI 

r;:;;;-;::;:;-;;-~~_l__1'iAS 
~-----j--~~CJm 

SYSTEM POWER DOWN MODE (SLEEP) 

A. RAMDAC is off. 

B. Clock inputs are turned off as they enter 
the chip. 

C. CAS before RAS video memory refresh is 
generated from REFRESH input. 

D. Neither video memory or 1/0 can be 
accessed in this mode. 

E. RAMDAC and Mapping RAM contents are 
lost and must be reloaded to resume. 

MCLK..,-----.i 

I-+-_~MCK 

VCLK ... ----_1 
I-f-.... VCK 

~-I-----~ 

liAS 
L-~ ________ ..:;;;~~CAS 

DISPLAY IDLE MODE (SUSPEND/RESUME) 

A. RAMDAC is off. 
B. MCLK and VCLK are divided by 8. 

C. Refresh is CAS before RAS and generated by 
REFRESR input. 

D. lID is accessable and memory is ~ accessable. 

WD90C20/WD90C20A 

MCLK-I---Hooof 

VCLK +r--+-t00l 

liAS 

L-~~~~~Jr~CJm 
GENERAL POWER DOWN MODE 
(EXTERNAL CLOCK) 

A. RAMDAC is off. 
B. MCLK and VCLK are not modified; their 

speed is reduced by system resources. 
C. Refresh cycles triggered by PR44 may 

be RAS only or CAS before RAS. 
D. Video memory and 1/0 are accessable. 

MCLK I-r----_.oof 

I-f-~MCK 

VCLK ..,.-----II~I 

I-f-.... VCK 

liAS 
L.....! ________ ..:;;;;;;;r--- CAS 

GENERAL POWER DOWN MODE 
(INTERNAL CLOCK) 

A. RAMDAC is off. 
B. MCLK and VCLK are divided by 8. 
C. Refresh cycles triggered by PR44 may be RAS 

only or CAS before RAS. PR44 can be RAS only. 
D. Video memory and 1/0 are accessable. 

FIGURE 5-1. SYSTEM POWER DOWN-MODE DISPLAY IDLE MODE 
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PR44(7) PR35(7) PR35(6) 

0 1 X 

0 0 X 

1 X 0 

1 X 1 

5.10.22 PR35 Mapping RAM and Power-Down 
Control Register, 
Read/Write Port = 3?5, Index = 3A 

BIT FUNCTION 

i Select System Power-Down 
Mode/Display Idle Mode 

61 Select Internal Divided By 8 Clock to 
Control General Power-Down Mode 

51 Host Release Control 

41 Reserved; set to 1 . 

31 Reserved 
21,2 Enable CAS before RAS Memory 

Refresh Cycle 
1 Enable Weighting Equation 

0 Reserved; set to 1. 

1 Readable only in WD90C20A when 
PR30=X011 XXXX. 

2 Used in WD90C20A only. 
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MODE 

System Power-Down Mode: MCLK and VCLK 
are turned off. Video memory refresh is 
generated from PDREF. Neither memory nor 
I/O can be accessed. RAMDAC and Mapping 
RAM must be reloaded. 
Display Idle Mode: MCLK and VCLK are 
divided by 8 before being distributed across 
the chip. Video memory refresh is generated 
from PDREF. Only I/O can be accessed. 
General Power-Down (External Clock Used): 
MCLK and VCLK inputs are used to drive the 
chip. The assumption is made that MCLK and 
VCLK have been reduced by some other part 
of the system. The video memory refresh 
period is readjusted for the slower clock by 
PR44(6:0). Both memory and I/O can be ac-
cessed. 
General Power-Down (Internal Clock Used): 
MCLK and VCLK inputs are divided by 8 
before being distributed across the chip. The 
video memory refresh period is readjusted for 
the slower clock by PR44(6:0). Both memory 
and I/O can be accessed. 

Bit 7 

Select System Power-Down Mode/Display Idle 
Mode. Refer to Figure 5-1. This bit is not 
readable. 
o = Display idle mode (default). 
1 = System power-down mode; MCLK and VCLK 

turned off. 

Bit 6 

Select Internal Divided by 8 Clock to Control 
General Power-Down Mode. This bit is active 
only when PR44(7) is set at 1. This bit is not 
readable. 
o = Disable internal clock. 
1 = Enable internal clock; clock is divided by 8. 

Bit 5 

Host Release Control. 
This bit is designed to allow another VGA control
ler in the I/O bus. When PR35(5) is set to 1 and 
PDOWN input is set to 0, the WD90C20 will not 
respond to any CPU memory or I/O accesses. All 
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output buffers of the system interface are turned 
off (tristate). 

This bit is used to turn the IBM VGA weighting 
equation on and off in either color mode or 
monochrome mode. 

There are four power-down modes. The following 
conditions are true in each powerdown mode. 

a = Disable weighting equation. 
1 = Enable weighting equation. 

1. Video memory is maintained. 
2. RAMDAC outputs are turned off. 

Bit 0 3. Panel outputs are turned off. 

Bit 4 

Reserved. This bit is set at 1. 

Bit 3 

Reserved. 

Bit 2 (WD90C20A)* 

Reserved. This bit is set at 1. 

5.10.23 PR36 Panel Height Select Register, 
Read/Write Port = 3?5, Index = 3B 

Enable CAS before RAS Memory Refresh Cycle. 
a = RAS only refresh cycle (default). 

This register is loaded with the height, less 1, of a 
single panel. This information is used to calculate 
autocentering, vertical expansion, and related 
values. In a 640 by 480 dual panel display, this 
register should be loaded with "EF". (480/2)-1 = 
23910 = EFH. In a 640 by 400 dual panel display, 
the equation is: (400/2)-1 = 19910 = C7H. 

1 = CAS before RAS refresh cycle . 
• This bit is used in WD90C20A only. 

Bit 1 

Enable Weighting Equation. 

BIT 2 1 0 
0 0 0 
0 a 1 
0 1 0 
a 1 1 
1 0 0 
1 a 1 

BIT 5 4 3 
0 0 0 
0 0 1 
a 1 0 
0 1 1 
1 a a 
1 a 1 

BIT 6 
a 
1 

BIT 7 
0 
1 

5.10.24 PR37 Flat Panel Blinking Control, 
Read/Write Port = 3?5, Index = 3C 

This register is used to select cursor or character 
blinking rate on flat panels. In CRT mode, this 
register is ignored. 

CURSOR BLINKING RATE SELECT 
No cursor blinking 
8 frames (8 on, 8 off) 
16 frames (16 on, 16 off) 
32 frames 
64 frames 
128 frames 
CHARACTER BLINKING RATE SELECT 
No cursor blinking 
8 frames (8 on, 8 off) 
16 frames (16 on, 16 off) 
32 frames 
64 frames 
128 frames 
PLASMA SHIFT CLOCK SELECT 
Select falling edge of the clock to latch data 
Select rising ed~e of the clock to latch data 
LCD LP SIGNAL SELECT 
LP will be disabled during vertical blanking period 
LP will be generated continuously during vertical blanking period 
(SCLK will be turned off) 
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5.10.25 PR39 Color LCD Control Register, 
Read/Write Port = 315, Index = 3E 

This register is used to support color LCD panel. 

BIT FUNCTION 

7 Enable Border LP Control 

6 Color LCD Panel Border Select 

5 Enable Color LCD Panel 

4 Micro Channel Interface 

3 Enable Reverse Video 

2 Enable CRT VSYNC and HSYNC 

1 FP Polarity Select 

0 LP Polarity Select 

Bit 7 

Enable Border LP Control. 
This bit is used to generate a special LP pulse to 
latch border information (black or white). 
o = Disable LP border control. 
1 = Enable LP border control. 

Bit 6 

Color LCD Panel Border Select. 
o = Select black border. 
1 = Select white border. 

Bit 5 

Enable Color LCD Panel. 
This bit is used to select monochrome LCD or 
color LCD. 
o = Disable color LCD panel select. 
1 = Enable color LCD panel select. 

Bit 4 

Enable Micro Channel Interface Enhancement. 
This bit is used to select Micro Channel interface. 
o = Select default liD cycle. 
1 = Select synchronous-extended liD cycle. 

Bit 3 

Enable Reverse Video. 
See PR18 (4) 
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Bit 2 (WD90C20A)* 

Enable CRT VSYNC and HYSNC 
If PR39 (2) = 0, then LBDIR pin=LBDIR signal 
and HBDIR pin=HBDIR signal. 
• This bit is used in WD90C20A only. 

If PR39 (2) = 1, then LBDIR pin=CRT VSYNC sig
nal and HBDIR pin=CRT HSYNC signal. 

PR39 (2) LBOIR HBOIR 

0 LBDIR HBDIR 
1 CRTVSYNC CRT HSYNC 

When the TFT panel is enabled, the polarities of 
CRT VSYNC and CRT HSYNC are now pulsed 
low, regardless of the values programmed in the 
Miscellaneous Output Register Bit 7 and Bit 6 in 
PR11 (3). 

Bit 1 (WD90C20A)* 
FP Polarity Select. 
If PR39 (1) = 0, then FP has normal polarity. 
If PR39 (0) = 0, then FP has reverse polarity. 
* This bit is used in WD90C20A only. 

Bit 0 (W090C20A)* 

LP Polarity Select. 
If PR39 (0) = 0, then LP has normal polarity. 
If PR39 (0) = 1, then LP has reverse polarity. 
• This bit is used in WD90C20A only. 

PR391Jl FP PR39(0) LP 
0 Normal 0 Normal 
1 Reverse 1 Reverse 
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5.10.26 PR41 Vertical Expansion Initial 
Value Register, 
Read/Write Port = 3?5, Index = 37 

Reserved. 

5.10.27 PR42 - PR43 Unlock Register, 
Write Only Port = 3C5, Index = 06 

This register locks the PR VGA Status registe~. In 
order to read/write to the PR VGA status register 
(PR43), PR42 must be loaded first wit~ 
X1 X01 XXX; PR43 will remain unlocked until 
another value is written to PR42. 

5.10.28 PR43 PR VGA Status Register, 
Read/Write Port = 3C5, Index = 07 

This register is used to indicate the current sta!us 
of the PR VGA chip and to enhance programming 
compatibility. 

BIT FUNCTION 

(7:4) Read/Write Scratch Pad Bits 

3 Color/Monochrome Emulation Status 

2 Mode Type 

1 EGA Compatibility Set 

0 Display Type 

Bit(7:4) 

Read/Write Sctatch Pad Bits. 
These four bits are available for temporary data 
storage. 

Bit 3 

Color/Monochrome Emulation Status. 
Read only, Bit 0, of Miscellaneous Output register 
(3C2). 
o = Monochrome emulation is enabled. 
1 = Color graphic emulation is enabled. 

Bit 2 

Mode Type. 
Read only, Bit 6 of PR2. 
o = Either VGA or EGA mode is enabled. 
1 = Non-VGA and non-EGA modes are enabled. 

WD90C20/WD90C20A 

Bit 1 

EGA Compatibility Set. 
Read only of PR4, Bit 1. 
0= EGA compatibility is disabled. 
1 = EGA compatibility and the ability to read 
PRO - PR5 registers are enabled. 

Bit 0 

Display Type. 
Read only of PR5, Bit 3. 
0= Analog (VGA-compatible) display is attached. 
1 = TIL (EGA-compatible) display is attached. 

5.10.29 PR44 Power-Down Memory Refresh 
Control Register, 
Read/Write Port = 3?5, Index = 3F 

This register controls two power saving fe~tur~s 
when in the general power-down modes. Bit 7 IS 

used with PR35(7:6) to determine which power
down mode is to be used. With some power
down modes, the clocks used to refresh memory 
are slowed or stopped. This is done because the 
power consumption of the CMOS chip is propor
tional to its clock frequency. PR44(6:0) are 
loaded with a value that modifies the video 
memory refresh period during power-down. 

BIT FUNCTION 

7 General Power-Down Mode Enable 

(6:0) Memory Refresh Cycle Period 

Bit 7 

General Power-Down Mode Enable Bit. 
This bit enables general power-down mode. 
o = Disables general power-down. 
1 = Enables general power-down. 

Bit(6:0) 

Memory Refresh Cycle Period. . . 
These bits are loaded with the value Z, which IS 

used to determine the refresh period when 
general power-down mode is used. Refresh 
period = VCLK x 8 x (Z+5). For example, as
sume: 
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1. Two memory refresh cycles are selected 
during horizontal blanking period in Flat Panel 
display mode. 

2. Each horizontal line has 96 character clocks. 
3. MCLK = 36 MHz, VCLK = 25 MHz. 
4. PR44 = BEH. 

When in powerdown mode, POWRDN = 0, 
MCLK = VCLK = 5 MHz. 

1. Z = 14. 
2. Refresh Cycle = 200 ns x B x (14 + 5). 
3. Maximum Refresh Period = 200 ns x B x (14 

+ 5 - 7) = 19.2jlS. 
4. Refresh Active lime = MCLK x 9 x 2 (cycle) 

= 200 ns x 9 x 2 = 3.6I.1.s. 

5.11 INTERNAL 1/0 PORTS 

5.11.1 AT Mode, Write Only Port 46E8H 
(Also at Port 56E8H, 66E8H, 76E8H) 

BIT 

7-5 

4 

3 

2-0 

Bit(7:5) 

Unused. 

Bit 4 

Setup. 

FUNCTION 

Unused 

Setup 

Enable 1/0 & Memory 

External BIOS ROM Page Select 

Puts WD90C20 into setup mode where only 1/0 
port 102H is accessible. 

Bit 3 

I/O and Memory Accesses. 
o = Disable 1/0 and memory accesses. 
1 = Enable 1/0 and memory accesses. 

WD90C20 REGISTERS 

Bit(2:0) 

Unused Internally. 
Used for BIOS ROM Page select. On 1/0 acces
ses to 46EBH, EBROMN becomes 1/0 write 
strobe for external implementation of BIOS ROM 
page mapping. Bits (2:0) are latched data bits to 
define 4 Kbyte pages on BIOS ROM. The exter
nal mapping logic affects the three most sig
nificant bits of address applied to the BIOS ROM. 
The ROM can, therefore, be thought of as consist
ing of eight, 4 Kbyte pages. External circuitry is 
required to implement the BIOS ROM page selec
tion using bits D2:DO. 

5.11.2 Setup Mode Video Enable, 

BIT 

7 - 1 

0 

(AT and Micro Channel Modes) 
ReadlWrite Port = 102H 
(XXXX XXXX XXXX X010B) 

FUNCTION 

Unused 

WakeupVGA 

Bit(7:1 ) 

Unused. 

Bit 0 

Wakeup VGA for 1/0 and Memory Accesses. 
Only lower 3 address bits are decoded for this 
port and WD90C20 must be in SETUP mode. 
VGA Enable Sleep bit or Programmable Option 
Select (POS) register 102H bit 0 is used to 
awaken the WD90C20 after power on in MCA and 
AT mode. To enter the set up mode in AT bus 
applications, bit 4 of the partially decoded internal 
1/0 port 46EBH is set to 1 before accessing the 
1/0 port 102H. In MCA mode, when the 
CDSETUP (ALE) signal pin is active low, the 
WD90C20 is in setup mode and port 102H can be 
accessed. 
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5.12 VIDEO RAMDAC PORTS 

The WD90C20 incorporates a complete Micro 
Channel-compatible RAMDAC, as well as the 
ability to support an optional external RAMDAC. 
Selection of the internal or external RAMDAC op
tion is based on the state of the VREF pin when 
reset is de-asserted. 

Data from the internal RAMDAC is always written 
to the data bus, even when the internal RAMDAC 
is configured for use with external RAMDAC. 
RPLT may be used as a gate to send data from 
an external RAMDAC to the data bus. 

There are four operation modes for the built-in 
video RAMDAC: 
- Palette Read Mode 
- Palette Write Mode 
- PEL Mask Mode 
- Palette Status Mode 

Which mode is activated depends on two condi
tions: 1) which I/O port is being addressed, and 
2) whether a host write or a host read is being 
executed. 

In other words, the registers, albeit at the same 
I/O port, may have different meanings, depending 
on the mode in which the color palette is being 
accessed. Specifically, the register at 03C7 may 
contain either PEL address or palette status, 
depending on whether the access is a read or 
write operation. 

When in the Palette Read Mode, the PEL address 
is to be written into the 03C7 port. The data can 
then be read out through the SO bus by three 
successive read operations from the 03C9 port. 

When in the Palette Write Mode, the PEL address 
is to be written into the 03C8 port. The data can 
then be written into the palette through the SO 
bus by three successive write operations into the 
03C9 port. 

DAC TYPE 
ADDRESS 

3C6H ReadlWrite 

3C7H Read/Write 

3C8H ReadlWrite 

3C9H ReadlWrite 

WD90C20lWD90C20A 

During either Palette Read or Palette Write mode, 
the 03C7 port can be read to obtain the contents 
of the Palette Status Register. Please see below 
for more detail on the palette register. 

5.12.1 PEL Mask Register, 
Read/Write Port = 03C6 

The 8-bit PEL Mask Register, along with the eight 
bits of color information from the combination of 
the attribute controller and the color select 
register, are AN Oed together and become the 
index into the color lookup table of the RAMDAC 
during display refresh. The contents of this 
register have no effect on host access to the 
lookup table. The host may access this register at 
any time without disturbing the contents of the 
lookup table. The contents of this register are un
defined after reset. 

5.12.2 Palette Status Register! 
Palette-Read-MODE 
PEL Address Register 
Read/Write Port = 03C7 

Palette Status Register (as a Read Port): 
The Palette Status Register can be accessed by 
reading the 03C7 port (read only). Bits 0 and 1 of 
this register indicate whether the last active 
operation to the DAC was in Palette Read Mode 
or in Palette Write Mode. These bits are both 0 if 
a host write into the port 03C7 is more recent than 
a host write into the port 03C8. They are both 1 if 
a host write into the port 03C8 is more recent than 
a host write into the port 03C7. 

Palette-Read-Mode PEL Address Register (as a 
Write Port): 
The host reads data from the color palette RAM 
by first writing the index of the first location to be 
read into this PEL Address Register (write only). 
When this is done, the RAMDAC loads the RAM 
data specified by the index into an 18-bit holding 

REGISTER NAME 

PEL Mask 

When written: PEL Address (Read 
Mode); When read: Palette Status 
PEL Address (Write Mode) 

PEL Data Port 
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register. The contents of this 18-bit register are 
read out via three reads from the PEL Data Port. 
The data read during these reads consists of six 
bits of color information packaged into the six 
least significant bits of the port. The two most 
significant bits of data during these reads are set 
to zero. The color information is delivered in the 
sequence: read, green, blue. After the three read 
cycles have completed, the contents of the PEL 
address register are automatically incremented by 
one. In this way, sequential locations can be read 
by sets of three reads from the PEL Data Port, 
03C9. 

5.12.3 Pallette-Write-Mode 
PEL Address Register 
Read/Write Port = 03Ca 

The host writes data from the color palette RAM 
by first writing the index of the first location to be 
written into this register. Completed PEL data to 
be written is then loaded into an 18-bit holding 
register via three writes to the PEL Data Port. 
This is accomplished by concatenating the six 
least significant bits of the data from the three 
writes. The color information is extracted in the 
sequence: red, green, blue. When this is done, 
the RAMDAC loads the contents of the holding 
register into the palette RAM location indexed by 
the contents of the PEL Address (write mode) 
register. After the data has been transferred to 
the RAM, the contents of the PEL address 
register are automatically incremented by one. In 
this way, sequential locations can be written by 
sets of three writes to the PEL Data Port. 

5.12.4 PEL Data ReadlWrite Port = OOC9 

This port is used to transfer 6-bit PEL data values 
to and from the palette RAM. The 18-bit palette 
locations are transferred in the order: red, green, 
blue. 

WD90C20 REGISTERS 

5.13 WD90C20 CONFIGURATION BITS, 
CNF 

The configuration register, CNF, is not a physical 
register, but a convenient way to refere~ce the 
state of the video memory data lines which are 
latched at reset. These data lines-for the sake of 
convenience, collectively called the configuration 
register CNF- provide setup parameters to 
various areas on the chip. 

When the WD90C20 is reset, it latches the state 
of the video memory data lines. This data 
provides setup parameters to various ar~as. ~f the 
chip. In order to easily reference these IndlYldual 
bits, we collectively refer to t~em as the c?nflgura
tion register, (CNF). Only fifteen data lines a~e 
used in the WD90C20 and the data line MD10 IS 
not used. 

CNF (11) 

Color/Mono LCD Panel Select. 
This bit is latched internally at power-on-reset 
from corresponding memory data bus pin MD(15), 
provided with either pull-up or pull-down external 
resistors. This bit is read from PR11 (7), 110 port 
3?5.2A bit 7. This bit is affected by writing to 
3?5.2A. Pulling up MD(15) causes CNF(11) to be 
latched high. 
o = Monochrome LCD panels. 
1 = Color LCD panels. 

CNF (10:9) 

Panel Select Bits. 
These bits are latched .internally at power-on-reset 
from corresponding memory data bus pins 
MD(9:8), provided with either pull up or pull down 
external resistors. They are read only at 110 port 
3?5.31 as bits 1:0 and are unaffected by writing to 
3?5.31. Pulling up MD(9:8) data bus pin causes 
CNF (10:9) to be latched high. 

CNF(10) CNF(9) DISPLAY TYPE 

0 0 Dual Panel LCD 
Display 

0 1 

1 0 EL Display 

1 1 Single Panel LCD 
Display 
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CNF (8) 

Analog/TIL Display Status Bit. 
Bit CNF(8) is latched internally at power-on-reset 
from memory data bus pin MD(11), provided with 
either a pull-up or pull-down external resistor. Pull
ing up MD(11) causes CNF(8) to be latched low. 
This bit controls no internal functions and is read 
only as Bit 3 of PR5 (3CF.OF). CNF(8) is unaf
fected by writing to PR5 (3CF.OF). 
0= Analog (VGA - compatible) display is 

attached. 
1 = TTL (EGA-compatible) display is attached. 

CNF (7:4) 

General Purpose Status Bits. 
Bits CNF (7:4) are latched internally at power-on
reset from corresponding memory data bus pins 
MD (7:4), provided with either pull-up or pull-down 
external resistors. These are read only bits at PR5 
(3CF.OF) positions (7:4). They are unaffected by 
writing to PR5{3CF.OF). Pulling up MD (7:4) 
causes CNF (7:4) to be latched low. 

CNF (3) 

Video Clock Source Control. 

This bit cannot be written to or read as I/O port. 
Pulling up MD (3) causes CNF(3) to be latched 
high. It configures WD90C20 pins VCLK1 and 
VCLK2 as inputs or outputs. 
0= For inputs. 
1= For outputs. 

When used as inputs, these pins supply alternate 
video dot clocks. Selection of the dot clock is by 
an internal multiplexor. When used as outputs, 
VCLK1 supplies an active low load pulse for an 
external clock chip during I/O writes to port 3C2H. 
This load pulse may be inhibited by setting 
PR11 (2)=1. VCLK2 becomes a third clock select 
input to the external clock chip, which supplies 
multiple dot clock frequencies to the VCLKO input. 
VCLK1 and VCLK2 outputs are equal to Bits 2 
and 3 of the Miscellaneous output register at 
3C2H, respectively, when PR15 Bit 5 is set to 1. 
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CNF(2) 

Bus Architecture Select. 
This bit cannot be written to or read as I/O. Pulling 
up MD(2) causes CNF(2) to be latched high. 
o = Micro Channel architecture. 
1 = AT BUS architecture. 

Selecting CNF(2) will change the pinout definition 
between AT bus and Micro Channel bus. Refer to 
the pinout description. 

PC AT BUS I/O MC 1/0 

MEMCS16 OUT CDDS16 OUT 

10CHRDY OUT CDCHRDY OUT 

EBROM OUT CDSFDBK OUT 

EIO IN 3C3DO IN 

MEMR IN M/IO IN 

MEMW IN SO IN 

lOR IN S1 IN 

lOW IN CMD IN 

IRQ OUT IRQ OUT 

ALE IN CDSETUP IN 
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5.14 MAPPING RAM-
32 by 5 STATIC RAM 

The 32 by 5 SRAM is designed for dithering pat
tern selecting. This memory is used to adjust the 
color-to-gray scale mapping from the weighting 
equation. This mapping RAM can be read or writ
ten to by the CPU. During normal operation, the 

outputs from the weighting equation (5 bits) will be 
connected to the inputs of the mapping RAM (ad
dress input). The outputs of the mapping RAM (5 
bits) are connected to the dithering logic. ' 

To Write· 
OUT3?4,35H Program the index register. 
OUT3?5,33H Unlock the mapping RAM registers. 

OUT3?4,3AH Program the index register. 
OUT3?5,01H Select mapping RAM. 
OUT3?4,3BH Program the index register. 
OUT3?5, DOH Load WRITE starting address register with 00. 
OUT3?4,39H Program the index register. 
OUT3?5,OAH Write OA directly to the mapping RAM at location 00. 
OUT 3?5, OBH Write OB directly to the mapping RAM at location 01. 

To Read· 
OUT3?4,35H Program the index register. 
OUT3?5,33H Unlock mapping RAM registers. 
OUT3?4,3AH Program the index register. 
OUT3?5,01H Select mapping RAM. 
OUT 3?4, 3BH Program the index register. 
OUT 3?5, DOH Load READ starting address register with 00. 
OUT 3?4, 39H Program the index register. 
IN 3?5 Read directly from the mapping RAM at 00. 

IN 3?5 Read directly from the mapping RAM at 01. 

NOTE: There is a minimum timing requirement between ,two consecutive RAM reads or writes (4 x 
VCLK period). If the system is running faster than 16 MHz, a "NOP" instruction should be inserted 
between consecutive reads and/or writes. 
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5.15 SHADOW TIMING REGISTERS 

The shadow timing registers control the timing in 
the CRTC. When the regular timing registers are 
written to, the shadow timing registers, if unlocked 
(in CRT mode, they are unlocked), receive the 
same data. Locking the shadow timing registers 
is controlled by PR1 B. 

Timing data is always read from the regular timing 
registers. The W090C20 never reads from the 
shadow timing registers. 

In Flat Panel mode, the shadow timing registers 
are loaded once and then locked by PR1 B. Once 
they are locked, data written to the timing 
registers is not passed through to the shadow 
timing registers and the flat panel timing is not 
affected. 

There are eleven shadow timing registers. All are 
indexed in port 03?5. 

WD90C20/WD90C20A 

NAME INDEX SAMPLE 
VALUE· 

Horizontal Total OOH 5FH 

Start Horizontal 02H 50H 
Blanking 
End Horizontal 03H 82H 
Blanking 

Start Horizontal 04H 54H 
Retrace 
End Horizontal 05H 80H 
Retrace 
Vertical Total 06H F2H 

Overflow·· 07H OOH 

Vertical Retrace 10H FOH 
Start 
Vertical Retrace 11H 02H 
End 
Start Vertical Blank 15H FOH 

End Vertical Blank 16H F2H 
• The sample values are for a monochrome dual 
panel LCD with 640 by 480 pixels . 

•• Only bits 7, 5, 3, 2 and 0 are locked by PR1 B . 
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6.0 RAMDAC 
6.1 GENERAL DESCRIPTION 

The on-board RAMDAC was designed specifically 
!or Personal System/2 compatible color graphics 
In a lapt~p computer environment. It integrates 
the functions of a color lookup table, digital-to
analog converters, power saving features and 
PS/2 compatible monitor detection logic. 

T.he 256 by 18 color lookup table has triple 6 bit 
video D/A converters. A pixel mask register and 
composite blank generation on the three channels 
are provided. The RAMDAC also supports the 
use of an external voltage reference. 

Without external buffering, the RAMDAC will 
generate RS-343A compatible video signals into a 
doubly-terminated 75 ohm load, and RS-170 com~ 
patible video signals into a singly-terminated 75 
ohm load. Integral and differential linearity errors 
are a maximum of +1- 1/2 LS8. 

The WD90C20A's improved RAMDAC was 
redesigned to do the following: 

• reduce power dissipation 
• reduce overshoot and undershoot noise 
• reduce ampflier gain error 
• improve linearity 
• increase yield 

6.2 FUNCTIONAL DESCRIPTION 

The RAMDAC architecture consists of five major 
modules: 

Address Register 
Pixel Mask Register 
Color Palette RAM 
Power-Down Control 
Digital-to-Analog Converter 
(with automatic power-on reset) 

Color Palette RAM: There are three 256 by 6 
color palette RAMs for the red, green and blue 
polygun. They provide color information to the 
triple 6-bit D/A converters. The RAMDAC's color 
pal~tte RAM memory cell is a custom, power 
saving cell. 

Power-Down Control: The RAMDAC supports 
an intelligent power-down control sequence. 
When PWRDN input is low, the entire RAMDAC 

RAMDAC 

will enter the "IDLE" state; both the DAC and the 
color palette RAM will be turned off regardless of 
t~e C?RT/-LCD signal. When PWRDN input is 
high In CRT mode, the RAMDAC will operate with 
the DAC and the color palette RAM always 
enabled. In LCD mode, when PWRDN input is 
high, the DAC is turned off. The color palette 
RAM will be enabled only when the MPU is ac
cessing the .RAMDAC because of the intelligent 
"MPU operation auto-detecting" circuit imple
mented. 

Automatic Power-on Reset: The RAMDAC sup
ports an "automatic poweron-reset" circuit that 
enables its DAC portion to initialize very quickly 
after power-on. And, since the DAC is totally 
turned off in LCD mode, a triggered signal will 
also initialize the "reset operation" of the DAC 
during the mode change from LCD mode to CRT 
mode. 

See Section 5.12 and Appendix F for descriptions 
of RAMDAC registers. 

6.3 FEATURES 

• Personal System/2 compatible 
• 8t471 1478 and 8t476 compatible 
• Power management features 
• On-chip monitor detection logic 
• Video Signal output into 37.5 or 50 ohms 
• 256 by 18 color palette RAM 
• Triple 6-bit D/A converters 
• Pixel mask register 
• Up to 8 bits input per pixel 
• RS-343/RS-170 compatible outputs 
• 1.25 micron CMOS (WD90C20) 
• 0.9 micron CMOS (WD90C20A) 

6.4 TEST MODE 
The WD90C20A has a new test mode which 
directly tests the built-in DAC. This allows the 
DAC to be tested more completely than in the 
WD90C20 and at the same time more efficiently. 
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7.0 POWER-DOWN MODES 
7.1 SYSTEM POWER-DOWN MODE 

7.1.1 Description of System Power-Down 
Mode (Sleep Mode) 

System Power-Down mode is used when the en
tire system goes to sleep and provides the most 
power savings. Current requirements for this 
mode are approximately 4mA. This mode also 
requires the most system overhead and therefore 
in addition to being the most miserly in terms of 
power consumption, it is also the slowest. When 
the VGA subsystem has been placed in System 
Power-Down mode, the only activity required of 
the VGA subsystem is saving the contents of the 
video display buffer which is accomplished by 
maintaining refresh of the DRAM. In this mode 
the system CPU has no access to the display 
memory nor any access to the I/O of the 
WD90C20 VGA controller. 

Power savings is achieved by: 

1. Turning off the display. 

2. Turning off the DACs (if in CRT mode). 

3. Turning off the internal MCLK and VCLK 
signals. 

4. Executing CAS before RAS refresh (PDREF) 
instead of RAS only refresh. 

5. Denying the CPU access to WD90C20 I/O 
registers. 

6. Denying the CPU access to video memory. 

In System Power-Down mode only the content of 
the video display buffer is saved which implies 
that the rest of the dynamic data contained in the 
VGA subsystem is corrupted. This includes the 
color content of the RAMDAC palette and the con
tent of the mapping RAM is lost when in this 
mode. 
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7.1.2 Entering System Power-Down Mode 

To select System Power-Down mode, load bit 
PR35(7) with "1" (default value is "0"). The 
WD90C20 will enter a System Power-Down mode 
cycle when the motherboard power manager 
drives the "PDOWN" input of the WD90C20 low. 
After "PDOWN" is driven low, the CPU can not 
access the WD90C20. 

The WD90C20's internal memory and video 
clocks will automatically be turned off (to save 
power) after the following time interval: 4 horizon
tal scan lines PLUS 3 "REFRESH" cycles. 

The WD90C20 uses the "REFRESH" input to 
generate "CAS before RAS" memory refresh 
cycles which refresh display memory. The inter
nal RAMDAC is also turned off, and display 
memory refresh is the only WD90C20 activity 
during this power-down mode. The VCC pins of 
the WD90C20 must remain powered. 

Primary input MCLK may be clocked at the same 
frequency as VCLK, or may be left at a static "1" 
or "0". Primary input VCLK must NOT be turned 
off but may be reduced to as low as 8 KHz. When 
the VCLK and MCLK frequencies are reduced, 
they should not be reduced until the following time 
interval has passed: the time to display 4 horizon
tal lines PLUS 3 "REFRESH" cycles. 

There are several ways to slow down the clocks 
of the WD90C61. The most effective way is to 
use the "FCLKIN" input frequency. This is done 
by driving the "FCLKSEL" input low. "FCLKIN" 
could be connected to a slow frequency clock 
which is available on the motherboard. 

During t~stem Power-Down Mode, the 
"OE10", "OE32", "WEO", "WE1", "WE2", "WE3" 
and MA(8:0) outputs are all driven high. The 
memory data bus, MD(15:0), will be in an un
known state. Note that all primary inputs must be 
driven to either VCC or VSS, as required by the 
system design. No inputs may be left floating. 
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7.1.3 Exiting System Power-Down Mode 

Before returning to normal display mode, the 
power manager must first return the WD90C20 
clock inputs back to their original frequencies (if 
they were slowed down during the power-down 
mode). Care must be taken to ensure that the 
clock inputs to the WD90C20 are stable BEFORE 
driving the "PDOWN" input high. 

To return to normal mode, the power manager 
drives "PDOWN" high; the WD90C20 returns to 
normal operation mode after the following time in
terval; the time to display 4 horizontal lines PLUS 
3 "REFRESH" cycles. The screen automatically 
displays the information in video memory. 

The power-up service routine must reload the 
RAMDAC RAM data and the 32 by 5 dithering 
mapping RAM data after the system returns to 
normal operation mode. 

7.2 DISPLAY IDLE MODE 

7.2.1 Description Of Display Idle Mode 

The Display Idle Mode is used when the user can 
allow the display to be turned off, for example, 
when a keyboard key has not been pressed for 
five minutes. The DAC and LCD panel interfaces 
are turned off in this mode. Internal clocks are 
divided by eight from the primary inputs, thus in
ternal logic runs eight times slower. The CPU can 
access I/O registers of the WD90C20, but it can 
not access display memory. 

Power saving is achieved by: 

1. Turning off the display. 

2. Turning off the DACs (if in CRT mode). 

3. Dividing internal WD90C20 clocks by eight. 

4. Executing CAS before RAS refresh (PDREF) 
instead of RAS only refresh. 

5. Denying the CPU access to video memory. 

POWER-DOWN MODES 

7.2.2 Entering Display Idle Mode 

Register bits PR35(7) and PR44(7) must be set to 
"0" (default values) to use this mode. The 
WD90C20 will enter a Display Idle Mode cycle 
when the motherboard power manager drives the 
"PDOWN" input of the WD90C20 low. 

The WD90C20 will then divide the internal VCLK 
and MCLK signals by eight. For example, if the 
input VCLK is 32 MHz and the input MCLK is 44.9 
MHz, the internal VCLK will be 4 MHz and the 
internal MCLK will be 5.61 MHz. Power con
sumption in this mode is approximately 1/10 of 
normal consumption. The internal RAMDAC turns 
off and screen refresh cycles are stopped. The 
WD90C20 uses the "REFRESH" input to 
generate "CAS before RAS" cycles to refresh dis
play memory. The CPU will be the only user to 
access the display memory. There is no arbitra
tion between CPU cycles and CRT cycles, or be
tween CPU cycles and refresh cycles. 

While in the Display Idle Mode, the video system 
continues to run, allowing the user to read/write 
WD90C20 I/O registers, however, the CPU CAN 
NOT read/write display memory. 

7.2.3 Exiting Display Idle Mode 

To return to normal operation mode, the power 
manager simply drives "PDOWN" high. The 
screen automatically displays the original picture. 
External clocks must maintain original frequencies 
for the Display Idle Mode. 
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7.3 GENERAL POWER-DOWN MODES 

7.3.1 Description of General Power-Down 
Modes 

There are two General Power-Down modes. 
These modes are used when: 1 )the user doesn't 
need to view the display, 2)he needs to keep the 
system running, but 3)he can afford to reduce the 
frequencies of both MCLK and VCLK. Video sys
tem performance is reduced in exchange for sig
nificant power savings. Another advantage is that 
activating the WD90C20 PDOWN input is the only 
software interaction required. 

One of the General Power-Down modes is 
designed to interface with an intelligent clock gen
erator like the WD90C61, which slows down the 
clocks to the WD90C20 to a selectable frequency 
during the power-down interval. This is called the 
General Power-Down mode with External Clock 
Control. 

The other is designed to be independent of the 
external clock control; the external clock main
tains the same frequency during power-down, 
however internal clock circuitry in the WD90C20 
divides the input clock by eight. This is called 
General Power-Down mode with Internal Clock 
Control. 

Both General Power-Down modes allows the 
CPU to access BOTH I/O registers and display 
memory. 

Power savings is achieved by: 

1. Turning off the display. 

2. Turning off the DACs (if in CRT mode). 

3. Dividing the MCLK and VCLK inputs by a 
system chosen factor (external) or by eight 
(internal). 

WD90C20/WD90C20A 

7.3.2 Entering General Powerdown Mode 
with External Clock Control 

To select General Power-Down mode with Exter
nal Clock Control, load bit PR44(7) with "1" and 
bit PR35(6) with "0". PR44(6:0) should be pre
loaded with its correct value, based on the power
down clock frequency. 

The WD90C20 will enter a General Power-Down 
mode with External Clock Control cycle when the 
motherboard power manager drives the 
"PDOWN" input of the WD90C20 low. At this time 
the PR44 register will replace the CRTC registers 
to control memory refresh timing. 

7.3.3 Exiting General Power-Down Mode 
With External Clock Control 

Before returning to normal display mode, the 
power manager must first return the WD90C20 
clock inputs back to their original frequencies. 
Care must be taken to ensure that the clock in
puts to the WD90C20 are stable BEFORE driving 
the "PDOWN" input high. 

To return to normal mode, the power manager 
drives "PDOWN" high; the WD90C20 then returns 
to normal operation mode and displays the screen 
that is stored in video memory. 

7.3.4 Entering General Power-Down Mode 
with Internal Clock Control 

To enter the General Power-Down mode with the 
internal clock control, PR44(7) must be set to a 
"1" and PR35(6) must be set to a "1". PR44(6:0) 
should be pre-loaded with its correct value based 
on the VCLK frequency and the PR1 A(1 :0) value. 
The PR1A(1 :0) is used to select different memory 
refresh cycles per each horizontal line. 

After the input "PDOWN" is driven low by the sys
tem, the WD90C20 will enter General Power
Down mode automatically. Register PR44 will 
replace the CRTC registers to control memory 
refresh timing. 
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7.3.5 Exiting General Power-Down Mode 7.3.7 Disabling the WD90C20 to 
Accommodate an Alternate VGA 
Controller 

with Internal Clock Control 

To return to normal mode, the power manager 
drives "PDOWN" high; the WD90C20 then returns 
to normal operation mode and returns the internal 
MCLK and VCLK signals to their normal frequen
cies. The information stored in video memory is 
displayed on the screen. 

PR35 Bit 5 allows the WD90C20 to accommodate 
an alternate VGA controller. When the WD90C20 
detects that "PDOWN" is low and PR35(5) is high, 
the WD90C20 isolates itself from the system 110 
bus regardless of the programmed power-down 
mode. In this case, the CPU CAN NOT access 
the WD90C20. All outputs and I/Os of the host 
interface are tristated. This feature allows another 
VGA or graphic controller on the system I/O bus in 
case the system designer wished to switch dis
play environments. 

7.3.6 Example Calculations of PR44(6:0) 
Values 

Described below are examples of how to calcu
late correct values of PR44(6:0) for both General 
Power-Down modes. Calculation of PR44(6:0) 
value is based upon the following equation: 

To return to normal operation mode, the CPU 
must drive "PDOWN" high. 

PR44(6:0) = ((Refresh Rate*PR1A(1 :0»/((1/(CLK/8»)*Character» - 5 

Where: Refresh Rate = Period defined for Refresh of the DRAMs 

CLK = External Clock input for General Power-Down mode with External Clock 
VCLK input for General Power-Down mode with Internal Clock. 

Example for General Power-Down mode with External Clock Control: 

Example A == > How to calculate the value of PR44(6:0) 
PR44(7) = 1, PR35(6) ;= 0 
PR1 A(1 :0) = 11 (2 memory refresh cycles/horizontal line) 
Normal Operation: VCLK = 32 MHz, MCLK = 44.9 MHz 
Power-Down Mode: VCLK = 5 MHz, MCLK = 8 MHz (external control) 

CALCULATE ==> 
15 us x 2 = 30 us (2 refreshes/line) 
1/5 MHz x 8 = 200 ns x 8 = 1.6 us (1 character clock in power-down mode) 
(30 us / 1.6 us) - 5 = 14 (PR44(6:0) = OE hex) 

Example B ==> How to calculate the value of PR44(6:0) 

14-86 

PR44(7) = 1, PR35(6) = 1 (internal divided by 8 control) 
PR1 A(1 :0) = 01 (1 memory refresh cycle/horizontal line) 
Normal Operation: VCLK = 28 MHz, MCLK = 42 MHz 
Power-Down Mode: VCLK = 3.5 MHz, MCLK = 5.25 MHz (internal control) 

CALCULATE ==> 
15 us x 1 = 15 us (1 refresh/line) 
285.7 ns x 8 = 2.286 us (1 character clock in power-down mode) 
(15 us/ 2.286 us) - 5 = 2 (PR44(6:0) = 02 hex) 
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The following are descriptions of the output states of all output pins during the four power-down modes. 
These states are given for both "AT" and "Micro Channel" modes of operation. This information is 
provided for reference to the system designer. 

PC-AT MODE 

OUTPUT STATE 

Pin Pin System Display General Mode 
No. Powerdown Mode Idle Mode w/Ext. Clock 

SD[15:0) Z N N 
15 IOCHRDY Z N N 
12 IRQ Z N N 
14 MEMCS16 Z N N 
13 EBROM H N N 
16 HBDIR H N N 
17 LBDIR H N N 

57 RAS32 N N N 
56 RAS10 N N N 
59 CAS32 N N N 
58 CASA10 N N N 
65 OE32 H N N 
64 OE10 H N N 

WE[3:0) H N N 
MA[8:0) H N N 
MD[15:0) Z N N 

110 LCD/CRT N N N 
UD[3:0) L L L 
LD[3:0) L L L 

91 FR L L L 
90 FP L L L 
89 LP L L L 
87 XSCLK L L L 
88 WGTCLK L L L 

92 RPLT H N N 
93 WPLT H N N 
86 PCLK L N N 
116 RED L L L 
115 GREEN L L L 
114 BLUE L L L 

LEGEND: Z = High impedance, tri-state. 
H = Logic High, "1" state. 
L = Logic Low, "0" state. 
N = Normal state, could be "1 ", "0", or tri-state. 

NOTES: For on-chip pullups and pulldowns, see Section 4.0 "Signal Description." 
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wllnt. Clock 

N 
N 
N 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 

N 
L 
L 
L 
L 
L 
L 
L 

N 
N 
N 
L 
L 
L 
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MICRO CHANNEL MODE 

OUTPUT STATE 

Pin Pin System Display 
No. Powerdown Mode /dleMode 

SD[15:0] Z N 
15 IOCHRDY H N 
12 IRQ H N 
14 MEMCS16 H N 
13 EBROM H N 
16 HBDIR H N 
17 LBDIR H N 

57 RAS32 N N 
56 RAS10 N N 
59 CAS32 N N 
58 CASA10 N N 
65 OE32 H N 
64 OE10 H N 

WE[3:0] H N 
MA[8:0] H N 
MD[15:0] Z N 

110 LCD/CRT N N 
UD[3:0] L L 
LD[3:0] L L 

91 FR L L 
90 FP L L 
89 LP L L 
87 XSCLK L L 
88 WGTCLK L L 

92 RPLT H N 
93 WPLT H N 
86 PCLK L N 
116 RED L L 
115 GREEN L L 
114 BLUE L L 

LEGEND: Z = High impedance, tri-state. 
H = Logic High, "1" state. 
L = Logic Low, "0" state. 
N = Normal state, could be "1", "0", ortri-state. 

POWER-DOWN MODES 

General Mode General Mode 
w/Ext. Clock w/lnt. Clock 

N N 
N N 
N N 
N N 
N N 
N N 
N N 

N N 
N N 
N N 
N N 
N N 
N N 
N N 
N N 
N N 

N N 
L L 
L L 
L L 
L L 
L L 
L L 
L L 

N N 
N N 
N N 
L L 
L L 
L L 
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8.0 LCD PANEL CONTROL 
This section describes external power on/off con
trol logic for an LCD panel interface. 

8.1 DESCRIPTION OF SIGNALS FOR 
FIGURE 8-1 

Described below are the signals related to the 
poweron/off control logic in Figure 8-1. 

POWER-ON 
(General motherboard signal, input to control 
logic) 

Active high signal: indicates that the LCD +5 volt 
power supply (+VDD_LCD) and the backlight 
power supply (+VBL) are stable. 

PDOWN, +PDOWN 
(General motherboard signal, input to control 
logic) 

Active low and active high signals, respectively; 
indicate that the system has entered the POWER
DOWN mode. 

~D90C20~D90C20A 

RSET 
(General motherboard signal, input to control 
logic) 

Active high signal; is generated during power-on 
or system reset. 

LCD 
(WD90C20 output) 

WD90C20 active low output; indicates that the 
LCD panel is selected as main display. 

LCDEN 
(Output of control logic) 

Active low signal which is connected to the LCD 
panel to enable the LCD drivers and DC power. 

CFLEN 
(Output of control logic) 

Active low signal which is connected to the LCD 
panel to enable backlight power. 

PDOWNI--~~--------------~ 

LCD 

+PDOWN 

RESET 

o 

74LS74 

FP--"'--~ 

74lS74 

CLR 

POWER-ON 

PDQWN 

a 

FIGURE 8-1. LCD PANEL CONTROL 
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9.0 LCD POWER-ON/OFF OPERATIONS DESCRIPTION 
9.1 SYSTEM POWER-ON 

When main power is turned on, RESET guaran
tees the "LCDEN" remains "HIGH" during the 
power-on interval. This. protects the LCD panel 
from damage. After RESET goes inactive and if a 
CRT monitor is connected, the "LCD" output from 
the WD90C20 will be a "1" which forces "LCD EN" 
high, keeping the LCD panel disabled. 

After RESET goes inactive and if an LCD panel is 

9.4 SWITCHING FROM LCD MODE TO 
CRT MODE 

The system must: 

1. Reset the LCD mode bit PR19J±l.!0 "0", thus 
setting the WD90C20 output "LCD" to a "1" 
(since "LP" and "FP" are still toggling). 

2. Read and save the CRTC registers. 

connected, the "LCD" output from the WD90C20 3. Unlock the shadow registers. 
will be a "0." Two "FP" strobes (one to two verti-
cal frames) after "LCD" goes low, "LCDEN" is 4. Write back the CRTC registers. 
driven low, enabling LCD power. "CFLEN" (back-
light power) is driven low immediately after "LCD" 5. Set the CRT mode bit PR19(5) to a "1 ". 
goes low. 

9.2 SYSTEM POWER-OFF 

When main power is turned off "POWERON" 
goes low, forcing both "-LCDEN" and "CFLEN" 
high, which immediately disables both LCD panel 
power and backlight power. 

9.3 SWITCHING FROM CRT MODE TO 
LCD MODE 

The system must: 

1. Reset the CRT mode bit PR19(5) to "0." 

2. Read and save the CRTC registers. 

3. Load the shadow registers with default 
values from the table. 

4. Lock the shadow registers. 

5. Write back the CRTC registers. 

6. Enable the LCD mode by setting PR19(4)=1 
(which sets "LCD"=O). 

Two "FP" strobes (one to two vertical frames) 
from "LCD" going low, "LCDEN" is driven low, 
enabling LCD power. "CFLEN" is driven low im
mediately after "LCD" goes low. 

9.5 ENTERING POWER-DOWN MODE 

The system drives "PDOWN" low and 
"+PDOWN"high to enter a power-down mode. 
Both "LCDEN" and "CFLEN" are driven high im
mediately (before "LP" and "FP" stop toggling). 

9.6 LEAVING POWER-DOWN MODE 

When in LCD Mode: The system drives 
"PDOWN" high and "+PDOWN" low to leave a 
power-down mode (to return to normal operation 
mode). "LCDEN" remains high for two "FP" 
strobes (one to two vertical frame periods). This 
guarantees the "LP" and "FP" will be toggling 
before LCD panel power is turned on. 

When in CRT Mode: Because "LCD" is always a 
"1" when entering and leaving a power-down 
mode, "LCDEN" and "CFLEN" will also remain 
high for the entire period, thus leaving the LCD 
panel power off. 

14-90 ADVANCED INFORMATION 11/25/91 



APPLICATIONS APPENDIX WD90C20IWD90C20A 

A.O APPLICATIONS APPENDIX 

NOTES: 

LA23 
LA22 
LA21 
LA20 

REFl'iEsR 

74F2601 

_ .... , 
~- ......c 

~~ 
......... 

;K_ 
:.=-
...••.....••... '0' 

LA(19:17) > 
SA(16:0) > .......... 

: See Note2 
245 

SO(15:8) OIl( 

»~ : Dt : · . · . 
: 245 • 

SO(7:0) OIl( 

»~ · . · . · . 
• Dt • · . 
' ...... ' 

ALE > 
RESET ~ 

AEN ~ 
SBHE > --SMEMR > 

SMEMW > 
SIOR ~ -- > SlOW 

MEMCS16 OIl( 
lOCH ROY OIl( 

IRQ OIl( 
NC OIl( 

FIGURE A-1. PC/AT INTERFACE 

WD90C20 

ENMEM 

LA(19:17) 

SA(16:0) 

SO(15:8) 

HBOIR 

SO(7:0) 

LBOIR 

ALE 

RESET 

EIO 

SBHE 

MEMR 

MEMW 

loR -
lOW 

MEMCS16 

IOCHROY 

IRQ 
--
EBROM 

1 The 74F260 is used to determine if the current address is in the first megabyte. This function is 
already provided by most core logic chip sets. 

2 The 74245 buffers are only needed if system drive requirements exceed chip capabilities. 
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SA23 
SA22 
SA21 
SA20 

... ,. 
MADE24 ;---. ~-

•••••• 0 ••• » 
0" .0 ••• _0 ••• . . 

jgJl • 
- Optional 

.0.0 •• 0 •••••••• 0 ••• 

~I • 
:<?~?~B:I ...... : 

» 
CDSETUp1 ~ 

CDDS162 +-<f-
RESET • 

SBHE • 
Miio » 

SO • 
Sl » 

CDCHRDY IIIE 
CDSFDBK IIIE 

IRQ IIIE 

APPLICATIONS APPENDIX 

WD90C20 

ENMEM3 

SA{19:0) 

SD{15:8)4 

HBDIR 

SD{7:0) 

LBDIR 

3C300 

CDSETUP 

CDDS16 

RESET 

SBHE 

MIlO 

SO 

Sl 

CDCHRDY 

CDSFDBK 

IRQ 

FIGURE A-2. MICRO CHANNEL INTERFACE 

NOTES: 

1 CDSETUP must be latched if core logic does not already latch it. 
2 CDDS16 requires an inverter (changed in future revisions). 
3 ENMEN must be qualified for the first megabyte of memory space. This is provided in many 

core logiC designs; the two And Gates are not required. 
4 The bidirectional buffers are only needed if the system design requires more current than the 

WD90C20 can deliver. 
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POWER_ 
DOWN 

WD90C20 
--
PWRDN 

VREF 
FSADJUST 

R 
:~ I",> 

G 
j-

~ 
~ 

B > 

~ 
t 

UD(3:0) 
~ LD(3:0) 

LP * 

FP * 

XSCLK 

FR 

'" n C2 R1 ~ 
'" 

l.. 

D1 f ~ RSET 

t 

L 
I 

I 

FIGURE A·3. WD90C20 DISPLAY INTERFACE 

FULL-SCALE-VOLTAGE CALCULATION EXAMPLE: 

VFULL SCALE [ 'FULL SCALE] [ RLD] 

code x 0.04 x VREF [RLD ] 

[ RSET ] 

= 63 x 0.04 x 1.235 [50] = 0.704 volts 

WD90C20/WD90C20A 

CRT 

1 RED 

l GREEN 

BLUE 

f HSYNC 

VSYNC 

LCD 

UD(3.0) 

LD(3.0) 

LP 

FP 

XSCLK 

FR 

I 221 l 
* These signals ma~equire buffering if mbnitor sinks more than the 6mA drive of the WD90C20. 
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B.O EGA MODE APPENDIX 
This appendix provides a general description of 
EGA mode. Details of the actual software im
plementation are not covered. 

For those registers that are the same in both VGA 
and EGA mode, refer to the VGA description. 
Only the differences are described in this section. 
Bits not used should be set to 0 unless otherwise 
noted. 

1. Load Configuration register bit 8. Logic 0 for 
VGA compatible PS/2 display or Logic 1 for EGA 
compatible TTL monitor by appropriate pullup or 
pulldown resistor on MD(11). (Pull-up resistor on 
MD11 causes CNF(8) to be latched with logic 0, 
for Analog PS/2 compatible display). This is 
status for the BIOS or application to signify 
monitor type attached. 

2. Unlock all the PR registers. 

3. Program PR2(6) to 0 for EGA mode. 

4. Set PR4 Bit 1 to logic 1 for EGA compatibility. 

S. Load PR11 (7:4) with EGA Configuration 
switches by using pullup or pulldown resistors on 
pins MD(1S:12). (Pullup resistor causes logic 1 to 
be latched after power-on-reset.) 

6. The EGA switch setting may then be read from 
PR11 (7:4) at I/O port 3C2 Bit 4. 

7. If EGA is to be emulated on the IBM PS/2 type 
analog display, follow the steps listed below: 

EGA MODE APPENDIX 

- Initialize all the registers 
- Lock CRT controller registers 
- Force Clock Control rate of the CRT 

controller 

8. Set EGA emulation mode by programming: 

- PR11 (3)=1 ; Set EGA emulation on PS/2 type 
display 

- PR14(6)=1; Vertical double scan 
- PR11 (2)=1; Lock clock select 
- PR11 (0)=1 ; Lock 8/9 dot timing 
- PR14(7)=1; Enable IRQ (optional) 

9. Lock the PR registers PRO-PRS and PR10-
PR17. 

10. Read protect PR registers. 

11. When EGA is required on a TIL monitor, the 
suggested steps are: 

- Initialize all the registers 
- Set EGA TIL mode by programming: 

PR11 (3)=0;EGA TTL 
PR14(7)=1 ;Enable IRQ 
PR1S(6)=1 ;Set Low Clock 
PR14(7)=1 ;Enable IRQ 

- Lock PR registers PRO-PRS and PR10-PR17 
- Read protect PR registers 

For more details on the PR registers, refer to the 
PR registers section. The EGA register summary 
shown on the next page highlight all the EGA 
mode registers. 
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REGISTERS EGA 

General Registers: 
Miscellaneous Output Reg WO 
I nput Status Reg 0 RO 
Input Status Reg 1 RO 
Feature Control Reg WO 

Sequencer Registers: 
Sequencer Index Reg WO 
Sequencer Data Reg WO 

CRT Controller Registers: 
Index Reg WO 

CRT Controller Data Reg Except the Following: WO 
Start Address High (Index=OC) RW 
Start Address Low (Index=OD) RW 
Cursor Location High (Index=OE) RW 
Cursor Location Low (Index=OF) RW 
High Pen High (Index=1 0) R 
Light Pen Low (Index=11) R 

Graphics Controller Registers: 
Index Reg WO 
Other Graphics Reg WO 

Attribute Controller Registers: 
Index Reg WO 
Attribute Controller Data Reg WO 

TABLE B-1. EGA REGISTERS SUMMARY 

NOTES: 
1. RO = Read Only, WO = Write Only, and RW = ReadlWrite. 
2. All register addresses are in hex. 

<f. .? = B in monochrome modes or D in color modes. 
4. • = Identical responses from 1/0 ports 3CO and 3C1. 
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110 PORT 

3C2 
3C2 
3?A 
3?A 

3C4 
3C5 

3C4 

3?5 
3?5 
3?5 
3?5 
3?5 
3?5 
3?5 

3CE 
3CF 

3CO' 
3CO' 
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B.1 GENERAL REGISTERS B.1.2 Input Status Register 0 
The General Registers and the bit definitions that (Read Port 3C2) 
differ from VGA mode are covered below. 

B.1.1 Miscellaneous Output Register 
(Write Port 3C2) 

Bits (7:5) 

EGA: Same as Miscellaneous Output Register 
Bits (7:5) definition in the VGA section. 

Bit 4 

Disables internal video drivers. 
0= Activate video drivers. 
1 = Disable video drivers. 

Bits (3:2) 

EGA: 

BIT3 

0 

0 

1 

1 

Bit (0) 

BIT 2 

0 

1 

0 

1 

DESCRIPTION 

14.318 MHz clock (VCLKO) 
is selected. 
16.257 MHz clock (VCLK1) 
is selected if Configuration 
Register Bit 3 is o. 
External User Defined Clock 
(VCLK2) from the feature 
connector is selected if Con-
fiQuration ReQister Bit 3 is o. 
Not Used. VCLK2 selected if 
Configuration Register Bit 3 
is 0 

EGA: Identical to Miscellaneous Output Register 
Bit 0 definition in the VGA section. 

Bit 7 

EGA: Same as input Status Register 0, Bit 7 
definition in the VGA section. 

Bits (6:5) 

EGA: Not Used. 

Bit 4 

EGA: Information on the four configuration 
switches stored in PR11 can be read at this bit if 
PR4(1) has been set to 1. 

Bits (3:0) 

EGA: Not Used = 1 

B.1.3 Input Status Register 1 
(READ PORT 3?A) 

Bit (7) 

EGA: Not Used. 

Bit 6 

EGA: Not Used = 1. 

Bits (5:3) 

EGA: Identical to Input Status Register 1 Bits (5:3) 
definition in the VGA section. 

Bit 2 

EGA: The following Light Pen Switch definition is 
applicable: 
o = Light Pen Switch is Closed. 
1 = Light Pen Switch is Open. 

Bit 1 

EGA: The following Light Pen Trigger definition is 
applicable: 
o = Light Pen Trigger is Reset. 
1 = Light Pen Trigger is Set. 
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Bit (0) 

EGA: 
Same as Input Status Register 1 Bit 0 definition in 
the VGA Section. 

B.1.4 Feature Control Register 
(Write Port 3?A) 

Bits (7:0) 

EGA: Not Used. 

B.2 SEQUENCER REGISTERS 
(PORT 3C5) 

B.2.1 Clocking Mode Register, 
(Index = 01) 

Bits (7:4) 

EGA: Not Used. 

Bits (3,2) 

EGA: Same as Clocking Mode Register Bits (3,2) 
definition in the VGA section. 

Bit 1 

EGA: Set to Zero. 

Bit (0) 

EGA: Identical to Clocking Mode Register Bit 0 
definition in the VGA section. 

B.2.2 Character Map Select Register, 
(Index 03) 

Bits (7:4) 

EGA: Not Used. 

WD90C20/WD90C20A 

Bits (3:2) 

EGA: Character Map Select A: 

BIT BIT MAP FONT 
3 2 SELECTED TABLE/PLANE 2 

LOCATION 

0 0 0 First 8 Kbyte 

0 1 1 Second 8 Kbyte 

1 0 2 Third 8 Kbyte 

1 1 3 Fourth 8 Kbyte 

Bits (1 :0) 

EGA: Character Map Select B: 

BIT BIT MAP FONT 
1 0 SELECTED TABLE/PLANE 2 

LOCATION 

0 0 0 First 8 Kbyte 

0 1 1 Second 8 Kbyte 

1 0 2 Third 8 Kbyte 

1 1 3 Fourth 8 Kbyte 

NOTE: 1. Character Map selection from Plane 2 
is determined by Bit 3 of the attribute code. 

B.2.3 Memory Mode Register, 
(Index = 04) 

Bits (7:3) 

EGA: Not Used. 

Bits (2:1) 

EGA: Identical to Memory Mode Register Bits 
(2,1) definition in the VGA section. 

Bit 0 

EGA: Alpha Mode Bit. • 
A logic 1 shows that Alpha mode is active and l 

character map selection is enabled. A logic 0 dis-
ables Alpha mode and enables non-Alpha mode. 
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B.3 CRT CONTROLLER REGISTERS 
(PORT 3?S) 

The EGA registers that are different are listed. 
For similar registers and identical bits within 
registers refer to the VGA section. A "?" implies 
that a register is mapped into either 3B5 or 3D5 
for Monochrome or Color display modes, respec
tively. 

B.3.1 Index Register (Port = 3?4) 

Bits (7:S) 

EGA: Not Used. 

Bits (4:0) 

EGA: Five bits point to the CRT Register Address 
index where the data is to be written. 

B.3.2 Horizontal Total Register, 
(Index = 00) 

Bits (7:0) 

EGA: 
Eight bits of value for the "Total Character Count 
Less 2" are loaded into this register. They define 
number of characters to be displayed per horizon
tal line. 

B.3.3 End Horizontal Blanking Register, 
(Index = 03) 

Bits (7) 

EGA: Not Used. 

Bits (6:S) 

EGA: These bits define display enable skew in 

EGA MODE APPENDIX 

Bits (4:0) 

EGA: Five bits of character count are loaded to 
determine when the horizontal blanking signal be
comes inactive. 

B.3.4 End Horizontal Retrace Register, 
(Index = OS) 

Bit 7 

EGA: It defines the start of the odd or even CRT 
counter memory address following the horizontal 
retrace time. Logic "1" = Odd Address and logic 
"0" = Even Address. 

Bits (6:0) 

EGA: Same as End Horizontal Retrace Registers 
Bits (6:0) definition in VGA section. 

B.3.S Vertical Total Register, 
(Index = 06) 

Bits (7:0) 

EGA: Lower eight bits of the CRT vertical frame 
time in scan lines including the vertical retrace. 

B.3.6 CRT Controller Overflow Register, 
(Index = 07) 

Bits (7:S) 

EGA: Not Used. 

Bits (4:0) 

EGA: Same as Preset Row Scan Register Bit 
(4:0) definitions in the VGA section. 

character clocks. B.3.7 Preset Row Scan Register, 

BIT6 BITS 

0 0 

0 1 

1 0 

1 1 

14-98 

SKEW 

0 

1 

2 

3 

(Index = 08) 

Bits (7:S) 

EGA: Not Used. 

Bits (4:0) 

EGA: Same as Preset Row Scan Register (4:0) 
definition in the VGA section. 

ADVANCED INFORMATION 11125/91 



EGA MODE APPENDIX 

B.3.8 Maximum Scan Line Register, 
(Index = 09) 

Bits (7:5) 

EGA: Not Used. 

Bits (4:0) 

EGA: Same as maximum Scan Line Register Bits 
(4:0) definition in the VGA section. 

B.3.9 Cursor Start Register (Index = OA) 

Bits (7:5) 

EGA: Not Used. 

Bits (4:0) 

EGA: Same as Cursor Start Register Bits (4:0) 
definition in the VGA section. 

B.3.10 Cursor End Register (Index = OB) 

Bit(7) 

EGA: Not Used. 

Bits (6:5) 

EGA: They define cursor signal skew in character 
clocks. 

BIT6 BIT 5 SKEW 

0 0 0 

0 1 0 

1 0 1 

1 1 2 

Bits (4:0) 

EGA: These bits define Cursor End value of row 
scan address counter. The programmed value is 
equal to "N+ 1" where "N" is the last row of the 
Cursor to be displayed. 

WD90C20/WD90C20A 

B.3.11 Vertical Retrace Start Register, 
(Index = 10) - Write 

(Light Pen High register, Index = 10 - Read) 

Bits (7:0) 

EGA: Lower eight bits of the vertical retrace start 
position programmed in horizontal scan lines. 

B.3.12 Vertical Retrace End Register, 
(Index = 11) - Write 

(Light Pen Low register, Index = 11 - Read) 

Bits (7:6) 

EGA: Not Used. 

Bit 5 

EGA: It enables the IRO output buffer control if 
Logic 0 is programmed. The IRO latch within the 
CRT controller determines the logic state of the 
IRO output signal. If programmed as logic 1, the 
IRO buffer is switched to a high impedance state. 

Bit 4 

EGA: When programmed to logic 0, the IRO latch 
is reset and cleared to 0 if Bit 5 = O. If it is logic 1, 
the IRO latch gets set at the end of the vertical 
display. 

Bits (3:0) 

EGA: Identical to Vertical Retrace End Register 
Bits (3:0) definition in the VGA section. 

B.3.13 Underline Location Register, 
(Index = 14) 

Bits (7:5) 

EGA: Not Used. 

Bits (4:0) 

EGA: Horizontal scan row where the underline will 
be displayed. Value programmed is one less than 
the scan line desired. 
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B.3.14 End Vertical Blanking Register, 
(Index = 16) 

Bits (7:5) 
EGA: Not Used. 

EGA MODE APPENDIX 

B.4.2 Mode Register, (Index = 05) 

Bit (7:6) 

EGA: Not Used. 

Bits (5:2) 
Bits (4:0) EGA: Identical to Mode Register Bits (5:2) defini-
EGA: Identical to End Vertical Blanking Register tion in the VGA section. 
Bits (4:0) definition in the VGA section. 

B.3.15 Mode Control Register, (Index = 17) 

Bits (7:5) 

EGA: Same as Mode Control Register Bits (7:5) 
definition in the VGA section. 

Bit 4 

EGA: Not Used. 

Bits (3:0) 

EGA: Identical to Mode Control Register Bits (3:0) 
definition in the VGA section. 

B.4 GRAPHICS CONTROLLER 
REGISTERS (PORT 3CF) 

B.4.1 Read Map Select Register, (Index = 04) 

Bits (7:3) 

EGA: Not Used. 

Bits (2:0) 

EGA: Map selected bits (2:0) which represent en
coded value of the memory plane in binary as 
shown below: 

D2 D1 DO MAP SELECTED 

0 0 0 0 

0 0 1 1 

0 1 0 2 

0 1 1 3 

Bits (1 :0) 

EGA: Binary coded write bits define the write 
modes per table below: 

BIT 1 BIT 0 FUNCTION 

0 0 Write mode 0 - Refer to earlier 
section 

0 1 Write mode 1 - Refer to earlier 
section 

1 0 Write mode 2 - Refer to earlier 
section 

1 1 Write mode 3 - Not Legal. 
Selects write mode 1. 

B.5 ATTRIBUTE CONTROLLER 
REGISTERS (PORTS = 3CO/3C1) 

Palette Registers (Index = 00 through OF) 

Bits (7:6) 

EGA: Not Used. 

Bits (5:0) 

EGA: Dynamic color selection. Logic 0 = Color 
deselection, and Logic 1 = color selection per the 
table below: 

BITS COLOR PIXEL 

5 Sec. Red VID5 

4 Sec Green/lnten VID4 

3 Sec Blue/Mono VID3 

2 Red VID2 

1 Green VID 1 

0 Blue VIDO 
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B.S.1 Mode Control Register, (Index = 10) 

Bits (7:4) 

EGA: Not Used. 

Bits (3:0) 

EGA: Identical to Mode Control Register Bits (3:0) 
definition in the VGA section. 

B.S.2 Overscan Color Register, (Index = 11) 

Bits (7:6) 

EGA: Not Used. 

Bits (S:O) 

EGA: Overscan color for the border. For a 
monochrome display, set all the 6 bits to logic O. 
The border color is defined by the color table for 
the Palette registers shown above. 

B.S.3 Color Plane Enable Register, 
(Index = 12) 

Bits (7:6) 

EGA: Same as Color Plane Enable Register Bits 
(7,6) in the VGA section. 

Bits (S:4) 

EGA: 
Determines two of six colors for the Video Status 
Multiplexer according to the following table. 

~D90C20~D90C20A 

BITS BIT 4 INPUT STATUS REGISTER 1 
(PORT3?A) 

BITS BIT4 

0 a VID2 VIDa 
(Red) (Blue) 

0 1 VID5 VID4 
(SRed) (SGreen) 

1 0 VID3 VID 1 
(SBlue) (Green) 

1 1 VID5 VID4 
(SRed) (SGreen) 

Bits (3:0) 

EGA: Same as Color Plane Enable Register Bits 
(3:0) definition in the VGA section. 

B.S.4 Horizontal PEL Panning Register, 
(Index = 13) 

Bits (7:4) 

EGA: Not Used. 

Bits (3:0) 

EGA: These 4 bits determine the horizontal left 
shift of the video data in number of pixels. In 
monochrome alpha numeric modes, a 9-
dots/character image can be shifted by 9 pixels. 
For all other graphics or alpha numeric modes, a 
maximum left shift of 8 pixels is permitted. Refer 
to the left shift pixel table of the Horizontal PEL 
Panning Register Bits (3:0) described in the VGA 
section. 
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8.6 MONITOR DETECTION 

The DAC output currents IRED, IGREEN, and ISLUE, 
develop a voltage across the load resistances 
RLD. These voltages are sent to comparators 
against a voltage derived from the external volt
age reference VREF. For the WD90C20, the out
put current is determined by the formula: 

1= code x 0.04 x VREF 

RSET 

where the codes range from 0 to 63 (OH to 3FH) 
for a 6-bit DAC. 

EGA MODE APPENDIX 

For the WD90C20A, the output current is deter
mined by the formula: 

1= code x VREF x 1.036 
RSET 

The output signal MDETECT is readable at port 
3C2H bit 4. It is important to read during active 
video ouput, not during retrace or any other blank
ing period. 
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VREF 
(1.235V) 
--------.---------------------------------------------------------, 

2.75K 

WD90C20 

Red 
DAC 

Monitor 

Red 

RLD 

: Blue 

i RLD 

Green I---l--.-----t--:---+--f---::-Green 
DAC RLD 

Blue 
DAC 

. -=-

MDETECT 

~ 
Port 3C2HL-.' __ ,,-I 4-,-'---, 

FIGURE 8-1. MONITOR DETECTION FOR INTERNAL RAMDAC 
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C.O AC OPERATING CHARACTERISTICS AND TIMING DIAGRAMS 

FIGURE NUMBER TITLE 

C-1 I/O Write - AT Mode 
C-2 I/O Read - AT Mode 
C-3 Memory Write - AT Mode 
C-4 Memory Read - AT Mode 
C-5 I/O Write - Micro Channel Mode 
C-6 I/O Read - Micro Channel Mode 
C-7 Memory Write - Micro Channel Mode 
C-8 Memory Read - Micro Channel Mode 
C-9 CPU Write with Non-Page Mode 

C-10 CPU Read Non-Page Mode, CRT Read 
C-11 DRAM Page Mode Read liming 
C-12 WD90C20 LCD Timing (t = VCLK) 
C-13 RAMDAC Timing 
C-14 CRT Clock liming 
C-15 Reset Timing 
C-16 RAS OnlyDRAM Refresh Timing 
C-17 CAS Before RAS DRAM Refresh Timing 
C-18 CAS Before RAS Refresh (Power-Down Mode) 
C-19 STN Color LCD Interface Timing 
C-20 10CHRDY Release Timing in Memory Read Cycle 
C-21 10CHRDY Release Timing in Memory Write Cycle 

TABLEC-1. TIMING DIAGRAMS 

NOTE: 

The following timing values are the same for the 
WD90C20 and WD90C20A, except as noted. 

14-104 ADVANCED INFORMATION 11/25/91 



AC OPERATING CHARACTERISTICS AND TIMING DIAGRAMS WD90C20/WD90C20A 

'~ 2 ----,,--; : r-
SA(16:0) 

NO. 

1 

2 

3 

4 

5 

6 

7 

8 

~: , 
'4..L-- 3 -----i.,.~ .. 

lOW ------;--....... " ...... :'O: _____ 7 ___ ....J/: 
'IIIE , 

, 5 . 
4 -----' •• :~: 

SDI .... ·..fti\iiii\i.· •• ··· •.• ·.·.·.·.fi·····.····<iIiiii .•.•...•.••.•.•.•.•...••...•.•.....••..•. : .•.••...•....•.•.•...•.•.•..•...•.....••... : .•..........•. f'/ .. > ...... ___ D_A_T~_~_~ ...•.••..... ·•• ... · .••.•.•.•.• · .•......•.•.•.•.•...•.••.....••..•.•.....•.•..•..• :::::::::::":::"::.::::,:::::::::::::::;,::::;:::::::::::::::.:::::: .. :.: .. :.:.:.: .... ::::::.::::::::::::.::::'::::::'::::';::::":::::::::{:::.t:=:':::::::::.:::.:::: ~~ .1, ~ 

:~6~: :IIIE 7.: 
WPLT 

,,~--------~~~~---

FIGURE C-1.I/O WRITE-AT MODE 

1/0 WRITE AT MODE WD90C20 WD90C20A 

MIN. MAX. MIN. MAX. 

lOW active pulse width 2.5t 

EIO hold from lOW inactive (high) 10 

SA(16:0), hold from lOW active 30 25 

Write Data setup to lOW inactive 30 
SDI 

Write Data hold from lOW inactive 10 
SDI 

WPLT active from lOW active 50 45 
(Cl = 15pF) 

WPLT inactive from lOW inactive 50 45 
(Cl = 15QF) 

EIO, lOW active 15 
SA{16:0) setup to 

t = 1/MCLK 
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EIO 

AC OPERA TlNG CHARACTERISTICS AND TIMING DIAGRAMS 

:~8~: 
~ :~3 ->: 

i 

:. • I 2 I 

/r----

SAt 16'.0) ' .....••.. : .. , .. ' •....•. ' .. ', .. '.,.'., •..•. ·' .. : .••. · .• • .. ' .. ·.i .• ·., ••.... , •. ,' .• '., .••.••.•.•.•.•..•••..•.••.•••.••.•.. ' ..•.•• -'., •• ' .•.• ' •••.••.. ' ••.••••... ' .....••.••••.• P>-..... /. :, ADDRESS ,:. "4 .. , .•.... ' .•...••••••• Ii!·iiII\ft.Iift·.·','ii,········,·····I·.·.·.· ....... . 7'.:'!-. -------L~-----i-' .. ~ ... , ... ,; ...... ","""., ... ; ............................... . 

NO. 

1 

2 

3 

4a 

4b 

5 

6 

7 

8 

lOR 

RPLT 

LBDIR 

HBDIR 
(always high) 

LBDIR 

EIO 

SA(16:0), 

Read Data 
SDO 
Read Data 
SDO 

Read Data 
SDO 
RPLT 

RPLT 

EIO, 
SA(16:0) 

T= 1/MCLK 

i 

',. .' I 5: 
6 \~------r-----~;---:. ·1 ~ ~ :~ 7----r: 

~\ :j I 1 '"-____ .......-J 

FIGURE C-2. I/O READ-AT MODE 

I/O READ AT MODE WD90C20 WD90C20A 

MIN. MAX. MIN. MAX. 

delay from lOR 48 43 

hold from lOR inactive (high) 10 

hold from lOR active 25 

valid from lOR active .5T 1.5T+65 1.5t+60 

valid from lOR active 4t+65 1.5t+60 
for mappinQ RAM on IV 

hold from lOR inactive 10 40 

active from lOR active 50 45 
(CL = 15pF) 

inactive from lOR inactive 50 45 
(CL = 15pF) 

setup to lOR active 15 

Note: For mapping RAM access, a minimum inactive time of 3 VCLK cycles are required between 
consecutive I/O transfers. 
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NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

SLA(19: 17) 8<;-: __ A_DD_R_ES_S_~><-"--,-~-,---,--,-,---"-,,-,--,--,,---,--,,---,,,,-",,-,-,--,--,,-,--,, 

ENMEM -----./ \ ...... --------------
: +-- 8~: +-- 3~: 

ALE~--~--------------------------

SBHE --",-,-,-,-",-",-","-=9<,-: _;--_...,-~><I""!i=. ==-'-'-'-'-"'-'======~"-'--==--""'-

SA(16:0) ===",,9(: 
. 7 , :. 

MEMW ---==----=:~~:+-- 6 ~: \ .. /: 
:~4--+)1 :~I 

SOl "" •..•..•• ""' •. ~~~==c.;:==""·=~""""Kr-----DA-JA-----;-.· ~K",,: "-'-"'~"-' 

IOCHROY HI-Z 

MEMCS 16 _H!..!!I-=-Z---;-----,\ 

. 1 . 
:~: 

: 2 . 

:~I: / : ,,'--;-:------> 

FIGURE C-3. MEMORY WRITE - AT MODE 

HI-Z 

MEMORY WRITE AT MODE WD90C20 WD90C20A 

MIN. MAX. MIN. MAX. 

MEMCS16 valid from SLA (19:17) 21 
ENMEM valid 

IOCHRDY inactive from MEMWactive 10 

SLA(19:17), hold from ALE inactive 5 
ENMEM 
Data SOl valid from MEMWactive 30 25 

Data SOl hold from MEMW inactive 5 

SA(16:0), hold from MEMWactive 20 
SBHE 
SA(16:0), setup to MEMWactive 25 
SBHE 
SLA(19:17), setup to ALE inactive 25 
ENMEM 

MEMCS16 invalid from SLA (19:17) 35 30 
ENMEM invalid 
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ENMEM--1 f'~-----------
SLA(19:17) ~ ADDRESS J,<""/",,"',,,,' ========== 

!+-14;+- 2 ~i 
ALE ----L.JI'---~'------------

SBHE /",. 

EBROM-----~~ 

:~"''----''/ , 7 
LBDIR------i----, 

:+-8~ :+-8~/'----
i 

HBDIR-----+---, :+- 8 ~'" 

FIGURE C-4. MEMORY READ - AT MODE 

NO. MEMORY READ - AT MODE WD90C20 WD90C20A 

MIN. MAX. MIN. MAX. 

1 IOCHRDY inactive from MEMR active 26 

2 SLA(19:17). hold from ALE inactive 30 25 
ENMEM 

3 DataSDO valid setup to lOCH ROY active 1,5t-25 

4 Data SDO hold from MEMR 10 50 

5 SA(16:0). hold from MEMR active 20 
SBHE 

6 MEMCS16 valid from SLA(19:17) 24 
ENMEM valid 

7 MEMR active to EBROM active 50 45 

8 LBDIR 
--

HBDIR delay from MEMR 60 45 

9 SA(16:0). setup to MEMR active 25 
SBHE 

10 SLA(19:17). setup to ALE inactive 25 
ENMEM 

11 MEMCS16 invalid from SLA(19:17) 35 30 
ENMEM invalid 
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3C3DO 
(EIO) 

SO (MEMW) 

S1 (lOR) 

SDI 

~~:----------------~:,,~-----------------------. 
:~: ·.-!°o:...l 

~~: __________ ~~~y.r----------~------------
. 

~~--------~----------

:" ,/ :+-5 '+''-1 ---------'-:+--6-+~1 . . 
,,'-----------~r-----------~/ :+7-+1· 

FIGURE CoS. I/O WRITE-MICRO CHANNEL MODE 

NO. I/O WRITE - MC MODE WD90C20 WD90C20A 

MIN. MAX MIN. MAX 

1 SA(16:0), SO, S1 setup to CMO active (low) 15 
3C300, CDSETUP, 
MilO 

2 SA(16:0), SO, S1 hold from CMO active 30 25 
3C300, MilO 

3 Write data SOl setup to CMO inactive 30 

4 Write data SOl hold from CMO inactive 10 

5' WPLT active from CMO active 50 45 

6' WPLT inactive from CMO inactive 50 45 

7 COSFOBK active from Address Valid 58 53 

8 CMO inactive pulse width 2t 

9 CMO active pulse width 2.5t 

10a COSETUP (W090C20) hold from CMO inactive (high) 2t+30 2t+25 
10b COSETUP (W090C20A) hold from CMO active (low) 30 25 
• CL= 15pF 

t = 1/MCLK 

Note: For mapping RAM access, a minimum inactive time of 3 VCLK cycles are required between 
consecutive 1/0 transfers. 
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NO. 

1 

2 

3a 

3b 

4 

5 

6 

7 

8a 
8b 

9 

10a 
10b 

SA (16:0) 

CMi5 (iOW) 

SO (MEMW) 

:'~--------------
:...-- 10b--+-: ; ___ 103-+ I 

~======~===:;:: )¢"C'""',,,,,,,!,,,;;,,,, ... ,., ..•... ,.,., ..... ,.,., .... ,., ....... ,." .... ,.,.,.,.,:{;,;',,;:, ....... . 

~ ADDRESS : ~ ."'" """"'t, ",,",,,,,,,;,,,,,,,,,,,,,,,,, .""",,",,;,,,,,,;,;,,,,""'" 
j...-- 1 --+:-4- 2-+: 
: \. . 

---1 ~~---+-----------
~~-----+--~~~---+-----------

wiD (MEMA) ~~-----7-' ----:/ :+-3+--1 :+4+1 
500 r::~: :::::::::::::::::::::::::::~::::::::::::: ::::::::::::::::::::::::;:::::~;:::::~ :::::::::::::::::::~:::::~:::>< 

HBOIR 
(always high) 

:OATA ><:;:::;:;::;.::::;:.;.:.:.: .................... . 

FIGURE C-6. I/O READ - MICRO CHANNEL MODE 

I/O READ MC MODE WD90C20 

MIN. MAX. 

SA(16:0), SO, S1, setup to CMD active (low) 15 
3C3DO, CDSETUP, 
MilO 
SA(16:0), SO, S1, hold from CMD active 30 
3C3DO, MilO 

Read data valid from CMD active .5T 1.5T+6!= 
SDO 
Read data valid from CMD active 4t+65 
SDO mapping RAM only 

Read data hold from CMD inactive 10 40 
SDO 

RPLT active from CMD active 50 
(Cl = 15pF) 

RPLT inactive from CMD inactive 50 
(Cl = 15pF) 

CDSFDBK active from Address Valid 58 

CMD active pulse width 130 
CMD active pulse width 4t+30 

mapping RAM only 

LBDIR delay from CMD 48 

CDSETUP (WD90C20) hold from CMD inactive (high) 21+30 
CDSETUP (WD90C20A) hold from CMD active (low) 30 

T = 1/MCLK 

WD90C20A 

MIN. MAX. 

25 

1.5t+60 

4t+60 

45 

45 

53 

4t+25 

43 

2t+25 
25 

Note: For mapping RAM access, a minimum inactive time of 3 VCLK cycles are required between 
consecutive 110 transfers. 
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NO. 

1 

2 

3 

4 

5 

6 

7 

8a 
8b 

ENMEM 

3C3DO 

(EIO) 

CDSETUP 

SBHE 

SA (19:0) 

CMD 

:~~---------------

: '\.~---------------

EEffi><i 
,~ '·---+1 

tlEEll><t: ===±=:::::::>:<}""""" "","""".""""""," """""""""""""""""''''''''''''''''"""'',,,',,,,,,,'1 

~ ADDRESS >i<l>"", """'" """"",,,,,"""b,,,," '."''''''''''''''''''''',,'''''',,'''''''''''''',,''''''''1 
'<01{--1 ~'..-- 2---+' 

";.-: ____ ...;...' ____ ----'I: 

So (MEMW) ~'!-: --------i----...;'~ , 

Milo 

SDI 

CDCHRDY 
(IOCHRDY) 

CDDS16 

CDSFDBK 

(EBROM) 

----""': ~~----~~--------
, , ~~--------!-----;--------, I ~ : +-- 3 -- -=------:.J 

""", """",,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,.,,,,,,,.,,,,"""'''''''''''' "·"t"·""'·""""·"'''''''''''''''''><~------;;;DA:T."TA-----'.~ 

:+---6_1 
''----T-' ________ ...J/ 

:.-5 ........ 1 
: ~~ __________________ -J~ 

:+-- 7-1 
~~----------------~/ 

FIGURE C-7. MEMORY WRITE-MICRO CHANNEL MODE 

MEMORY WRITE MC MODE WD90C20 

MIN. MAX. 

SA(19:0), SO, S1, setup to CMD active (low) 25 
ENMEM, SBHE, 3C3DO, 
CDSETUP, MilO 

SA(19:0), SO, S1, hold from CMD active 30 
ENMEM, SBHE, 
3C3DO, MilO 

Data SOl valid from CMD active 25 

Data SOl hold from CMD inactive 0 

CDDS16 valid from SA(19:0) 45 
ENMEMvalid 

SA(19:10) valid to CDCHRDY inactive (low) 40 
SO,S1 

CDSFDBK active from Address Valid 58 

CDSETUP (WD90C20) hold from CMD inactive (high) 2t+30 
CDSETUP(WD90C20A) hold from CMD active (low) 30 
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MIN. MAX. 

25 

53 

2t+25 
25 
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ENMEM -------.I \,---~ _______ _ 
~~~ --~\L ______ __ 

:::::::::D< ____ ----::-'X"",····-.e' ."",. -'-'-'-'-'-'-'-'-'-'-'-'~ 

===x A)t--=9a=*X . 
SSHE 

coseTUP 

SA(19:O) 

~1~: 
\\-. ____=--.-J! 

so I"'"W> --./ ,, _____ --'---____ _ 

51 (iOR'j 

soo 

+-3~ 
~gg~~g~ -~-~\,,-i ~~!i-: ----'------

:.-6--.: 
\'-------'--'/ 

~5~ 
IEBROM) \ / 

~~gl~ *--7~:-.\ j~e---+/r---

FIGURE CoS. MEMORY READ-MICRO CHANNEL MODE 

NO. MEMORY READ MC MODE WD90C20 WD90C20A 

MIN. MAX. MIN. MAX. 

1 SA(19:0), SO, S1, setup to CMD active (low) 25 
ENMEM, SBHE, 3C3DO, 
CDSETUP MIlO 

2 SA(19:0), SO, S1 hold from CMD active 30 25 
ENMEM, SBHE, 
3C3DO, MIlO 

3- Read data setup to CDCHRDY 1.5t-25 
SDO valid active (high) 

4 Read data hold from CMD inactive 10 50 45 
SDO 

5 CDDS16 valid from SA(19:0) 45 40 
ENMEM valid 

6 SA(19:0) valid to CDCHRDY 40 
SO,S1 inactive (low) 

7 CDSFBK active from Address Valid 58 53 

8 HBDIR, LBDIR delay from CMD 60 55 

9a CDSETUP (WD90C20) hold from CMD inactive (high) 2t+30 2t+25 
9b CDSETUP (WD90C20A) hold from CMD active (low) 30 25 

NOTES: - PR1 A (7:6) = 00 
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NO. 

1 

2 

3 
4 

5 
6 

7 
8 
9 
10 

11 
12 

MCLK 

VCLK 

MA 

MDOH 

MDOL 

RAS10 

CAS10 

WEO, WEl 

WE2, WE3 

RAS32 

CAS32 

OE10, OE32 

~4 19-;-' ----_~: 
---\+4----;-.- --_~/ : ,'---_______ _ 

:_2_~_3_: 
:4 : 4---=---:-+,'~W: _____ ~ _______ _ 

\_5_/ 
~"4 --;--10 : Ii: 

__ ~_~~_'_2~_:_::-_6_,8~,~:'-------1.j~:Ll------__ _ 

--~~ .. 4~--~~----,4~~~~~~'~~~h~ 1~/~------
: ~~2-: :+-:;-5: :: 
~_ 13~\-- 3 ~i-: --------

FIGURE C-9. CPU WRITE WITH NON-PAGE MODE 

CPU WRITE WD90C20 WD90C20A 
MCLK = 45.046 MHz MIN. MAX. MIN. MAX. 

RAS10 (RAS32) pulse width low 5t-25 5t 5t-20 

RAS10 (RAS32) low to CAS10 (CAS32)(low) 2t-11 2t+2 2t-6 

CAS10 (CAS32) low to RAS10 (RAS32)(high 3t-20 3t+10 3t-5 

RAS10 (RAS32) low to CAS10 (CAS32)(high 5t-25 5t 5t-20 

CAS10 (CAS32) pulse width low 3t-25 3t 3t-20 

WEO, WEi low to CAS 1 O(high) 2.5t-20 2.5t 2.5t-15 

WE2, WE3 low to CAS32 -(hiQh) 5t-20 5t 5t-15 

WEO, WEi low to RAS10 (hiQh) 2.5t-20 2.5t+2 2.5t-15 

WE2, WE3 low to RAS32-(hiQh) 5t-20 5t+2 5t-15 

WEO, WEi pulse duration 3t-20 3t 3t-15 

WE3, WE2 pulse duration 5t-20 5t 5t-15 

WEO, WEi low from CAS10 (low) 0.5t-5 0.5t+6 
t = 1/MCLK 
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WD90C20/WD90C20A AC OPERA TlNG CHARACTERISTICS AND TIMING DIAGRAMS 

NO. CPU WRITE WD90C20 WD90C20A 
MClK = 45.046 MHz (CONTINUED) MIN. MAX. MIN. MAX. 

13 WE2, WE3 low to CAS32 (low) 2t-10 2t 

14 RAS10 low to RAS32 (low) 4.St-7 4.St+7 

1S Row address setup to RAS10, RAS32 (low) t-1S t+1S 

16 Row address hold fromRAS1 0, RAS32 (low) t-S t+1S 

17 Column address setup to CAS10, RAS32 (low) t-2S t+ 10 t-20 

18 Column address hold fromCAS10, CAS32 (low) 1.St-S 1.St+20 1.St+1S 

19 Random Write Cycle 9t 

20 Write Data setup to WEO, WE1 (low) t-10 

21 Write Data hold from WEO, WE1 (low) 2t-S 

22 Write Data setup to CAS32 (low) 2t-S 

23 Write Data hold fromCAS32 (low) t-S 
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MCLK 

VCLK 

MA 

MOIH 

MOIL 

RAS10 

CAS10 

OE10 

~ X COL 1 X'"-'. '""'-'~~~~~~~~= 
!~!7:!7~! :-11!--:~ !tt~! 

~--"-"""""""-,,"",,,,-;.;,....;...c~~~~~:16~~~,,,,i~~~~!'-17)C'"-'>~~~~= 
~==-'-':--'-'-----=-'-'-----=X ' >< ><: X,-,-·, ~~~= 

~ : 
\~ ,.-- 3-:/1 \'!--i------

___ ~~t::=:===\"- 4 : ~:,--_~ ____ ...,.-_______ _ 

\_5 -+-1 
.-6--' 

\, 
WEO, WE1 

: __ ~O~ , 

WE2, WE3 

RAS32 

CAS32 

OE32 

(1) 

\_5_/ 
~2 __ !:-3-:' 

! \ '_9_/ 
!""·_10~· 

FIGURE C-l0. CPU READ NON-PAGE MODE, CRT READ 

NO. CPU READ AND CRT READ, NON-PAGE MODE WD90C20 
MCLK = 45.046 MHz MIN. MAX. 

1 RASi0 (RAS32) pulse width low 5t-25 5t 

2 RAS10 (RAS32) low to CASi0 (CAS32)(low) 2t-i1 2t+2 

3 CASi0 (CAS32) low to RASi0 (RAS32)(high 3t-15 3t+l0 

4 RAS 1 0 (RAS32) low to CAS10 (CAS32)(high 5t-20 5t 

5 CASi0 (CAS32) pulse width low 3t-20 3t 

6 CAS10 low to OE10 (low) t-6 t+5 

7 CAS32 low to OE32 (low) t-6 t+5 

8 CAS10 high to OEi0 (high) t-6 t+5 
t=1/MCLK 
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WD90C20A 

MIN. MAX. 

5t-20 

3t-12 

5t-15 

3t-15 
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NO. CPU READ AND CRT READ, NON·PAGE MODE WD90C20 WD90C20A 
MCLK = 45.046 MHz (CONTINUED) MIN. MAX. MIN. MAX. 

9 CAS32 high to OE32 (high) t-6 t+5 

10 OE10,OE32 pulse width low 3t-20 3t 3t-15 

11 Row address setup to RAS10, RAS32 (low) t-12 t+10 

12 Row Address hold fromRAS10, RAS32 (low) t-5 t+15 t+12 

13 Column Address setup to CAS10, CAS32 (low) t-12 t+10 

14 Column Address hold fromCAS10,CAS32 (low) 1.5t 1.5t+25 1.5t+20 

15 Random Read Cycle 9t-2 

16 Read Data setup to CAS10, CAS32 (high) 10 

17 Read Data hold fromCAS10, CAS32 (high 15 
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9 10 11 12 13 14 15 16 17 16 19 20 21 22 23 24 

MCLK 

MA(8:0) 

RAS10 

CAS10 

RAS32 

CAS32 

OE32 

II • 26 i 1_24 
_25_~ :_27--..1 

-----------.. 7- 23 -~ 

MD(1S:0) _____________ r ... __ --/'--_-.J'--_./ ...... _--''-_ ....... ,, __ _ 

FIGURE C-11. DRAM PAGE MODE-READ TIMING 

NO. PAGE MODE READ ACCESSES 
MCLK = 45.046 MHz 

1- Page mode cycle time CAS10 low to CAS low 

2 RAS10 Precharge 

3 RAS10 low to CAS10 high (first) 

4 RAS10 low to CAS10 low 

5 First CAS10 pulse width high 

6 CAS10 pulse width high 

7 CAS10 low to RAS10 high 

8 CAS32 low to RAS32 high 

9 Row address setup to RAS10 low 

10 Row address hold from RAS10 low 

11 Column address setup to CAS10 low 

12 Column address hold from CAS10 

13 Column address setup to CAS32 
- First cycle IS +2t longer than this spec 

t = 1/MCLK 
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WD90C20 

MIN. MAX. 

5t-2 

4t-6 4t+14 

5t-20 5t-2 

2t-11 2t+2 

4t-10 4t+10 

2t-10 2t+10 

3t-15 3t+4 

5t-15 5t+4 

t-5 t+16 

t-5 t+5 

t-15 t+ 1 

1.5t 1.5t+18 

t-15 t+8 

WD90C20A 

MIN. MAX. 

4t+10 

5t-15 

3t-12 

5t-12 

t+12 
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NO. PAGE MODE READ ACCESSES WD90C20 WD90C20A 
MCLK = 45.046 MHz (CONTINUED) MIN. MAX. MIN. MAX. 

14 Column address hold from CAS32 low 1.5t-15 1.5t+2 1.5t-12 

15 Row address setup to RAS32 low t-15 t+5 t-12 

16 Row address hold from RAS32 low t-8 t+5 

17 RAS32 low from RAS10 low 4.5t-7 4.5t+7 

18 Read data setup to CAS high 15 

19 Read data hold from CAS high 15 

20 OE10 (OE32) pulse width low 3t-20 3t 3t-15 

21 OE10 (OE32) low after CAS10 low (CAS32) t-6 t+6 

22 OE10 (OE32) high after CAS10 high (CAS32) t-6 t+6 

23 CAS10 (CAS32) pulse width low 3t-20 3t 3t-15 

24 Page mode cycle time CAS32 low 5t-2 
to CAS32 low 

25 RAS32 low to CAS32 high (first) 5t-22 5t 5t-15 

26 RAS32 low to CAS32 low 2t-11 2t+2 

27 First CAS32 pulse width high 2t-11 2t+11 
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Vertical blanking = 
(Vlolal + 2 - 240) X LP 

»: 
2 3 239 24P 

LP~ 
i. : _16001 

11~~~11: 

FP 16001 
~--------~--~------~ 

2 

FR 1- (V IOlal + 2) X Lj = (V IOlal) X 16001 -I-I __ _ 
..... 

LP ~_81 __ ~n~ ____ ~n~: ____ ~n~ ____ _ 
XSCLK 

XSCLK 

UD(3:0) 
LD(3:0) 

160 
~ 

111111 111111 

160 
~ 

111111 111111 

160 
~ 

111111 111111 

FIGURE C-12. WD90C20 LCD TIMING DIAGRAM (t=VCLK) 
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VCLK 

IOR,IOG,IOB 

FR/BLANK 

FIGURE C-13. RAMDAC TIMING 

NO. PARAMETER WD90C20 

MIN. TVP MAX 

1 VCLK Pulse Width High Time 9 

2 VCLK Pulse Width Low Time 9 

3 Analog Output Delay 30 

4 Analog Output Rise/Fall Time 3 

5 Analog Output Settling Time 20 

6 Clock Frequency 45 

7 Blanking Delay Time 45 
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, . . , , , . , , -.4,_ _,5,_ 
MCLK Y: \-3-)1 " :/. :~ / VCLK ,-2_, , , , , , 

. 
PCLK / " I " / " 6 7 

UD(3:0) X X X LD(3:0) 

FIGURE C-14. CRT CLOCK TIMING 

NO. PARAMETER WD90C20 WD90C20A 

MIN. MAX MIN. MAX 

1 Input Clock (VCLK, MCLK) t t 

2 Input Clock High Time 40% 60% 

3 Input Clock Low Time 40% 60% 

4 Input Clock Rise Time 3 

5 Input Clock Fall Time 3 

6' UD(3:0), LD(3:0) setup time to PCLK (high) 
Mode 0 20 
Mode 3 10 
Mode 4 20 
Mode 12 10 
Mode 13 15 20 

7* UD(3:0), LD(3:0) hold time from PCLK (high) 
Mode 0 10 
Mode 3 10 
Mode 4 10 • Mode 12 10 
Mode 13 -25 20 

, For external RAMDAC 
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" , .--1-, •• --2--'-": 

RESET 
, ,---------" 

------~--~/. \~---------------, 
:+3"':.....- 4 ,~: , 

MD(15:0) ----~----~~' i>~------

Vee -----/. , 

IOR/MEMR 

NO. 

1 Vee 

2 RESET 

3 MD(15:0) 

4 MD(15:0) 

5 RESET 

14-122 

:-+--- 5 --., 

~'-----

FIGURE C-15. RESET TIMING 

PARAMETER WD90C20 WD90C20A 

MIN. MAX. MIN. MAX. 

high to RESET (high) 100ns 

pulse width 100t 

setup to RESET (low) 2t 

hold from RESET (low) 2t 

to first IOR/MEMR 10t 
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7 
-- I I 

RAS10 ~ 
3 ~% ~ 4 

I 

:-1-+-' =x I 

X MA(8:0) 
:.......-- 2-----+~ 

~ ~ 5 7.' RAS32 6 
I • 7 ~ I 
I I 

FIGURE C-16. RAS ONLY DRAM REFRESH TIMING 

NO. PARAMETER WD90C20 WD90C20A 

MIN. MAX. MIN. MAX. 

1 MA(8:0) setup to RAS10 active t 

2 MA(8:0) hold to RAS32 active t 

3 RAS10 low time 5t-20 5t+10 5t-15 

4 RAS10 high time 4t-10 4t+10 

5 RAS32 low time 5t-20 5t+10 5t-15 

6 RAS32 high time 4t-10 4t+10 

7 RAS cycle time 9t-10 9t+10 
t = 1/MCLK 

III 
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MCLK UUlJlJlSLlLJlJlJlJl 

RAS10 I+------- 1A ---+ 1..-- 19 ---+ IC-------
3: 4 1 1 1 .---__ ---,..----., ~ ..- 7 ----+ 

CAS10 ~ 1..- j2A ----+1f:; .. i===~29s=====~~ LI _~ __ .....J 

OE10 

RAS32 

CAS32 

OE32 

NO. 

1A 
18 

2A 
28 

3 

4 

5 

6 

7 

1'--5~: ''--6~ 
__ ---'I· ",-

I~ DRAM REFRESH FOR PLANES 1,0 

1.-- 1A -----'1.-- 19 --.. ~ L 
1 +-- 3 ---.: ~I I +--7 ---+ I 

'--___ --'r---,1.--2Aj.......---.-.l.. 29 ~'--I __ _ 

1'--5---+' 

I~ DRAM REFRESH FOR PLANES 3,2 

FIGURE C-H. CAS BEFORE RAS DRAM REFRESH TIMING 

* (VALID ONLY FOR WD90C20A) 

CAS BEFORE RAS DRAM REFRESH TIMING WD90C20 
MIN. MAX. 

RAS10 (RAS32) pulse width low 5t-10 5t+10 
RAS10 (RAS32) pulse width high 5t-10 5t+10 

CAS10 (CAS32) pulse width low 4t-5 4t+5 
CAS10 (CAS32) pulse width high 6t-5 6t+5 

CAS10 (CAS32) low to RAS10 (RAS32) (low) 2t-10 2t+10 

RAS10 (RAS32) low to CAS10 (CAS32) (high) 2t-10 2t+10 

OE10 (OE32) high to RAS10 (RAS32) (low) 4t-8 5t+8 

RAS10 (RAS32) low to OE10 (OE32) (low) 30t 

RAS10 (RAS32) high to CAS10 (CAS32) (low) 3t-5 3t+20 
(Precharge) 

WD90C20A 
MIN. MAX. 

3t+15 

t = 1/MCLK 
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REFRESH ------..,,'-_____ ~/: 
1-3~: : ~~,---------------

I 

CAS 

RAS 

FIGURE C-18. CAS BEFORE RAS REFRESH (Power-Down Mode) 

NO. PARAMETER WD90C20 WD90C20A 

MIN. MAX. MIN. MAX. 

1 CAS low from REFRESH (low) 20 

2 RAS low from CAS (low) 20 

3 CAS high from REFRESH (high) 15 

4 RAS high from CAS (high) 20 

• 
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WD90C20/WD90C20A 

FP 

LP 

XSCLK 

DATA 

AC OPERATING CHARACTERISTICS AND TIMING DIAGRAMS 

LP----------~~ 

XSCLK~ 
7. ~~ 1m1l~II~mt DATA "II 

NOTE: - 11 = lVCLK = 40 ns 
- 1 XSCLK = 21 
- DATA: Rl - UD3 

Gl- UD2 
Bl-UDl 
R2-LD2 
G2- LD2 
B2-LDl 

FIGURE C-19. STN COLOR LCD INTERFACE TIMING 
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PR1A (7:6) ; 00 ~ 

PR1A (7:6) ; 01 ~ 

IOCHRDY 
PR1A (7:6) ; 10~ 

PR1A (7:6) ; 11 ~ I 

FIGURE C-20. IOCHRDY RELEASE TIMING IN MEMORY READ CYCLE 

• 
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PR1A (5:4) = 00 ~ I 

_____ ....J PR1A (5:4) = 01. release CPU cycle 

IOCHRDY 
PR1A (5:4) = 10. release CPU cycle 

PR1A (5:4) = 11. release CPU cycle 

FIGURE C-21. IOCHRDY RELEASE TIMING IN MEMORY WRITE CYCLE 
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C.1 DC AND RAMDAC SPECIFICATIONS 

SUPPLY PINS 

PARAMETER MIN MAX CONDITIONS 

VCC 4.1V 4.7V Pins 9, 28, 53, 67, 94 
RVCC 4.75V 5.25V Pin 108 
AVCC 4.75V 5.25V Pin 123 

WD90C20 TYPICAL AND MAXIMUM CURRENT/POWER CONSUMPTION 

MODE FREQUENCY (MHz) 

25 MHz 28 MHz 32 MHz 

TYPICAL MAX. TYPICAL 

DISPLAY ACTIVE 149.4 mA 179.3 mA 166.8 mA 
671.5 mW 805.8 mW 750.0 mW 

SYSTEM POWERDOWN • - -

- -
DISPLAY IDLE 22.0 mA 27.5 mA 

98.3 mW 122.9 mW 

GENERAL POWERDOWN 11.0 mA 14.3 mA 
W/EXT. CLK CONTROL •• 49.7mW 64.6mW 

GENERAL POWERDOWN 22.0 mA 27.5 mA 
WIINT. CLK CONTROL 98.4 mW 123.0 mW .. 

Conditions: AVCC (pin 123) = 5.0 volts, MCLK=44.9 MHz 
RVCC (pin 108) = 5.0 volts, 

-
-

24.3 mA 
108.5 mW 

11.0 mA 
49.7mW 

24.8mA 
110.6 mW 

DIGITAL VCCs (pins 9, 28, 53, 67, 94) = 4.4 volts 
Display type active when measurements taken: LCD. 

• - Not available for WD90C20 
•• - VCLK = 2.0 MHz, MCLK = 6.9 MHz 

ADVANCED INFORMATION 11125191 

MAX. TYPICAL MAX. 

200.2 mA 182.8 mA 219.4 mA 
900.0 mW 822.2 mW 986.6mW 

- - -
- - -

30.4 27.2mA 34.0 mA 
135.6 mW 121.5 mW 151.9 mW 

14.3 mA 11.0 mA 14.3 mA 
64.6mW 49.7mW 64.6mW 

31.0 mA 26.9 mA 33.6mA 
138.3 mW 120.0 mW 150.0 mW 
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WD90C20/WD90C20A AC OPERA TlNG CHARACTERISTICS AND TIMING DIAGRAMS 

WD90C20A TYPICAL AND MAXIMUM CURRENT/POWER CONSUMPTION 

MODE FREQUENCY (MHz) 

25 MHz 28 MHz 

TYPICAL MAX. TYPICAL 

DISPLAY ACTIVE 74.0 mA 88.8 mA 83mA 
346.0 mW 415mW 388.0 mW 

SYSTEM POWERDOWN * 4.5 mA 10.0 mA 4.5 mA 
21.0 mW 46.6 mW 21.0 mW 

DISPLAY IDLE 11.9mA 15.5 mA 13.1 mA 
56.6 mW 73.6 mW 62.5 mW 

GENERAL POWERDOWN 17.5 mA 21.9 mA 17.5 mA 
W/EXT. CLK CONTROL ** 82.6 mW 103.3 mW 82.6 mW 

GENERAL POWERDOWN 11.9 mA 15.5 mA 13.1 mA 
W/INT. CLK CONTROL 56.6 mW 73.6mW 62.5 mW .. 

Conditions: AVCC (pm 123) = 5.0 volts, MCLK=44.9 MHz 
RVCC (pin 108) = 5.0 volts, 
DIGITAL VCCs (pins 9, 28, 53, 67, 94) = 4.4 volts 
Display type active when measurements taken: LCD. 

* - VCLK = MCLK = 0 Hz 
** - VCLK = MCLK = 6.9 MHz 
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MAX. 

99.6 mA 
465 mW 

10.0 mA 
46.6mW 

17.0 mA 
81.3 mW 

21.9 mA 
103.3 mW 

17.0 mA 
81.3 mW 

32 MHz 

TYPICAL MAX. 

91.0mA 109.2 mA 
425.0 mW 510mW 

4.5mA 10.0 mA 
21.0 mW 46.6mW 

14.7 mA 19.1 mA 
70mW 91.0 mW 

17.5 mA 21.9 mA 
82.6mW 103.3 mW 

14.7 mA 19.1 mA 
70mW 91.0 mW 



AC OPERA TlNG CHARACTERISTICS AND TIMING DIAGRAMS WD90C20/WD90C20A 

INPUT PINS 

PINS LA17-19, SBHE, MEMEN, EI0/3C3DO, ALE, MEMR/M/IO, PWRDN, MEMW/SO, 
IOR/S1, 10W/CMD, RESET, REFRESH, MCLK, VCLKO, SAO-16 (PINS 3-8, 11, 
38-44,98,99,117-122,124-132,1,2) 

PARAMETER MIN MAX CONDITIONS 

VIL -O.5V 0.8V 
VIH 2.0V VCC+0.6 
ilL -10 uA 10 uA VIN = OV TO VCC 

PIN VREF (PIN 111) 

PARAMETER MIN MAX CONDITIONS 

VINANALOG -0.5V 2.0V See RAMDAC specifications 
ilL -10 uA 10 uA VIN = OV TO VCC 

-100 uA 100 uA VIN = OV TO VCC+0.6V 

PIN MDETECT/FSADJUST (PIN 112) 

PARAMETER MIN MAX CONDITIONS 

VIL -0.5V O.SV 
VIH 2.0V VCC+0.6 
ilL -10 uA 10 uA VIN = OV TO VCC 

PIN ALL INPUTS 

PARAMETER MIN I MAX I CONDITIONS 

CIN I 6 PF I 

PINS IRQ/IRQ, MAO-8, RAS10, RAS32, CAS10, CAS32, WEO, WE1, WE2, WE3, 
OE10, OE32 PINS 12, 45-52, 55-65) 

PARAMETER MIN MAX CONDITIONS 

VOL O.4V IOL=3.0mA 
VOH 2.4V 10H = -4.SmA (WD90C20 only) 

10H = -6.0mA (WD90C20A only) 

PINS EBROM/CDSFDBK, HBDIR, LBDIR, LP/HSVNC, FPIVSVNC, FR/BLANK, RPLT, 
WPLTIVD9 LDO-3 UDO-3, (PINS 13 16,17 89-93,100-1071 

PARAMETER MIN MAX CONDITIONS 

VOL O.4V 10L= 1.5mA 
VOH 2.4V 10H = -3.6mA 

PINS MEMCS16\CDS16, IOCHRDV (PINS 14,15) 

PARAMETER MIN MAX CONDITIONS 

VOL O.4V 10L= 16.0mA • VOH 2.4V 10H = -S.OmA 

TABLE C-2. D.C. TEST SPECIFICATIONS 
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PINS RED, GREEN, BLUE (PINS 114-116) 

PARAMETER MIN I MAX I CONDITIONS 

VOUT -0.5 I 1.5 1 See RAMDAC Specification 

PIN LCDICRT (PIN 110) 

PARAMETER MIN MAX CONDITIONS 

VOL O.4V IOL=6.0 rnA 
VOH 2.4V IOH = -6.0rnA 

PINS PCLK, XSCLK, WGTCLK (PINS 86-88) 

PARAMETER MIN MAX CONDITIONS 

VOL O.4V IOL=6.0 rnA 
VOH 2.4V IOH = -6.0rnA 

1/0 PINS 

PINS VCLK2, VCLK1 (PINS 96, 97) 

PARAMETER MIN MAX CONDITIONS 

VIL -0.5V 0.8V 
VIH 2.0V VCC+0.6 
VOL O.4V IOL= 1.5 rnA 
VOH 2.4V IOH = -3.6rnA 
IOZ -50 uA 50uA VOUT = OV TO VCC 

PINS SDO-15, MDO-15 (PINS 36-29,26-19,84-77,75-68) 

PARAMETER MIN MAX CONDITIONS 

VIL -0.5V 0.8V 
VIH 2.0V VCC+0.6 
VOL O.4V IOL= 3.0 rnA 
VOH 2.4V IOH = -4.8rnA (WD90C20 only) 
IOZ -50 uA 50uA IOH = -6.0rnA (WD90C20A only) 

VOUT = OV TO VCC 

PINS ALL OUTPUTS AND IIO'S 

PARAMETER MIN MAX CONDITIONS 

COUT 30 PF 

TABLE C-2. TEST SPECIFICATIONS (CONTINUED) 
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AC OPERA TlNG CHARACTERISTICS AND TIMING DIAGRAMS WD90C20/WD90C20A 

PINS BLUE, GREEN, RED PINS (114-116) 

PARAMETER MIN TYP MAX CONDITIONS 

DAC RESOLUTION 6 BITS 

INTEGRAL LINEARITY 1/2 LSB Least Squares Fit 
ERROR 
DIFFERENTIAL LINEARITY 1/2 LSB Least Squares Fit 
ERROR 
WHITE LEVEL RELATIVE 13.3BmA 14.0BmA 14.79mA VREF = 1.235, 
TO BLACK RSET = 221 Ohms 

BLACK LEVEL -20uA 20uA 

GRAY SCALE CURRENT 20mA 
RANGE 
LSB SIZE 223.5 uA VREF = 1.235, 

RSET = 221 Ohms 

GRAY SCALE ERROR 5.0% 

GLITCH ENERGY 50 
pJOULES 

SETTLING TIME 20 NS R <= 150 Ohms, 
100 PF 

CLOCK FEED THROUGH 20 
pCOULOMB 

DAC TO DAC MATCHING 5% 

OUTPUT COMPLIANCE -5% +5% 
CURRENT TOLERANCE 
OUTPUT COMPLIANCE -0.5V +1.5V 
VOLTAGE RANGE 

VOLTAGE REFERENCE 1.14 1.235 1.26 

VOLTAGE REFERENCE 10 uA 
INPUT CURRENT 

TABLE C-3. RAMDAC SPECIFICATIONS (WD90C20 ONLY) 

III 
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WD90C20/WD90C20A PACKAGE DIMENSIONS AND SPECIFICA TlONS 

0.0 PACKAGE DIMENSIONS AND SPECIFICATIONS 

1.103 
1.097 

14-134 

.800 REF 

r P1N NO. 1 (REF) 

t--______ 1 .085 --7'/---~ 
1.075 / 

~ __ .953 ___ -,-:-____ ~ 
.947 

1-----.800 REF------1 

1--______ 1 .1 03 ---------i~ 
1.097 

FIGURE 0-1. 132-PIN PQFP PLASTIC FLAT PACKAGE 
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PACKAGE DIMENSIONS AND SPECIFICATIONS 
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Detail A 
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FIGURE 0-1. 132-PIN PQFP PLASTIC FLAT PACKAGE (CONTINUED) 
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~D90C20/~D90C20A 

E.O MAXIMUM RATINGS 

Ambient temperature under bias 
Storage temperature 
Voltage on all inputs and outputs with respect to Vss 
Power dissipation 
Power Supply Voltage 

oOC to 70° C 
-40°C to 125°C 
-0.3 to 6.5 Volts 
1.2 Watts 
4.1 to 4.7 Volts 

MAXIMUM RA TlNGS 

NOTE: Stresses above those listed under Maximum Ratings may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions 
above those indicated in the operational section of the specification is not implied. Exposure to maxi
mum rating conditions for extended periods may affect product reliability. 
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DIFFERENCES BETWEEN WD90C20 AND WD90C20A W090C20IW090C20A 

F.O DIFFERENCES BETWEEN WD90C20 AND WD90C20A 
The W090C20A is a 0.9 micron version of the 
W090C20 VGA controller chip. The submicron 
process design delivers reduced power consump
tion, true hardware vertical expansion, and an en
hanced color palette for Super Twisted Nematic 
(STN) color LCOs. 

Since the W090C20A uses the smaller 0.9 micron 
geometry, smaller capacitances are required; 
therefore, a system designed with the W090C20A 
uses less power than a comparable system using 
a 1.25 micron geometry VGA chip. Because the 
W090C20A is pin-to-pin compatible with the 
W090C20, you can keep your current designs 
and upgrade them for lower overall power con
sumption. 

F.1 FUNCTIONAL CHANGES 

• DC specifications for some of the 
output buffers have changed. See 
sections C.1 and F.4 for the 
W090C20A DC specifications. 

• Internal pullups on the SO bus are 
eliminated for the W090C20A. 

• The primary output MEMCS16 is 
tristated when PWRONN=O and 
PR35(5)=1 for the W090C20A. 

• The continuous LP pulses during 
vertical blanking are now selectable on 
the W090C20A for color LCOs (in 
addition to mono LCOs). 

F.2 FEATURE ENHANCEMENTS FOR 
WD90C20A 

F.2.1 DAC Enhancement 

The WD90C20A OAC shuts off through software. 
Setting PR18(7}=0 enables the OAC to operate as 
normal; setting PR18(7}=1 forces the W090C20A 
OAC to be shut off. 

F.2.2 Micro Channel Interface Enhancement 

The W090C20A has additional support for the 
Micro Channel interface. If PR39(4}=0, then the 
default I/O cycle is selected. 

If PR39(4}=1, then the synchronous-extended I/O 
cycle is selected. 

F.2.3 Monochrome LCD Contrast 
Enhancement 

Reverse video in text mode only and normal video 
in graphics mode. 

If PR18 (4) = 0, then only normal video 
displayed. 
If PR18 (4) = 1 and PR39 (3) = 0, then 
reverse video is displayed in both text and 
graphics modes. The W090C22 also has 
this feature. 
If PR18 (4) = 1 and PR39 (3) = 1, then re
verse video is displayed only in text mode, 
while normal video is displayed in graphics 
mode. 

PR39 (3) PR18 (4) TEXT GRAPHICS 

X 0 Normal Normal 
0 1 Reverse Reverse 
1 1 Reverse Normal 

X= don't care 

F.2.4 Plasma Panel Support 

Plasma panel support is not available for the 
WD90C20A. 

F.2.S Color LCD Display Enhancement 

The W090C20A increases the number of display 
colors from 512 to 4K for STN color LCOs. 

The W090C20A has simultaneous display of both 
the CRT and single panel color LCOs with vertical 
expansion and autocentering. 

The LCD/CRT polarity is shown as follows: 

In the W090C20 

DISPLAY MODE LCD/CRT 

CRT only H 
Flat panel only L 
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WD90C20IWD90C20A 

In the WD90C20A 

DISPLAY MODE LCD/CRT 

CRT only H 
Flat panel only L 
Simultaneous display L 

The WD90C20A has multiplexed outputs for CRT 
VSYNC and CRT HSYNC. 

For bit 2: Enable CRT VSYNC and CRT HYSNC 
If PR39 (2) = 0, then LBDIR pin=LBDIR signal 
and HBDIR pin=HBDIR signal. 

If PR39 (2) = 1, then LBDIR pin=CRT VSYNC 
signal and HBDIR pin=CRT HSYNC signal. 

See the following table. 

PR39 (2) LBDIR HBDIR 

0 LBDIR HBDIR 
1 CRTVSYNC CRT HSYNC 

When the TFT panel is enabled, the polarities of 
CRT VSYNC and CRT HSYNC are now pulsed 
low, regardless of the values programmed in the 
Miscellaneous Output Register Bit 7 and Bit 6 in 
PR11 (3). ' 

The WD90C20A has programmable polarities of 
FP and LP. 

For bit 1: FP Polarity Select. 
If PR39 (1) = 0, then FP has normal polarity. 
If PR39 (1) = 1 then FP has reverse polarity. 

For bit 0: LP Polarity Select. 
If PR39 (O) = 0, then LP has normal polarity. 
If PR39 (O) = 1, then LP has reverse polarity. 

PR39(1) FP PR39(O) LP 
0 Normal 0 Normal 
1 Reverse 1 Reverse 

The WD90C20A has software adjustment of 
HSYNC timings through PR19{7, 1,0). The 
WD90C20A and WD90C22 have the same 
timings for these signals. 

DIFFERENCES BETWEEN WD90C20 AND WD90C20A 

PR19(7) PR19(1) PR19(O) NUMBER OF 
VClKDElAY 

0 0 0 No Delay 
0 0 1 1 
0 1 0 2 
0 1 1 3 
1 0 0 4 
1 0 1 5 
1 1 0 6 
1 1 1 7 

F.2.6 Power Management Enhancement 

The WD90C20A dot clock dithering logic is 
stopped whenever the on-chip hardware dithering 
in not required. This can reduce the power dis
sipation by as much as 100mW. 

The panel display data, VUD[3:0) and VLD[3:0), 
are set to logic low during reset or any of the 
powerdown modes to avoid potential current 
drain. 

~3 PERFORMANCE ENHANCEMENTS 
FOR WD90C20A 

F.3.1 DAC Improvements 

The WD90C20A's improved RAMDAC was 
redesigned to do the following: 

• reduce power dissipation 
• reduce overshoot and undershoot noise 
• reduce ampflier gain error 
• improve linearity 
• increase yield 

RSET requires a new value resistor, which reduces 
both power dissipation and ampflier gain. 

The new WD90C20A DAC specifications are in 
the table on the next page. 
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DIFFERENCES BETWEEN WD90C20 AND WD90C20A WD90C20IWD90C20A 

AC CHARACTERISTICS 
Parameter Min Typ Max Units 

Analog output capacitance 80 pF 

DAC switching speed 50 MHz 

Output setting time (to ± 1/4 LSB) 20 ns 

Rise/fall time 3 ns 

DC CHARACTERISTICS 
Resolution 6 6 6 bits 

Accuracy (each DAC) 
Integral non-linearity (INL) ±1/2 LSB 
Differential non-linearity (DNL) ±1/2 LSB 
Gray scale error ±5 % full scale 
Monotonicity guaranteed 

LSB current 
37.5 ohm load 296 J.IA 
50 ohm load 222 J.IA 

Full scale current (each DAC) 
37.5 ohm load 18.67 mA 
50 ohm load 14 mA 

RSET 
37.5 ohm load 4320±1% ohm 
50 ohm load 5760±1% ohm 

DAC to DAC matching 5 % 

PTOTAL (all three DACs) mW 
37.5 ohm load 230 

RECOMMENDED OPERATING CONDITIONS 
Power Supply AVDD 4.5 5.0 5.5 volts 

Pixel clock frequency f 50 MHz 

Ambient temperature TA 0 70 degrees C 

TABLE F·1. WD90C20A RAMDAC SPECIFICATIONS 

I 63 x 1.036 x VREF 
FULL SCALE = R 

SET 

• 
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WD90C20IWD90C20A DIFFERENCES BETWEEN WD90C20 AND WD90C20A 

F.4 WD90C20A DC SPECIFICATIONS 

Below are the updated WD90C20A DC specifica
tions. 

OUTPUT CAPACITANCE LOADING 

SIGNAL TRISTATE (YIN) MIN 

MEMCS16 Yes 

OICHRDY Yes 

EBROM No 

IRQ Yes 

HBDIR No 

LBDIR No 

MA(7:0) Yes 40 pF 

RAS10 Yes 40pF 

RAS32 Yes 40pF 

WEO Yes 40 pF 

WE1 Yes 40 pF 

WE2 Yes 40 pF 

WE3 Yes 40 pF 

OE10 Yes 40 pF 

OE32 Yes 40pF 

WPLT No 

RPLT No 

VUD(0:3) Yes 20pF 

VLD{O:3) Yes 20pF 

FR Yes 

FP Yes 

LP Yes 

XSCLK No 

PCLK No 

WGTCLK No 

LCD No 

SD{15:0) Yes 

MD(15:0) Yes 

CAS10 Yes 40 pF 

CAS32 Yes 40 pF 

VCLK1 ---
VCLK2 ---

TABLE F·2. WD90C20A DC SPECIFICATIONS 
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INTRODUCTION 

1.0 INTRODUCTION 
1.1 DESCRIPTION 

This data sheet describes the WD90C22 video 
controller. The WD90C22 is a VGA display con
troller that has been optimized for applications 
that require flat panel display support. It is an ex
tension of the WD90COO and as such supports all 
of the WD90COO's features and modes when driv
ing a standard CRT. The WD90C22's highly in
tegrated design includes a complete Micro Chan
nel or AT compatible bus interface, as well as an 
on-chip PS/2 compatible RAMDAC with integral 
monitor detection logic. The controller's 1.25 
micron CMOS construction and power manage
ment features significantly reduce the P9wer re
quired for the display subsystem. 

Flat panel displays supported include all 640 by 
480 monochrome and color liquid crystal displays 
(LCD), as well as plasma displays. 

WD90C22 

1.2 FEATURES 

• On-chip Micro Channel interface 
• On-chip 8- or 16-bit AT bus interface 
• Direct interface with CRT and flat panel 

displays (monochrome and color TFT 
LCDs) 

• On-chip frame rate modulation logic 
• Supports all functions of WD90COO VGA 

chip in CRT mode 
• 64-shade gray scale mapping 
• Software-selectable vertical screen 

centering 
• Hardware vertical expansion' 
• On-chip PS/2 compatible RAMDAC' 
• On-chip monitor detection logic 
• 32 MHz maximum LCD video clock 
• 45 MHz maximum CRT video clock 
• Flexible powerdown management 

features' 
• Vcc may be removed in powered system 
• 256 out of 4K or 256K color support for 

DTSN color LCD 
8 or 512 color support for TFT color LCD 

• Four powerdown modes 

, Patent pending 
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2.0 THEORY OF OPERATION 
The WD90C22 contains six major functional 
modules. In addition to the CRT controller, there is 
a sequencer, a graphics controller, an attribute 
controller, a flat panel interface, and a RAMDAC. 
The WD90C22 handles all display buffer manage
ment functions, including display refresh cycles, 
memory refresh cycles, and the arbitration and 
sequencing of host access cycles. 

• Sequencer 
The sequencer provides the display memory con
trol signals and timing. It also provides the 
synchronization between the CRT controller and 
the attribute controller. The sequencer controls 
the arbitration between the CPU cycle and the 
CRT cycle, or the CPU cycle and the memory 
refresh cycle. 

• Graphics Controller 
The graphics controller manages data flow be
tween video memory and the attribute controller 
during active display (non-blanked) periods. It 
also controls system microprocessor reads from 
and writes to the video memory, using the time 
slots defined by the sequencer. 

• Attribute Controller 
The attribute controller modifies the CRT display 
data stream in graphics and character modes. It 
controls display attributes such as blinking, under
lining, cursor, scrolling, reverse video (as well as 
background or foreground video) in VGA and en
hanced VGA BIOS modes. 

• Flat Panel Adapter 
The flat panel adapter section includes color-to
gray scale mapping', a dithering mapping RAM, a 
dithering engine, a row buffer', shading control', 
and panel interface logic. 
, Patent pending. 

• RAMDAC 
The WD90C22's on-board RAMDAC is a low 
power, PS/2-compatible device with special 
power-down modes and PS/2 monitor detection 
logic. 

The RAMDAC's 256 by 18 color look-up table has 
triple 6-bit D/A converters, a pixel mask register, 
and composite blank generation on the three 
channels. It also supports the use of an external 
voltage reference. Without external buffering the 
RAMDAC will generate RS-343A-compatible 

THEORY OF OPERATION 

video signals into a doubly terminated 75 Ohm 
load or a 50 Ohm load. Integral and differential 
linearity errors are a maximum of ± 1/2 LSB. 

2.1 WD90C22 INTERFACES 

The WD90C22 has five main system interfaces: 
the CPU, a display memory, a RAMDAC/CRT, a 
clock, and a flat panel display. In most implemen
tations, these interfaces eliminate the need for 
glue logic. 

• CPU Interface 
The WD90C22 host interface supports both the 
AT and Micro Channel buses with both 8- and 
16-bit data path widths. The WD90C22 may also 
be directly connected to the bus if drive require
ments permit. The bus mode is determined by 
the status of the configuration register bit, CNF(2), 
which is loaded by the de-assertion of reset. The 
value that is loaded reflects the status of one of 
the memory data pins at reset. 

I/O transfers to and from the device are 8 bits 
wide, and display memory transfers are 8 or 16 
bits wide, depending on the video mode selected. 
Because of their architecture, EGA type planar 
modes are restricted to 8-bit display data trans
fers. Text and 256 color extended modes allow 
16-bit transfers on a 16-bit bus. 

The controller generates wait states as required 
during display memory accesses. Wait states are 
not generated for I/O or video BIOS ROM acces
ses. Special I/O ports, such as 46E8H (when in 
AT bus mode) for setup, and 102H for VGA 
enable, are internally implemented. 
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• Display Memory Interface 
The WD90C22 generates all signals and memory 
timing required to operate the display memory. It 
directly controls three display memory sizes, 256 
Kbyte, 512 Kbyte, and 1 Mbyte, as follows: 

MEMORY NUMBER AND TYPE OF 
SIZE DRAM REQUIRED 

256 Kbytes 8 64 Kbyte by 4 DRAMs, or 
2 64 Kbyte by 16 DRAMs 

512 Kbytes 16 64 Kbyte by 4 DRAMs*, or 
464 Kbyte by 16 DRAMs 

1 Mbyte* 864 Kbyte by 16 DRAMs, or 
8256 Kbyte by 4 DRAMs 

* Requires minimal support logic. 

Page mode memories are required for all con
figurations. With a 36 MHz memory clock 
(MCLK), 120 ns devices may be used. If 256 
color CRT modes are to be supported, 100 ns 
DRAMs and a 45 MHz MCLK are required. The 
WD90C22 includes special offset registers that 
allow the host to address up to 1 Mbyte of display 
memory. 

• CRTfRAMDAC Interface 
In addition to its internal RAMDAC, the WD90C22 
allows the use of an external RAMDAC. This is 
helpful in specialized applications where a 24-bit 
wide color lookup table or pixel demultiplexing (to 
obtain higher video rates) is required. The exter
nal RAMDAC interface will support any 
Bt471 14781476 compatible device. 

• Clock Interface 
The WD90C22 has four clock input signal pins. 
Three of these (VCLKO, VCLK1, and VCLK2) are 
normally connected to oscillators. VCLK1 and 
VCLK2 may be configured to control an external 
clock multiplexor or clock generator, such as the 
WD90C61. In this configuration, VCLKO becomes 
the clock input while VCLK1 and VCLK2 become 
outputs used to drive the multiplexor select inputs. 

The memory clock input, MCLK, is used by the 
internal logic to generate all memory timing and 
may be up to 36 MHz for 120 ns DRAMs or 45 
MHz for 100 ns DRAMs. 

THEORY OF OPERATION 

• Flat Panel Interface 
The WD90C22 is designed to interface with 640 
by 480 LCD or Plasma panels. The flat panel 
interface lines change function to support the 
specific panel type chosen. Table 2-1 sum
marizes their use for each mode of operation. 

When in LCD mode, with frame rate modulation 
selected, the controller supplies eight pixels per 
shift clock (four for the upper panel, and four for 
the lower). If pulse width modulation is selected, 
the controller provides two pixels per shift clock 
(one 4-bit pixel for the upper screen, and one 4-bit 
pixel for the lower screen). 

When in Plasma mode, pulse width modulation is 
used to provide shading, while the controller sup
plies one pixel (four bits per pixel) per clock. 

When in color STN LCD mode, the controller sup
plies two pixels per shift clock and uses hardware 
dithering. Each pixel (three bits, one each for R, 
G, and B), with dithering, provides 16 colors. The 
user can select: 256 out of 4K or 256K colors 

LCD PLASMA CRT 

UD (3:0) VD (3:0) P (7:4) 

LD (3:0) Reserved P (3:0) 

FR Reserved BLANK 

FP VS VSYNC 

LP HS HSYNC 

XSCLK XSCLK Reserved 

WGTCLK ENABLE Reserved 

Reserved Reserved PCLK 

TABLE 2-1. DISPLAY INTERFACE OUTPUT 
FUNCTIONS 
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MONOCHROME COLOR LCD 
LCD WD90C22 

UD (3) R1 

UD (2) G1 

UD (1) B1 

UD (0) Border Information 

LD (3) R2 

LD (2) G2 

LD (1) B2 

LD (0) ReseNed 

TABLE 2·2. LCD DATA BIT ASSIGNMENTS 

• Power Up Configuration 
An internal 8-bit configuration register, CNF, con
trols the behavior of the major interfaces. Its bits 
are loaded with the inverted state of memory data 
lines 0 through 7 at the time RESET is deas
serted. Pull-up or pull-down resistors on the MD 
lines are used to set the configuration. 

ADVANCED INFORMATION 11120191 
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3.0 FLAT PANEL SUPPORT CONSIDERATIONS 
Supporting VGA compatible graphics on flat panel 
displays involves several non-trivial issues, in
cluding: 

• Display Timing Differences 
• Screen Size Mapping 
• Color-to-Gray Scale Mapping 
• Shading Mechanics 
• Split Screen Refresh 

The following paragraphs address each of these 
issues. 

• Display Timing Differences 
Typically, flat panel displays have different timing 
requirements from a CRT. To overcome this prob
lem, the WD90C22 provides a set of hidden dis
play timing registers, which are read/write 
protected in locked mode. 

• Screen Size Mapping 
Unlike those of a CRT, the pixels on a flat panel 
display are real, discrete entities of a fixed size. 
This can result in problems when different display 
modes are mapped onto a single panel. The 
WD90C22 has been designed to support VGA 
and various backward compatible display modes 
on a 640 by 480 dot flat panel and it provides 
integral hardware support to deal with screen size 
incompatibilities. 

"'" 
640 .. 

"'" t }'/):ii' 

In case of backward compatible display modes, 
such as EGA, which has a maximum resolution of 
640 by 350, the vertical resolution of the mode is 
less than the number of dots of vertical resolution 
of the panel. This results in an active display area 
that is smaller than that of the panel and shifted 
up on the display, as shown in Figure 3-1 (A). 
There are two ways to enhance screen size map
ping as described below. 

The simplest approach, supported by the 
WD90C22 is to keep the vertical resolution of the 
display mode constant but center the active dis
play area vertically on the panel. In the case of 
an EGA 350 line mode being displayed on a 480 
line panel, this would involve shifting the active 
display area down 65 lines (that is, 480 minus 
350, the quantity divided by two). The effect of 
such a mapping is shown in Figure 3-1 (8). 

If the goal is to have the active display area fill the 
panel in all modes, then the active display area 
can be expanded by double scanning a portion of 
the active scan lines. Previously available con
trollers simply double scan lines at regular inter
vals, every third line in the case of EGA 350 line 
modes. 

The WD90C22 uses an advanced proprietary al
gorithm that automatically expands to fill all 480 
lines*. This algorithm can be used to support 
better "screen scrolling" when in 350 line modes. 

* Patent pending on Hardware Vertical Expansion. 

640 .. 
"'" 

640 ,. 
\? I I I 350 Active Area t Active Area Active Area 

t 480 350 480 480 

~ t ~ ~ L,,::': i'i"':'", 

A. No Centering or Expansion B. Vertical Centering C. Vertical Expansion 

FIGURE 3-1. EXAMPLE OF SCREEN SIZE MAPPING 
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Under certain display conditions, any expansion 
scheme can result in undesirable aliasing effects 
of the displayed data. For this reason the 
W090C22 allows the system designer flexibility to 
choose between vertical expansion or centering. 

Horizontal resolution issues involve 720 dot 
modes such as VGA text and Hercules graphics. 
In VGA text mode, the 9th dot in each character 
box is dropped. The net effect is a slight com
pression in the spacing between characters. Alter
natively, a different font may be loaded, although 
a nonstandard font size may not be fully com
patible. 

• Color-to-Gray Scale Mapping 
The VGA standard defines how colors are 
mapped to 64 gray scale values on monochrome 
monitors. The mapping is based on the following 
RGB weighting equation: 

1= .30R + .59G + .11B 

Unfortunately, many of the currently available 
panels support at most sixteen shades and some 
only support two. In order to provide faithful sup
port of all of the standard VGA modes on a flat 
panel, the W090C22 provides a range of features 
to map colors to intensities and control panel 
shading. Foremost among these is sophisticated 
logic that converts gray scale values into dithering 
patterns. Additionally, the device allows software 
modification of the weighting values used in the 
gray scale mapping equation. Figure 3-2 gives an 
overview of the color-to-gray scale support 
provided by the W090C22. 

WD90C22 

• Shading Mechanics 
The W090C22 supports shading via either frame 
rate or pulse width modulation. Pulse width 
modulation is handled via the display panel. The 
controller transfers 2, 3, or 4 bits per pixel to the 
driver logic on the panel, along with a high speed 
clock signal used to sequence the shading logic. 
Frame rate modulation, on the other hand, must 
be implemented in the display controller. The 
W090C22 provides support for 2, 4, 8, 16, or 32 
shade frame rate modulation with its integrated 
dithering controller. Any combination of dithering 
patterns can be selected via the dithering control
ler's mapping RAM. This design allows the 
W090C22 to provide flicker-free frame rate 
modulation with frame rates as low as 70 Hz. 

• Split Screen Refresh 
The W090C22 provides complete support for 
panels that are split into upper and lower panels 
requiring simultaneous refresh. Thi~ type <;>f 
refresh is typically used by non-active matnx 
LCOs and plasma panels. 

ADVANCED INFORMATION 11120/91 15-7 
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SIGNAL DESCRIPTION WD90C22 

4.0 SIGNAL DESCRIPTION 
Figure 4-1 illustrates the 132 plastic flat pack 
(PFP). 

Table 4-1 lists all pins referenced in Figure 4-1 
and provides a detailed description of each signal. 

17 15 10 5 127 122 117 

18 116 

U 114 

23 

109 

28 

104 

33 WD90C22 
99 

38 

94 

43 

89 

48 

50 84 

51 56 61 66 71 76 81 83 

FIGURE 4-1. 132-PIN PFP (TOP VIEW) 
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WD90C22 SIGNAL DESCRIPTION 

PIN MNEMONIC 110 DESCRIPTION 

POWER ON 

42 RESET I Reset 
This signal input will reset the WD90C22. MCLK and VCLKO 
should be connected to the WD90C22 in order for the WD90C22 
to initialize during reset. WD imaging registers, PR1 and CNF, 
are initialized at power-up reset based on the logic level on the 
MD15-0 bus as determined by pull-up/ pull-down resistors. The 
reset pulse width should be at least ten MCLK clock periods. 

CLOCK SELECTION 

96 VCLK2 I/O Video Clock 2 
This pin can be a third video display clock input or an output to the 
external clock selection module. Pin direction is programmed 
simultaneously with that of VCLK1. It acts as either a user-defined 
external clock input, or as an output reflecting the content of bit 
PR2(1) if CNF (3) is set to 1. Refer to the Configuration Register 
description. MCLK should be greater than or equal to selected 
VCLK. 

97 VCLK1 I/O Video Clock 1 
This pin can be a second video display clock input or an output to 
the external clock selection module. Pin direction is determined on 
reset by a pull-up/down resistor on pin MD3. A VCLK1 input fre-
quency of 28.322 MHz is used to display 720 pixels per horizontal 
line. When it is an output, VCLK1 is an active low pulse during I/O 
writes to port 3C2H. Refer to the Configuration Register descrip-
tion. MCLK should be~eater than or equal to selected VCLK. 

98 MCLK I Memory Clock 
This clock signal determines the VGA graphics mode video DRAM 
read/write access timing as well as system micro-processor I/O 
and memory timing. MCLK should be approximately 36 MHz for 
120 ns DRAMS, and 45.0 MHz for 100 ns DRAMS. 

99 VCLKO I Video Clock 0 
This input is the video display clock for alphanumeric and graphics 
display modes. Typically, VCLKO is 25.175 MHz to display 640 
pixels per horizontal display line. MCLK should be greater than or 
equal to VCLKO. The Miscellaneous Output Register bits 2 and 3, 
both set to 0, will select this clock if VCLK1 and VCLK2 are used 
as inputs. 

HOST INTERFACE 

1 - 2 SA15 - SA16 I Address Bus (SA 16-SAO) 
117 -122 SAO - SA5 These active high inputs form the lower order 17 bits of video 
124 -132 SA6 - SA14 memory address. These inputs are directly connected to the sys-

tem bus. 

TABLE 4-1. SIGNAL DESCRIPTION 
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PIN MNEMONIC 1/0 DESCRIPTION 

HOST INTERFACE 

3-5 LA17 -LA19 I Unlatched Address Bus (LA19 -LA17) 
These active high inputs form the high-order three bits of video 
memory address. These addresses are not decoded during I/O 
accesses in AT or Micro Channel modes. These inputs are directly 
connected to the system bus. 

6 SBHE I System Byte High Enable 
If SAO is "0", this signal is used to enable 16-bit data transfer 
mode when SBHE is "0". With SAO, this signal is also used to 
select hiqh byte data (SDf15:81) or low byte data (SDf7:01). 

7 ENMEM I Enable Memory 
This line is driven by external decode logic. In AT mode, this sig-
nal is decoded by LA23 - LA20 and REFRESH. In Micro Channel 
mode, this signal is decoded by LA23 - LA20 and MADE24 ("1" = 
enable). 

8 EI0/3C3DO I Enable 1/0 
In AT mode, this active low signal is used to enable 1/0 address 
decoding and is connected directly to the system bus signal AEN 
(address enable). In Micro Channel mode, this line is from 1/0 port 
3C3 bit 0, and enables video subsystem memory and 1/0 address 
decoding ("1" = enable). 

11 ALE I ALE 
CDSETUP In AT mode, this line is ALE; in Micro Channel mode, it is driven by 

the host to individually select channel connector slots during sys-
tem confiquration and error recovery procedures. 

12 IRQI IRQ 0 Interrupt Request 
Programmable processor interrupt request. It is enabled via Bit 5 
in the Vertical Retrace End register. It is active high in AT mode 
and active low in Micro Channel mode. When the end of the verti-
cal display occurs, this signal goes active, causing an interrupt. It 
will stay latched until CRTC11 Bit 4 clears it. In an AT system IRQ 
is not connected, although you may connect it if you desire. IRQ9 
is used to generate an interrupt in Micro Channel mode. For fur-
ther details, see the reference literature. 

13 EBROM 0 Enable BIOS ROM 
CDSFDBK In AT mode, this is an active low signal to enable BIOS ROM 

(COOOOH - C7FFFH) if enabled by PR1 (0). It is not active for ac-
cess to addresses in the range C60000H-C67FFH, but this ad-
dress range may be mapped-in by setting PR17 (0) = o. A write to 
the WD90C22 internal 1/0 port address, 46E8H, causes this signal 
to be used as a write strobe for an external register used in BIOS 
ROM page mapping. In Micro Channel mode, this signal is used 
as Card Selected Feedback to provide positive acknowledgement 
of its presence at the addresses specified by the host. 

TABLE 4-1. SIGNAL DESCRIPTION (CONTINUED) 

ADVANCED INFORMATION 11/20191 15-11 



WD90C22 SIGNAL DESCRIPTION 

PIN MNEMONIC 1/0 DESCRIPTION 

14 MEMCS161 0 Memory Chip Select 16 Bits 
CDDS16 In AT mode, this line is used to respond to the host to enable a 16-

bit video memory data transfer. In Micro Channel mode, this line 
provides CDDS16 for 16-bitvideo memory or lID access. 

15 10CHRDYI 0 Ready 
CDCHRDY An active high output which signals to the system processor that a 

memory access is complete. This signal is used only to add wait 
states to the bus cycles during video memory accesses. It is 
pulled inactive by the WD90C22 to allow additional time to com-
plete a bus operation. This signal is not generated on lID cycles 
and accesses to the BIOS ROM. For further details, refer to the ref-
erence literature. 

16 HBDIR 0 High Byte Direction 
This line is used to control the data direction of an external high 
byte data buffer if the external data buffer is necessary for the im-
plementation. This line will be driven "LOW" only in memory 
READ or lID READ cycles. 

1? LBDIR 0 Low Byte Direction 
This line is used to control the data direction of an external low 
byte data buffer if the external data buffer is necessary for the im-
plementation. This line will be driven "LOW" only in memory 
READ or I/O READ cycles. 

19 - 26 SD15 - SD8 lID Data Bus (SD15 - SDO) 
29 - 36 SD? - SDO These bidirectional signals may either be connected directly to a 

local data bus requiring less than 8 mao of sourcelsink, or may be 
connected through two external bus buffers. 

38 MEMRI I Memory Read 
MIlO In AT mode, this signal is called SMEMR and is an active low 

memory read strobe. It is asserted in 8-/16-bit memory read 
cycles. In Micro Channel mode, the signal is called MIlO. It distin-
guishes between memory and lID cycles. When (MIlO) is high, a 
memory cycle is in process. A low on (MIlO) shows that an lID 
cycle is in process. For further details, refer to the reference litera-
ture. 

39 MEMWI I Memory Write 
SO The active low memory write strobe in AT mode for 8-/16-bit data 

transfers. In Micro Channel mode, it becomes SO and is the chan-
nel status signal which indicates the start and type of a channel 
cycle. Along with the Sl, MIlO and CMD signals, it is decoded to 
interpret lID and memory commands. For further details, refer to 
the reference literature. 

TABLE 4-1. SIGNAL DESCRIPTION (CONTINUED) 
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PIN MNEMONIC 1/0 DESCRIPTION 

43 REFRESH I Refresh 
This active low input pin is connected to the system REFRESH sig-
nal from the 1/0 bus. 

40 10RI S1 I 1/0 Read 
Active low 1/0 read strobe in AT mode. It is asserted in 8-/16-bit 
I/O read bus cycles. S1 is the alternate mnemonic used in Micro 
Channel mode to indicate the start and type of a channel cycle. 
For further details refer to the reference literature. 

41 10W/ I 1/0 Write 
CMD Active low strobe. In AT mode, the strobe signals an I/O write for 8-

/16-bit I/O write cycles. In Micro Channel mode it is synonymous 
with CMD; address bus validity is signaled by CMD going low 
while the rising edge of CMD indicates the end of a Micro Channel 
bus cycle. For further details, refer to the reference literature. 

DISPLAY MEMORY INTERFACE 

45 -52 MAO -MA7 0 Memory Address (MAO - MAS) 
55 MA8 Display memory DRAM address. 

56 RAS10 0 Row Address Strobe 
Active low MemolY Ma~s 1 and 0 RAS output siQnal. 

57 RAS32 0 Row Address Strobe 
Active low Memory Maps 3 and 2 RAS output signal. 

58 CAS10 0 Column Address Strobe 
Active low Memory Maps 1 and 0 CAS output signal. 

59 CAS32 0 Column Address Strobe 
Active low Memory Maps 3 and 2 CAS output signal. 

60 WEO 0 Write Enable 
Active low Memory Map 0 DRAM write enable signal. 

61 WE1 0 Write Enable 
Active low Memory Map 1 DRAM write enable signal. 

62 WE2 0 Write Enable 
Active low, Memory Map 2 write enable signal. 

63 WE3 0 Write Enable 
Active low, Memory Map 3 write enable signal. 

64 OE10 0 Output Enable 
Active low, Memory Maps 1 and 0 output enable signal. 

65 OE32 0 Output Enable 
Active low, Memory Maps 3 and 2 output enable signal. 

68-75 MD15 - MD8 I/O Data Lines 
77-84 MD7- MDO Lines MD15 through MDO are the data bus to the video display 

DRAMS. Data lines MDO through MD15 are pulled up or down 
with resistors to provide setup information on power-up (reset) as 
shown in Table 4-2. 

TABLE 4-1. SIGNAL DESCRIPTION (CONTINUED) • 
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WD90C22 SIGNAL DESCRIPTION 

PIN MNEMONIC I/O DESCRIPTION 

MISCELLANEOUS 

44 PWRDN I Power Down Selected 
This active low input signal is used to disable screen refresh cycle. 

110 LCD/CRT a LCD or CRT Selected 
This active high output is used to power down an external RAM-
DAC chip whenever the WD90C22 operates in LCD mode. "1" is 
CRT mode, and "0" is LCD mode. 

DISPLAY INTERFACE' 

86 PCLK a Pixel Clock 
This line is used to clock the video outputs into a RAMDAC in a 
CRT interface. 

87 XSCLK a Shift Clock 
In an LCD interface, this signal is used to shift the upper and lower 
panel's data into the X-driver. In a Plasma interface, this signal is 
also used as shift clock. 

88 WGTCLK a Weight Control Clock 
In an LCD interface, this signal is required to generate a gray 
scale in panels using pulse width modulation. In a Plasma inter-
face, it is an "ENABLE VIDEO" si!:mal. 

89 LP/HSVNC a Latch Pulse 
In an LCD interface, this signal is used to latch all the data in the 
current scan line. In either a Plasma or a CRT interface, this sig-
nal is used for horizontal sync. 

90 FPIVSVNC a Frame Pulse 
This signal is used to indicate the start of scanning to the V-driver 
in an LCD interface. In either a Plasma or a CRT interface, this 
signal is used for vertical sync. 

91 FR/BLANK a Frame Control 
In an LCD interface, it is an AC signal which is toggled every 
frame. In a CRT interface, it is the BLANK signal. Some panels 
call this signal "M." 

103 -100 L03 - LDO a Lower Panel Data Bit 3 to Bit 0 
In an LCD interface, these signals are used for the lower panel 
data bus. In a Plasma interface, they are reserved. In a CRT inter-
face, they are the lower four bits pixel video outputs to the RAM-
DAC. 

107 -104 UD3 - UDO a Upper Panel Data Bit 3 to Bit 0 
In an LCD interface, these signals are used for the upper panel 
data bus. In a Plasma interface, they provide the pure 4-bit video 
data interface. In a CRT interface, they are the upper four bits 
pixel video outputs to the RAMDAC. 

TABLE 4-1. SIGNAL DESCRIPTION (CONTINUED) 

'The display interface functions are redefined for 
each display mode - see Table 2-1 on page 4 for 
details. 
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PIN MNEMONIC I/O DESCRIPTION 

RAMDAC INTERFACE 

92 RPLT / 0 Read Palette 
Video DAC register and color palette read signal. Active low during 
an I/O read of addresses 3C6H, 3C8H, and 3C9H. This line is ac-
tive in both internal and external RAMDAC configurations. 

VD9 Video Data Bit 9 
In color TFT mode this is the ninth data bit of the LCD interface. 

93 WPLT 0 Write Palette 
Video DAC register and color palette write signal. Active low 
during an 1/0 write to addresses 3C6H-3C9H. This line is active in 
both internal and external RAMDAC configurations. 

111 VREF I Voltage Reference Input 
An external voltage reference of 1.2V is connected to this input 
for normal operation of the internal RAMDAC. Grounding this pin 
changes the function of pin 112 and disables the internal RAM-
DAC so that the WD90C22 can be used with an external RAM-
DAC. 

112 MDETECTI I Monitor Detect 
When pin 111 is grounded, this pin is used as a monitor detect 
input. The result of this input is read from 3C2H Bit 4. 

FSADJUST Full Scale Adjust 
A resistor (RSET) on this pin sets the full scale output current of 
the RED, GREEN, and BLUE DAC's. 

114 BLUE 0 Blue Current Output 
High impedance current source can directly drive a doubly-ter-
minated 75-ohm coaxial cable. 

115 GREEN 0 Green Current Output 
High impedance current source can directly drive a doubly-ter-
minated 75-ohm coaxial cable. 

116 RED 0 Red Current Output 
High impedance current source can directly drive a doubly-ter-
minated 75-ohm coaxial cable. 

POWER AND GROUND 

9,28,53, Vcc - Power 
67,94 
10,18, GND - Ground 
27,37,54, 
66,76,85, 
95 
123 AVcc - + 5VDC - ANALOG (See Figure 4-2) 
113 AGND - Ground - ANALOG (See FiQure 4-2) 

108 RVcc - RAMDAC power (See Figure 4-2) 
RGND - RAMDAC ground (See Figure 4-2) 

TABLE 4-1. SIGNAL DESCRIPTION (CONTINUED) 
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WD90C22 

Pin Pullup/Pulldown Type 

SO [15:0] PU 
LA[19:17] 
SA [1S:0] PO 
MEMEN PO 

PU = 1 OOK Ohm Nominal, PO = 200K Ohm Nominal 

MEMORY POWER-UP DATA STORED AT 
DATA LINE FUNCTION NAME 

MD15 EGA SW4 / LCD Select* PR11 (7)** 
MD14 EGASW3 PR11 (S)** 
MD13 EGASW2 PR11 (5)** 
MD12 EGASW1 PR11 (4)** 
MD11 ANALOGfTTL Display PR5(3}** 
MD10 - -
MD9 Panel Select Bit 1 PR18(1}** 
MD8 Panel Select Bit 0 PR18(0}** 
MD7 General Purpos"e PR5(7}*** 
MDS General Purpose PR5(S}*** 
MD5 General Purpose PR5(5}*** 
MD4 General Purpose PR5(4}*** 
MD3 VCLK1 ,2 (I/O) None** 
MD2 AT/Micro Channel Mode None** 
MD1 - PR1(1}*** 
MOO BIOS ROM Mapping PR1 (O}*** 

TABLE 4-2. PR REGISTER FUNCTIONS 

NOTES: 
Data lines MOO - MD15 are pulled up or down with resistors to provide setup information 
on power-up (reset) as shown above. 

* PR11 (7) = 0 : mono LCD, PR11 (7) = 1 : color LCD. 
** Pullup resistor sets these bits to logic 1. 
*** Pulldown resistor sets these bits to logic 1. 
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3?5.2A.7 
3?5.2A.S 
3?5.2A.5 
3?5.2A.4 
3CF.0F.3 

-
3?5.31.1 
3?5.31.0 
3CF.0F.7 
3CF.OF.6 
3CF.0F.5 
3CF.0F.4 

-
-

3CF.OB.1 
3CF.OB.0 



SIGNAL DESCRIPTION WD90C22 

+5V 

L2 

L1 
D2 

108 
RAMDAC D~ital 

Vee ee C3 

WD90C22 
C1 VREF 

Analog RAMDAC Digital 
Gnd Gnd Gnd 

D1 

FIGURE 4-2. POWER DISTRIBUTION FOR WP90C22 

COMPONENT RECOMMENDED SUGGESTED PART NUMBER/ 
COMPONENT VALUE COMMENTS 

C1 0.1 UF Reduces noise in analog portion of chip. 

C2 0.1 UF Stablizes VREF voltage. 

C3 5 by 0.1 UF Reduces noise to the VGA core. 
One each for Pins 9, 28, 
53,67,94 

C4 22 UF Bulk decoupling. 

D1 LM385 1.2 volt voltage reference. 

D2 MBR150 Reduces voltage to digital portion of chip (40-50 
(MBRL040-SMT) mA reduction in current) 
MBR160, or 2 1 N5817s 
in series 

L1 TDK CB70-453215 Provides noise immunity to analog portions of 
FERRITE BEAD WD90C22. 

L2 TDK CB70-453215 Provides noise immunity to RAMDAC. No decou-
FERRITE BEAD piing capacitor is to be used at Pin 108. 

TABLE 4-3. RECOMMENDED COMPONENT VALUE 
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5.0 WD90C22 REGISTERS 
All standard IBM registers incorporated in the 
WD90C22 are functionally equivalent to the VGA 
implementation, while additional PR registers en
hance the video subsystem. Compatibility 
registers provide functional equivalence for AT&T, 

Hercules, MDA, and CGA standards using the 
6845 CRT Controller. This section describes the 
VGA registers (and the differences between VGA 
and EGA), as well as the PR registers. 

5.1 VGA REGISTERS SUMMARY 

REGISTERS RW MONO COLOR EITHER 

GENERAL REGISTERS 

Miscellaneous Output Reg W 3C2 
R 3CC 

Input Status Reg 0 RO 3C2 
Input Status Reg 1 RO 3BA 3DA 
Feature Control Reg W 3BA 3DA 

R 3CA 
·Video Subsystem Enable RW 3C3 

NOTE: 
·Video Subsystem Enable 
Register 3C3H needs to be 
implemented externally in a 
Micro Channel configuration. 

SEQUENCER REGISTERS 

Sequencer Index Reg RW 3C4 
Sequencer Data Reg RW 3C5 

CRT CONTROLLER REGISTERS 

Index Reg RW 3B4 304 
CRT Controller Data Reg RW 3B5 305 

GRAPHICS CONTROLLER REGISTERS 

Index Reg RW 3CE 
Other Graphics Reg RW 3CF 

ATTRIBUTE CONTROLLER REGISTERS 

Index Reg RW 3CO 
Attribute Controller Data Reg W 3CO 

R 3C1 

VIDEO DAC PALETTE REGISTERS 

Write Address RW 3C8 
Red Address W 3C7 
DAC State R 3C7 
Data RW 3C9 
Pel Mask RW 3C6 

TABLE 5-1. VGA REGISTERS SUMMARY 
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5.2 COMPATIBILITY REGISTERS 

FUNCTIONS RW1 MDA2 CGA2 AT&T2 HERCULES2 

Mode Control Reg WO 388 308 308 388 

Color Select Reg WO 309 309 

Status Reg RO 38A 30A 30A 38A 

Preset Light Pen Latch WO 389 30C 30C 

Clear Light Pen Latch WO 388 308 308 

AT&T/M24 Reg WO 30E 

Hercules Reg WO 38F 

CRTC3 RW 380-387 300-307 300-307 380-387 

TABLE 5-2. COMPATIBILITY REGISTERS SUMMARY 

NOTES: 

1. RO = Read-Only, WO = Write-Only, RW = Read/Write. 
2. All Register addresses are in hex. 
3. 6845 Mode Registers. 
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5.3 VGA REGISTERS 

This section describes the VGA registers. 

5.4 GENERAL REGISTERS 

NAME READ WRITE 
PORT PORT 

Miscellaneous Output 3CC 3C2 

Input Status Register 0 3C2 ---
Input Status Register 1 3?A ---
Feature Control 3CA 3?A 

NOTES: 
1. Reserved bits should be set to zero. 
2. "?" Value is controlled by Bit 0 of the Miscel

laneous Output Register and is programmed 
as shown below: 

o = B in Monochrome Modes 
1 = D in Color Modes 

5.4.1 Miscellaneous Output Register, 
Read Port = 3CC, Write Port = 3C2 

BIT FUNCTION 

7 Vertical Sync Polarity Select 

6 Horizontal Sync Polarity Select 

5 Odd/Even Memory Page Select 

4 Reserved 

3 Clock Select 1 

2 Clock Select 0 

1 Enable Video RAM 

0 I/O Address Select 

WD90C22 REGISTERS 

Bit 7 * 
Vertical Sync Polarity Selection. 
o = Positive vertical sync polarity. 
1 = Negative vertical sync polarity. 

Bit 6 * 
Horizontal Sync Polarity Selection. 
o = Positive horizontal sync polarity. 
1 = Negative horizontal sync polarity. 

* These bits determine the vertical size of the 
vertical frame by the monitor. Their encoding is 
shown below: 

BIT7 BIT6 VERTICAL FRAME 

0 0 Reserved 

0 1 400 lines/scan 

1 0 350 lines/scan 

1 1 480 lines/scan 

Bit 5 

Odd or Even Memory Page Select. 
When in modes 0 through 5, one memory page is 
selected from the two 64 Kbyte pages. 
o = Lower page is selected. 
1 = Upper page is selected. 

Bit 4 

Reserved in VGA. 
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Bit(3:2) Clock Select 1,0. 

BIT 3 BIT2 FUNCTION 

0 0 Selects VCLKO for VGA ap-
plications. Can be connected 
to allow 640 dots/line (25.175 
MHz in CRT mode). 

0 1 Selects VCLK1 for VGA ap-
plications. Can be connected 
to allow 720 dots/line (28.322 
MHz in CRT mode) if Con-
figuration Register bit 3 = o. 

1 0 Selects VCLK2 (external user 
defined input) if Configurgtion 
Register bit 3 = o. 

1 1 Reserved. Also selects 
VCLK2 (external user defined 
input) if Configuration Register 
bit 3 = o. 

Bit 1 

System Processor Video RAM Access Enable. 
o = CPU access disabled. 
1 = CPU access enabled. 

Bit ° 
CRT Controller I/O Address Range Selection. 
Selection for Monochrome (3B4 and 3B5), or 
Color (304 and 305) mode. Bit 0 also maps Input 
Status Register 1 at MDA (3BA) or CGA (3DA). 

o = CRTC and status addresses for MDA mode 
(3BX). 

1 = CRTC and status addresses for CGA mode 
(3DX). 

5.4.2 Input Status Register 0, 
Read Only Port = 3C2 

BIT FUNCTION 

7 CRT Interrupt 

6,5 Reserved 

4 Monitor Detect Bit for Color/ 
Monochrome Display 

3:0 Reserved 

Bit 7 

WD90C22 

CRT Vertical Retrace Interrupt Pending or 
Cleared. 
o = Vertical retrace interrupt cleared. 
1 = Vertical retrace interrupt pending. 

Bit(6:5) 

Reserved in VGA. 

Bit 4 

The DAC output currents, IRED, IGREEN, and ISLUE, 
develop a voltage across the load resistances 
RLD. These voltages are sent to comparitors 
against a voltage derived from the external volt
age reference VREF. The output current is deter
mined by the formula: 

1= codexO.04 x VREF 

RSET 

where the codes range from 0 to 63 (OH to 3FH) 
for a 6-bit DAC. 

The results of the monitor detection circuitry is 
readable at port 3C2H Bit 4. (See Figure B-1) It is 
important that this output signal be read during 
active video ouput, not during retrace or any other 
blanking period. 

Bit(3:0) 

Reserved. 
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5.4.3 Input Status Register 1, 
Read Only Port = 3? A 

BIT 

7,6 

S 

4 

3 

2, 1 

0 

Bit(7:6) 

Reserved. 

Bit(5:4) 

FUNCTION 

Reserved 

Diagnostic 0 

Diagnostic 1 

Vertical Retrace 

Reserved 

Display Enable 

Color Plane Diagnostics. 
These bits allow the processor to set two out of 
eight colors by activating the Attribute Controller's 
Color Plane Enable Register Bits 4 and S. Their 
status is defined in the following table: 

COLOR PLANE INPUT STATUS 
ENABLE REGISTER REGISTER 1 

BITS BIT4 BITS BIT4 

0 0 VID2 VIDO 

0 1 VIDS VID4 

1 0 VID3 VID1 

1 1 VID7 VID6 

Bit 3 

Vertical Retrace Status. 
o = Vertical frame is displayed. 
1 = Vertical retrace is active. 

Bit(2:1 ) 

Reserved. 

WD90C22 REGISTERS 

Bit 0 

Display Enable Status. 
o = CRT screen display in process. 
1 = CRT screen display disabled for horizontal or 

vertical retrace interval. 

5.4.4 Feature Control Register, 
Read Port = 3CA, Write Port = 3?A 

BIT 

7-4 

3 

2-0 

Bits(7:4) 

Reserved 

Bit 3 

FUNCTION 

Reserved 

Vertical Sync Control 

Reserved 

Vertical Sync Control. 
o = Vsync output enabled. 
1 = Vsync output is logical "OR" of Vsync and 

Vertical Display Enable. 

Bit(2:0) 

Reserved. 

5.5 SEQUENCER REGISTERS 

PORT INDEX NAME 

3C4 --- Sequencer Index 

3CS 00 Reset 

3CS 01 Clocking Mode 

3CS 02 Map Mask 

3CS 03 Character Map Select 

3CS 04 Memory Mode 

NOTE: Reserved bits should be set to O. 
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5.5.1 Sequencer Index Register, 
Read/Write Port = 3C4 

BIT 

7-3 

2-0 

Bit(7:3) 

Reserved. 

Bit(2:0) 

FUNCTION 

Reserved 

Sequencer Addressllndex Bits 

Sequencer Addressllndex. 

WD90C22 

5.5.3 Clocking Mode Register, 
Read/Write Port = 3C5, Index = 01 H 

BIT FUNCTION 

7,6 Reserved 

5 Screen Off 

4 Shift 4 

3 Dot Clock 

2 Shift Load if Bit 4 = 0 

1 Reserved 

0 8/9 Dot Clocks 
The Sequencer Address Register is written with 
the index value (00H-04H) of the Sequencer 
register to be accessed. Bit(7:6) 

5.5.2 Reset Register, 
Read/Write Port = 3C5, Index = OOH 

BIT 

7-2 

1 

0 

Bit(7:2) 

Reserved. 

Bit 1 

FUNCTION 

Reserved 

Synchronous Reset 

Asynchronous Reset 

Synchronous Reset. 
o = Sequencer is cleared and halted 

synchronously. 
1 = Operational mode (Bit 0 = 1). 

Bit 0 

Asynchronous Reset. 
o = Sequencer is cleared and halted 

asynchronously. 
1 = Operational mode (Bit 1 = 1). 

Reserved. 

Bit 5 

Screen Off. 
o = Normal screen operation. 
1 = Screen turned off. SYNC signals are active 

and this bit may be used for quick full screen 
updates. 

Bit 4 

Video Serial Shift Register Loading. 
o = Serial shift registers loaded every character 

or every other character clock depending on 
Bit 2. 

1 = Serial shift registers loaded every 4th charac
ter clock (32 bit fetches). 

Bit 3 

Dot Clock Selection. 
o = Normal dot clock selected by VCLK input fre

quency. 
1 = Dot Clock divided by 2 (320/360 pixels wide). 

Bit 2 
Shift Load. Effective only if Bit 4=0. 
o = Video serializers will be loaded every charac

ter clock. 
1 = Video serializers are loaded every other char

acter clock. 
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Bit 1 

Reserved. 

Bit 0 

8/9 Dot Clock. 
Commands Sequencer to generate 8 or 9 dot 
wide character clock. 
o = 9 dot wide character clock. 
1 = 8 dot wide character clock. 

5.5.4 Map Mask Register, 
Read/Write Port = 3C5, Index = 02 

BIT 

7-4 

3 

2 

1 

0 

Bit(7:4) 

Reserved. 

Bit(3:0) 

FUNCTION 

Reserved 

Map 3 Enable 

Map 2 Enable 

Map 1 Enable 

Map 0 Enable 

Controls Writing to Memory Maps (0-3), respec
tively. 
o = Writing to maps (0-3) disallowed. 
1 = Maps (0-3) accessible. 

WD90C22 REGISTERS 

5.5.5 Character Map Select Register, 
Read/Write Port = 3C5, Index = 03H 

BIT FUNCTION 

7,6 Reserved 

5 Character Map Select A Bit 2 

4 Character Map Select B Bit 2 

3 Character Map Select A Bit 1 

2 Character Map Select A Bit 0 

1 Character Map Select B Bit 1 

0 Character Map Select B Bit 0 

If Sequencer Register 4 Bit 1 is 1, then the at
tribute byte Bit 3 in text modes is redefined to 
control switching between character sets. "0" 
selects character map B. "1" selects character 
map A. Character Map selection from either 
plane 2 or plane 3 is determined by PR2(2), 
PR2(5), and Bit 4 of the attribute code. 

Bit(7:6) 

Reserved. 

Bit 5 

Character Map A MSB Select. 
The Most Significant Bit (MSB) of character map 
A, along with Bits 3 and 2, select the location of 
character map A as shown below. 

BITS MAP FONT/PLANE 2 OR 
532 SELECTED 3 LOCATION 

000 0 1st 8 Kbyte 

001 1 3rd8 Kbyte 

010 2 5th 8 Kbyte 

01 1 3 7th 8 Kbyte 

100 4 2nd 8 Kbyte 

1 01 5 4th 8 Kbyte 

1 1 0 6 6th 8 Kbyte 

111 7 8th 8 Kbyte 
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Bit 4 Bit(7:4) 

Character Map B MSB Select. Reserved. 
The MSB of character map B, along with Bits 1 
and 0, select the location of character map B as Bit 3 
shown below. 

BITS MAP 
410 SELECTED 

000 0 

001 1 

010 2 

011 3 

100 4 

1 01 5 

1 1 0 6 

111 7 

Bit(3:2) 

Character Map Select A. 
Refer to Bit 5 table. 

Bit(1 :0) 

Character Map Select B. 
Refer to Bit 4 table. 

FONT/PLANE 2 OR 
3 LOCATION 

1st 8 Kbyte 

3rd 8 Kbyte 

5th 8 Kbyte 

7th 8 Kbyte 

2nd 8 Kbyte 

4th 8 Kbyte 

6th 8 Kbyte 

8th 8 Kbyte 

5.5.6 Memory Mode Register, 
Read/Write Port = 3C5, Index = 04H 

BIT FUNCTION 

7-4 Reserved 

3 Chain 4 

2 Odd/Even 

1 Extended Memory 

0 Reserved 

Chains 4 Maps. 
o = Processor sequentially accesses data using 

map mask register. 
1 = Directs the two lower order video memory ad

dress pins (MAO,MA1) to select the map to 
be addressed. The map selection table is 
shown below: 

MA1 MAO MAP SELECTED 

0 0 0 

0 1 1 

1 0 2 

1 1 3 

Bit 2 

Odd/Even Map Selection. 
o = Even processor addresses to access maps 0 

and 2. Odd processor addresses to access 
maps 1 and 3. 

1 = Sequential processor access as defined by 
map mask register. 

Bit 1 

Extended Video Memory. 
o = 64 Kbyte of video memory. 
1 = Greater than 64 Kbyte of memory for 

VGA/EGA modes. 

Bit 0 

Reserved. 
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5.6 CRT CONTROLLER REGISTERS 

PORT1 1NDEX VGA REGISTER NAME 6845 REG NAME2 

3?4 --- CRT Controller Address Reg. CRTC Address Reg 

3?5 00 Horizontal Total Hor. Total 
3?5 01 Horizontal Display Enable End Hor. Di~ 
3?5 02 Start Horizontal Blanking See note 3. 
3?5 03 End Horizontal Blanking See note 3. 
3?5 04 Start Horizontal Retrace See note 3. 
3?5 05 End Horizontal Retrace See note 3. 
3?5 06 Vertical Total Vert. Disp. 

3?5 07 Overflow See note 3. 
3?5 08 Preset Row Scan See note 3. 
3?5 09 Maximum Scan Line/Others Max. Scan Line Add. 

3?5 OA Cursor Start Cursor Start 

3?5 OB Cursor End Cursor End 
3?5 OC Start Address High Start Add. High 

3?5 00 Start Address Low Start Add. Low 

3?5 OE Cursor Location High Cursor Loc. High 

3?5 OF Cursor Location Low Cursor Loc. Low 

3?5 10 Vertical Retrace Start Light Pen High Read 

3?5 11 Vertical Retrace End Light Pen Low Read 

3?5 12 Vertical Display Enable End 
3?5 13 Offset See note 3. 
3?5 14 Underline Location See note 3. 
3?5 15 Start Vertical Blank See note 3. 
3?5 16 End Vertical Blank See note 3. 
3?5 17 CRTC Mode Control See note 3. 
3?5 18 Line Compare See note 3. 

TABLE 5-3. CRT CONTROLLER REGISTERS 

NOTES: 
1. "?" Value is controlled by Bit 0 of the Miscellaneous Output Register and is programmed 

as shown below: 
?= B in monochrome modes. 
?= 0 in color modes. 

2. 6845 Mode Registers are defined and explained in greater in the reference literature. 

3. This register can be programmed in VGA mode only. It is not applicable in 6845 mode. 

4. Reserved bits should be set to zero. 
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5.S.1 CRT Address Register, 
Read/Write Port = 3?4 

BIT 

7-5 

4-0 

Bit(7:5) 

Reserved. 

Bit(4:0) 

FUNCTION 

Reserved 

Index bits 

Index Register Bits. 
CRT Controller index pointer bits to specify the 
register to be addressed. Its value is programmed 
hex. 

5.S.2 Horizontal Total Register, 
Read/Write Port = 3?5, Index=OOH 

FUNCTION 

Horizontal Total Period 

Bit(7:0) 

Count Plus Retrace Less 5. 
In VGA mode, the horizontal total period is the 
total of the character count in the activei display 
plus the character count in the retrace time less 5, 
per horizontal scan line. 

5.S.3 Horizontal Display Enable End 
Register Read/Write Port = 3?5, Index 
01H 

FUNCTION 

Displayed Characters per scan line 

Bit(7:0) 

The total number of displayed characters less one 
is programmed into this register. 

Horizontal overscan begins when the horizontal 
character counter reaches this character clock 
value. 

WD90C22 

5.S.4 Start Horizontal Blanking Register, 
Read/Write Port = 3?5, Index = 02H 

FUNCTION 

Start Horizontal Blanking 

Horizontal blanking begins when the horizontal 
character counter reaches the hexidecimal value 
in the character clocks in this register. This 
register is locked if the PR Register PR3 (5) = 1 or 
the Vertical Retrace End Register Bit 7 = 1. 

5.S.5 End Horizontal Blanking, 
Read/Write Port = 3?5, Index = 03H 

BIT FUNCTION 

7 Reserved 

6,5 Display Enable Signal Skew Control 

4-0 End Horizontal Blanking (lower 5 bits) 

This register is locked if the PR Register PR3(5) = 
1 OR the Vertical Retrace End Register Bit 7 = 1. 

Bit 7 

Reserved. 

Bit(S:5) 

Display Enable Signal Skew Control. 
These bits define the display enable signal skew 
time in relation to horizontal synchronization pul
ses. The skew table is shown below: 

BITS BIT5 SKEW IN CHARACTER 
CLOCKS 

0 0 0 

0 1 1 

1 0 2 

1 1 3 

ADVANCED INFORMATION 11120/91 15-27 

• 



WD90C22 

Bit (4:0) 

End Horizontal Blanking. 
To determine the value to be programmed into 
this register, first add the value in the register 
Start Horizontal Blanking and the desired width of 
the horizontal blanking in character clocks. The 
least significant five bits are programmed into this 
register, while the sixth most significant bit is the 
End Horizontal Retrace register (index 05H) Bit 7. 
When the least significant six bits of the horizontal 
character counter match these six bits, the 
horizontal blanking is ended. 

5.6.6 Start Horizontal Retrace Pulse 
Register ReadlWrite Port = 3?5, Index 
=04H 

BIT FUNCTION 

7-0 Start Horizontal Retrace 
Character Count 

Bit(7:0) 

Start Horizontal Retrace Character Count. 
Hex value in character count at which horizontal 
retrace output pulse becomes active. This register 
is locked if the PR Register PR3 (5) = 1 or the 
Vertical Retrace End Register Bit 7 = 1. 

5.6.7 End Horizontal Retrace Register, 
Read/Write Port = 3?5, Index =.05H 

BIT FUNCTION 

7 End Horizontal Blank bit 6 

6,5 Horizontal Retrace Delay 

4-0 End Horizontal Retrace 

This register is locked if the PR Register PR3 (5) 
= 1 or the Vertical Retrace End Register Bit 7 = 1 . 

Bit 7 

MSB (sixth bit) of the End Horizontal Blanking 
register. 
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Bit(6:5) 

Horizontal Retrace Delay. 
These bits define horizontal retrace signal delay: 
See the following table for details: 

BIT 6 BIT5 CHARACTER CLOCK 
DELAY 

a a a 
a 1 1 

1 a 2 

1 1 3 

Bit(4:0) 

End Horizontal Retrace. 
To determine the value to be programmed into 
this register, first add the value in the register 
Start Horizontal Retrace and the desired width of 
the horizontal retrace in character clocks. The 
least significant five bits are programmed into this 
register. When the least significant five bits of the 
horizontal character counter match these five bits, 
the horizontal retrace signal is turned off. 

5.6.8 Vertical Total Register, 
ReadlWrite Port = 3?5,lndex = 06H 

BIT FUNCTION 

7-0 Vertical Total 

Bit(7:0) 

Raster Scan Line Total Less 2. 
The least significant 8 bits of a 10-bit count of 
raster scan lines for a display frame. The loaded 
value includes vertical total scan lines minus 2. 
Time for vertical retrace, and vertical sync are 
also included. The ninth and tenth bits of this 
count are loaded into the Vertical Overflow 
Register (index = 07H) Bit a and Bit 5, respective
ly. In 6845 modes, total vertical display time in 
rows is programmed into Bit 6 through Bit 0, while 
Bit 7 is reserved. Scan count reduction is not 
necessary. The number of scan lines in a row is 
determined by the maximum Scan Line Register 
(index 09H Bits a through 4). This register is lock
ed if the PR Register PR3 (0) = 1 or the Vertical 
Retrace End Register Bit 7 = 1. 
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5.6.9 Overflow Vertical Register 
Read/Write Port = 3?5, Index = 07H 

BIT FUNCTION 

7 Vertical Retrace Start Bit 9 

6 Vertical Display Enable End Bit 9 

5 Vertical Total Bit 9 

4 Line Compare Bit 8 

3 Start Vertical Blank Bit 8 

2 Vertical Retrace Start Bit 8 

1 Vertical Display Enable End Bit 8 

0 Vertical Total Bit 8 

++Bit 7 

Vertical Retrace Start Bit 9 (index = 10H). 

**Bit 6 

Vertical Display Enable End Bit 9 (index = 12H). 

++Bit 5 

Vertical Total Bit 9 (index = 06H). 

Bit 4 

Line Compare Bit 8 (index = 18H). 

++Bit 3 

Start Vertical Blank Bit 8 (index =15H). 

++Bit 2 

Vertical Retrace Start Bit 8 (index = 10H). 

**Bit 1 

Vertical Display Enable End Bit 8 (index = 12H). 

++Bit 0 

Vertical Total Bit 8 (index = 06H). 

NOTES: 

** This register is locked if the PR Register 
PR3(1 )=0 AND the Vertical Retrace End Register 
Bit 7 = 1. 

++ This register is locked if the PR Register 
PR3(0) = 1 OR the Vertical Retrace End Register 
Bit 7 = 1. 
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5.6.10 Preset Row Scan Register, 
Read/Write Port = 3?5, Index = 08H 

BIT 

7 

6,5 

4-0 

Bit 7 

Reserved. 

Bit(6:5) 

FUNCTION 

Reserved 

Byte Panning Control 

Preset Row Scan Count 

Byte Panning Control. 
These bits allow up to 3 bytes to be panned in 
modes programmed as multiple shift modes. 

BIT 6 BITS OPERATION 

0 0 Normal 

0 1 1 Byte Left Shift 

1 0 2 Bytes Left Shift 

1 1 3 Bytes Left Shift 

Bit(4:0) 

Preset Row Scan Count. 
These bits preset the vertical row scan counter 
once after each vertical retrace. This counter is 
incremented after each horizontal retrace period, 
until the maximum row scan count is reached. 
When maximum row scan count is reached, the 
counter is cleared. This register can be used for 
smooth vertical scrolling of text. 
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5.6.11 Maximum Scan Line Register, 
Read/Write Port=3?5, Index=09H 

BIT FUNCTION 

7 200 to 400 Line Conversion 

6 Line Compare Bit 9 

5 Start Vertical Blank Bit 9 

4-0 Maximum Scan Line 

Bit 7 

200 to 400 Line Conversion. 
a = Normal operation. 
1 = Activate line doubling. The row scan counter 

is clocked at half the horizontal scan rate to 
allow 200 line modes display 400 scan lines 
(each line is double scanned). 

Bit 6 
Line Compare. 
This is Bit 9 of the Line Compare Register 
(index = 18H). 

Bit 5 

Start Vertical Blank. 
This is bit 9 of the Start Vertical Blank Register 
(index = 15H). This register is locked if the PR 
Register PR3 (O) = 1. 

Bit(4:0) 

Maximum Scan Line. 
Maximum number of scanned lines for each row 
of characters. The value programmed is the max
imum number of scanned rows per character 
minus 1. In 6845 mode, Bits 5 through 7 are 
reserved, and Bits 4 through a are programmed 
with the maximum scan line count less 1 for non
interlace mode. Interlaced mode is not supported. 
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5.6.12 Cursor Start Register, 
Read/Write Port = 3?5, Index = OAH 

BIT 

7,6 

5 

4-0 

Bit(7:6) 

Reserved. 

Bit 5 

FUNCTION 

Reserved 

Cursor Control 

Cursor Start Scan Line 

Cursor Control. 
o = Cursor on. 
1 = Cursor off. 

Bit(4:0) 

These bits specify the row scan counter value 
within the character box where the cursor begins. 
They contain the value of the character row less 
1. If this value is programmed with a value 
greater than the Cursor End Register (index = 
OBH), no cursor is generated. For 6845 modes, 
Bit 7 is reserved. Bit 5 controls the cursor opera
tion and Bits 4 through 0 contain the cursor start 
value. Bit 6 is not used. 

5.6.13 Cursor End Register, ReadIWrite, 
Port = 3?5h, Index = OBH 

BIT 

7 

6,5 

4-0 

Bit 7 

Reserved. 

FUNCTION 

Reserved 

Cursor Skew 

Cursor End Scan Line 
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Bit(6:5) 

Cursor Skew Bits. 
Delays the displayed cursor to the right by the 
skew value in character clocks; e.g., 1 character 
clock skew moves the cursor right by 1 position 
on the screen. Refer to the table below. 

BIT6 BITS SKEW 

0 0 0 

0 1 1 

1 0 2 

1 1 3 

Bit (4:0) 

These bits specify the last row scan counter value 
within the character box during which the cursor is 
active. If this value is less than the cursor start 
value, no cursor is displayed. In 6845 mode, Bits 
7 through 5 are reserved and Bits 4 through 0 
contain the row value of the cursor end. 

NOTE: There are three types of cursors 
generated, depending upon the mode; i.e, EGA, 
VGA, or 6845 (non-VGA). The above description 
refers to the VGA cursor only. 

5.6.14 Start Address High Register, 
Read/Write Port 3?5H, Index =OCH 

FUNCTION 

Start Address High Byte 

Bit(7:0) 

Display Screen Start Address Upper Byte Bits. 
Eight high order bits of the 16-bit video memory 
address used for screen refresh. The low order 
8-bit register is at index ODH. The PR Register 
PR3 Bits 3 and 4 extend this video memory start 
register to 18 bits. In 6845 modes Bits 6 and 7 
are forced to "0" regardless of this register's con
tents, while the lower order 8 bits are at index 
register ODH. 
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5.6.15 Start Address Low Register, 
Read/Write Port = 3?5H, Index = OOH 

FUNCTION 

Start Address Low Byte 

Bit(7:0) 

The lower order eight bits of the 16-bit video 
memory address in VGA or 6845 modes. 

5.6.16 Cursor Location High Register, 
Read/Write Port = 3?5h, Index = OEh 

FUNCTION 

Cursor Location High Byte 

Bit(7:0) 

Cursor Address Upper Byte Bits. 
The eight higher order bits of 16-bit cursor loca
tion in VGA mode. For the lower order eight bits, 
see the Cursor Location Low Register at index 
OFH. In VGA mode, the PR Register PR3 bits 3 
and 4 extend the cursor location High Register to 
18 bits. For 6845 modes, Bits 6 and 7 are 
reserved, while Bits 5 through 0 are the high order 
bits of the cursor. 

5.6.17 Cursor Location Low Register, 
Read/Write Port = 3?5, Index = OFH 

FUNCTION 

Cursor Location Low Byte 

Bit(7:0) 

Cursor Address Lower Byte Bits. 

The lower order eight bits of the 16-bit video 
memory address in VGA or 6845 mode. 
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5.6.18 Vertical Retrace Start Register, 
ReadlWrite Port = 3?5, Index=10H 

BIT FUNCTION 

7-0 Vertical Retrace Start 
(Lower eight bits) 

Bit(7:0) 

Vertical Retrace Start Pulse Lower Eight Bits. 
The lower eight bits of the 10-bit vertical retrace 
start register. Bits 8 and 9 are located in the 
Overflow Register (index = 07H). In 6845 com
patible mode, this register shows the high order 
six bits in positions 5 through 0 as the light pen 
read back value, and Bits 6 and 7 are reserved. 
The lower order eight bits of the light pen read 
back register are at the index 11 H. In EGA com
patible mode this register shows the high order 
eight bits as the light pen value. This register is 
locked if PR register PR3 (0) = 1. 

5.6.19 Vertical Retrace End Register, 
Read/Write Port = 3?5, Index = 11 H 

BIT FUNCTION 

7 CRTC 0-7 Write Protect 

6 Select 3/5 DRAM Refresh 

5 Enable Vertical Interrupt 

4 Clear Vertical Interrupt 

3-0 Vertical Retrace End 

This register is locked if the PR Register 
PR3(0)=1. 

Bit 7 

CRTC Registers Write Protect. 
o = Enables writes to CRT index registers OOH-

07H. 
1 = Write protects CRT Controller index registers 

in the range of index 00H-07H. The line com
pare Bit 4 in the Overflow Register (07H) is 
not protected. 
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Bit 6 

DRAM Refresh/Horizontal Scan Line. 
Selects DRAM refresh cycles per horizontal scan 
line. 
o = Generates 3 refresh cycles for each horizon

tal scan line for normal VGA operation. 
1 = Generates 5 DRAM refresh cycles per 

horizontal scan line. 

Bit 5 

Enable Vertical Retrace Interrupt. 
o = Enables vertical retrace interrupt. 
1 = Disable vertical retrace interrupt. 

Bit 4 

Clear Vertical Retrace Interrupt. 
o = Clears vertical retrace interrupt by resetting 

(writing a 0 to) and internal flip flop. 
1 = Vertical retrace interrupt. Allows an interrupt 

. to be generated after the last displayed scan 
of the frame has occurred (Le., the start of 
the bottom border). 

Bit(3:0) 

Vertical Retrace End. 
These bits specify scan count at which vertical 
sync becomes inactive. For retrace signal pulse 
width "W", add the number of scan count for "W" 
to the value of the Vertical Retrace Start register. 
The least significant four bits of the result are writ
ten in the Vertical Retrace End register. When the 
least significant four bits of the vertical scan line 
counter match these four bits, the vertical retrace 
signal is turned off. 
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5.6.20 Vertical Display Enable End Register, 
Read/Write Port = 3?5, Index = 12H 

BIT FUNCTION 

7-0 Vertical Display Enable End 
(Lower 8 bits) 

Bit(7:0) 

Vertical Display Enable End Lower 8 Bits. 

WD90C22 

5.6.22 Underline Location Register, 
Read/Write Port = 3?5, Index = 14H 

BIT FUNCTION 

7 Reserved 

6 Doubleword Mode 

5 Count by 4 

4-0 Underline Location 

The lower eight bits of 10-bit register that defines 
where the active display frame ends. Bit 7 

The programmed count is in scan lines minus 1. 
Bits 8 and 9 are in the Overflow Register (index 
07H) at positions 1 and 6, respectively. . 

5.6.21 Offset Register, 
Read/Write Port = 3?5, Index = 13H 

FUNCTION 

Logical Line Screen Width 

Bit(7:0) 

Logical Line Screen Width. 
This register specifies the width of display 
memory in terms of an offset from the current row 
start address to the next character row. The of
fset value is a word address adjusted for word or 
doubleword display memory access. It is calcu
lated as follows: 

Next Row Scan Start Address = Current Row 
Scan Start Address + (K * value in Offset 
Register), where K=2 in byte mode and K=4 in 
word mode. 

Reserved. 

Bit 6 
Doubleword Mode. 
o = Display memory addressed for byte or word 

access. 
1 = Display memory addressed for double word 

access. 

Bit 5 

Count By 4 For Double Word Access 
o = Memory address counter clocked for byte or 

word access. 
1 = Memory address counter is clocked at the 

character clock rate divided by 4. 

Bit(4:0) 

Underline Location. 
These bits specify the row scan counter value 
within a character matrix where under line is to be 
displayed. Load a value 1 less than the desired 
scan line number. 
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5.6.23 Start Vertical Blank Register, 
Read/Write Port = 3?5, Index =15H 

This register is locked if the PR Register 
PR3(O)=1. 

FUNCTION 

Start Vertical Blank (Lower eight bits) 

Bit{7:0) 

Start Vertical Blank Lower Eight Bits. 
The lower eight bits of the 10-bit Start Vertical 
Blank Register. Bit 8 is in the Overflow Register 
(index = 07H) and Bit 9 is in the Maximum Scan 
Line Register (index = 09H). The 10-bit value is 
reduced by 1 from the desired scan line count 
where the vertical blanking signal starts. 

5.6.24 End Vertical Blank Register, 
Read/write Port=3?5, Index=16H 

This register is locked if the PR Register 
PR3(O)=1. 

FUNCTION 

End Vertical Blank 

Bit{7:0) 

Vertical Blank Inactive Count. 
End Vertical Blank is an 8-bit value calculated as 
follows: 

8-bit End Vertical Blank value = 
(value of Start Vertical Blank minus 1) + 
(value of vertical blank signal width in scan lines). 

When the least significant eight bits of the vertical 
scan line counter match these eight bits, the verti
cal blank signal is turned off. 
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5.6.25 CRT Mode Control Register, 
Read/Write Port = 3?5, Index = 17H 

This register is locked if PR Register PR3(5) = 1. 

BIT FUNCTION 

7 Hardware Reset 

6 Word or Byte Mode 

5 Address Wrap 

4 Reserved 

3 Count by 2 

2 Horizontal Retrace Select 

1 Select Row Scan Counter 

0 CGA Compatibility 

Bit 7 

Hardware Reset. 
o = Horizontal and vertical retrace outputs to be 

inactive. 
1 = Horizontal and vertical retrace outputs 

enabled. 

Bit 6 

Word Or Byte Mode. 
o = Word address mode. All memory address 

counter bits shift down by 1-bit and the MSB 
of the address counter appears on the LSB. 
See the table on the next page. 

1 = Byte address mode. 
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MEMORY ADDRESS BYTE ADDRESS MODE WORD ADDRESS DOUBLEWORD 
MODE ADDRESS MODE 

MAO/RFO MAO *MA15 OR MA13 MA12 

MA1/RF1 1 0 MA13 

MA2/RF2 2 1 0 

MA3/RF3 3 2 1 

MA4/RF4 4 3 2 

MA5/RF5 5 4 3 

MA6/RF6 6 5 4 

MA7/RF7 7 6 5 

MA8/RF8 8 7 6 

MA9 9 8 7 

MA10 10 9 8 

MA11 11 10 9 

MA12 12 11 10 

MA13 13 12 11 

MA14 14 13 12 

MA15 15 14 13 .. 
* See Bit 5, defining address wrap. This table IS applicable only when PR Register PR1 Bits 7 and 6 
equal 0, or PR16 Bit 1 equals one. 

The CRT Underline Location Register (index = 
14H) bit 6 also controls addressing. However, 
when CRT14H(6) = 0, only the CRT Mode Control 
Register (index 17H) Bit 6 controls addressing. 
See the following table. 

CRT14H CRT17H ADDRESS 

Bit6 Bit 6 Mode 

0 0 Word 

0 1 Byte 

1 X Doubleword 

Bit 5 

Address Wrap. 
0= In word address mode, this bit enables Bit 13 

to appear at MAO, otherwise Bit 0 appears on 
MAO. 

1 = Select MA 15 for odd/even mode when 256 
Kbyte of video memory is used on the system 
board. 

Bit 4 

Reserved. 

Bit 3 

Count by 2. 
o = Character clock increments memory address 

counter. 
1 = Character clock divided by 2 increments the _ 

address counter. ... 
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Bit 2 5.7 GRAPHICS CONTROLLER 

Horizontal Retrace Clock Rate Select for Vertical REGISTERS 
Timing Counter. 
o = Selects horizontal retrace clock rate. 
1 = Selects horizontal retrace clock rate divided 

by 2. 

Bit 1 

Select Row Scan Counter. 
o = Selects row scan counter Bit 1 as output at 

MA14 address pin. 
1 = Selects Bit 14 of the CRTC address counter 

as output at MA 14 pin. 

Bit 0 

6845 CRT Controller Compatibility Mode Support 
for CGA Operation. 

PORT 
(HEX) 

3CE 

3CF 

3CF 

3CF 

3CF 

3CF 

3CF 

3CF 

3CF 

3CF 

INDEX NAME 
(HEX) 

- Graphics Index Register 

00 Set/Reset 

01 Enable Set/Reset 

02 Color Compare 

03 Data Rotate 

04 Read Map Select 

05 Graphics Mode 

06 Miscellaneous 

07 Color Don't Care 

08 Bit Mask 
0= Row scan address Bit 0 is substituted for NOTE: Reserved bits should be set to o. 

memory address Bit 13 at MA 13 output pin 
during active display time. 

1 = Enable memory address pin 13 to be output 5.7.1 Graphics Index Register, 
at MA13 address pin. Read/Write Port = 3CE 

5.6.26 Line Compare Register, 
Read/Write Port = 3?5, Index = 18H 

FUNCTION 

Line Compare (lower eight bits) 

Bit(7:0) 

Line Compare Lower 8 Bits. 
Lower 8 bits of the 10-bit Scan Line Compare 
Register. Bit 8 is in the Overflow Register (index 
= 07H) and Bit 9 is in the Maximum Scan Line 
Register (index = 09H). When the vertical counter 
reaches this value, the internal start of the line 
counter is cleared. 

BIT 

7-4 

3-0 

Bit(7:4) 

Reserved. 

Bit(3:0) 

FUNCTION 

Reserved 

Graphics Address Bits 

Graphics Controller Register Index Pointer Bits. 
Note that some of the PR registers reside with the 
index pointer extension beyond the standard VGA 
Graphics Controller registers. 
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5.7.2 Set/Reset Register, 
Read/Write Port 3CF, Index = OOH 

BIT 

7-4 

3 

2 

1 

0 

Bit(7:4) 

Reserved. 

FUNCTION 

Reserved 

Set/Reset Map 3 

Set/Reset Map 2 

Set/Reset Map 1 

Set/Reset Map 0 

Bit(3:0) 

Set/Reset Map. 
When the CPU executes display memory write 
with Write Mode O· selected and the Enable 
Set/Reset Register (index = 01 H) activated, the 
eight bits of the bit value in this register, which 
have been operated on by the Bit Mask Register, 
are written to the corresponding display memory 
map. It is an eight bit fill operation. The map 
designations are defined below: 

0= Reset. 
1 = Set. 

BIT 

3 

2 

1 

0 

SET/RESET 

Map 3 

Map 2 

Map 1 

MapO 

NOTE: The selection of Write Mode 0 is deter
mined by the Graphics Mode Register (index = 
05 H) Bit 1 and Bit o. 
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5.7.3 Enable Set/Reset Register, 
Read/Write Port = 3CF, Index = 01 H 

BIT 

7-4 

3 

2 

1 

0 

Bit(7:4) 

Reserved. 

Bit(3:0) 

FUNCTION 

Reserved 

Enable Set/Reset Map 3 

Enable Set/Reset Map 2 

Enable Set/Reset Map 1 

Enable Set/Reset Map 0 

Enable Set/Reset Register (Index OOH). 
o = When Write Mode 0 is selected, these bits, 

set to 0, disable the Set/Reset Register 
(index = OOH) memory map access and the 
map is written with the rotated 8-bit data from 
the system microprocessor as defined by the 
Data Rotate Register. 

1 = When Write Mode 0 is selected, these bits 
enable memory map access defined by the 
Set/Reset Register (index = OOH), and the 
respective memory map is written with the 
Set/Reset Register value. 
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5.7.4 Color Compare Register, 
Read/Write PORT 3CF, Index = 02H 

BIT 

7-4 

3 

2 

1 

0 

Bit(7:4) 

Reserved. 

Bit(3:0) 

FUNCTION 

Reserved 

Color Compare Map 3 

Color Compare Map 2 

Color Compare Map 1 

Color Compare Map 0 

Color Compare. 
The color compare bit contains the value to which 
all 8 bits of the corresponding memory map are 
compared. This comparison also occurs across 
all four maps, and a "1" is returned for the map 
positions where the bits of all four maps equal the 
Color Compare Register. If a system read is done 
with bit 3 = 0 for the Graphics Mode Register 
(index = OSH), data is returned without com
parison. Color compare map coding is shown 
below. 

BIT COLOR COMPARE 

3 Map 3 

2 Map 2 

1 Map 1 

0 Map 0 
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5.7.5 Data Rotate Register, 
Read/Write Port = 3CF, Index = 03H 

BIT 

7-5 

4 

3 

2 

1 

0 

Bit(7:5) 

Reserved. 

FUNCTION 

Reserved 

Function Select 1 

Function Select 0 

Rotate Count 2 Bit 2 

Rotate Count 1 Bit 1 

Rotate Count 0 Bit 0 

Bit(4:3) 

Function Select. 
Function select for any of the write mode opera
tions defined in the Graphics Mode Register 
(index = OSH) is defined as follows. 

BIT4 BIT3 

0 

0 

1 

1 

Bit(2:0) 

Rotate Count. 

0 

1 

0 

1 

FUNCTION 

Video memory data un-
modified 
Video memory data ANDed 
with system data in the 
latches 
Video memory data ORed 
with system data in the 
latches 
Video memory data XORed 
with system data in the 
latches 

This specifies number of bit positions of rotation to 
the right. Data written by the CPU is rotated in 
write mode 0, defined by the Graphics Mode 
Register (index = OSH). 
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5.7.6 Read Map Select Register, 
Read/Write Port = 3CF, Index = 04H 

BIT FUNCTION 

7-2 Reserved 

1 Map Select 1 

a Map Select a 

Bit(7:2) 

Reserved. 

Bit(1 :0) 

Map Select. 
These bits select memory map in system read 
operations. This operation has no effect on color 
compare read mode. In odd/even modes, the 
value can be aab or a1b to select chained maps a 
and 1 or value 1 ab or 11 to select the chained 
maps 2 and 3. Map read is defined as shown 
below. 

BIT 1 BITO READ MAP 

a a a 

a 1 1 

1 a 2 

1 1 3 
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5.7.7 Graphics Mode Register, 
Read/Write Port = 3CF, Index = 05H 

BIT 

7 

6 

5 

4 

3 

2 

1 

a 

Bit 7 

Reserved. 

Bit 6 

FUNCTION 

Reserved 

256 Color Mode 

Shift Register 

CGA Odd/Even 

Read Type 

Reserved 

Write Mode Bit 1 

Write Mode Bit a 

256 Color Mode. 
a = Enables Bit 5 of this register to control load

ing of the shift registers. Four bit pixel is ex
panded to 6 bits through internal palette and 
is sent out on the lower 6-bit pins (VID5 -
VIDa) every dot clock. The remaining two 
video outputs (VID6, VID7) are determined 
by Bits 2 and 3 of the Color Select Register 
located at index = 14H within the Attribute 
Controller. 

1 = Load video shift registers to support 256 
color mode. 

Bit 5 

Shift Register. 
Shift register load controls the way in which 
memory data is formatted in the four video shift 
registers. MSB is shifted out in all cases. 
a = Map a - Map 3 data is placed into shift 

registers for normal operations. 
1 = For CGA graphics mode compatibility, even 

numbered shift registers, and odd numbered 
bits from all the maps are shifted out of odd 
numbered shift registers. 
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Bit 4 

Odd/Even Mode. 
0= Normal 

WD90C22 REGISTERS 

04H). This setting will have no effect if Bit 3 
of the Sequencer Memory Mode Register = 
1. 

1 = CGA compatible odd/even system access 
mode. Sequential addressing as defined by 
Bit 2 of the memory mode register (index = 
04H) in the Sequencer Register. Even sys
tem addresses access maps 0 or 2 and odd 
system addresses access maps 1 or 3. 

1 = System reads the comparison of the memory 
maps and the Color Compare Register. 

Bit 2 

Reserved. 

Bit 3 

Read Mode. 
Bit(1 :0) 

Write Mode. 
o = System reads data from memory maps 

selected by Read Map Select Register (index 
The following table defines the four write modes. 

BITO BIT1 WRITE MODE 

0 0 Write Mode O. If the Set/Reset Register function is enabled for any of the 
maps, the 8 bits of the bit value in the Set/Reset Register, which have 
been operated on by the Bit Mask Register, are then written to the cor- . 
responding display memory map. If the Set/Reset Register function is dis-
abled, the map is written with the CPU data which is right rotated by the 
number of bits defined in the Data Rotate Register, with the old LSB now 
the new MSB. 

0 1 Write Mode 1. This mode can be used to write the same value to many 
memory locations. The 32 bits of data in the system latches are written 
into each of the four memory maps. The system read operation loads 
the latches. 

1 0 Write Mode 2. Memory maps (3:0) are filled with the 8-bit value of the 
corresponding CPU data bits (3:0). The 32-bit output of the four memory 
maps is then operated on by the Bit Mask Register and the resulting data 
is written to the four memory maps. 

1 1 Write Mode 3. Eight bits of the value contained in the Set/Reset Register 
(index = OOH) is written into the corresponding map, regardless of the 
Enable Set/Reset Register (index = 01 H). The right rotated CPU data 
(see Write Mode 0) is ANDed with Bit Mask Register data to form an 8-bit 
mask value that performs the same function as the Bit Mask Register in 
Write Modes 0 and 2. 
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5.7.8 Miscellaneous Register, 
Read/Write Port = 3CF, Index = 06H 

BIT 

7-4 

3 

2 

1 

0 

Bit(7:4) 

Reserved. 

Bit(3:2) 

FUNCTION 

Reserved 

Memory Map 1 

Memory Map 0 

Odd/Even 

Graphics Mode 

Memory Map 1, o. 
Display memory map control into the CPU ad
dress space is shown below: 

BIT3 BIT2 CPU ADDRESS LENGTH 
RANGE 

0 0 AOOO:OH-BFFF:FH 128 Kbyte 

0 1 AOOO:OH-AFFF:FH 64 Kbyte 

1 0 BOOO:OH-B7FF:FH 32 Kbyte 

1 1 B800:0H-BFFF:FH 32 Kbyte 

Bit 1 

Odd/Even Mode. 
o = CPU address bit AO is the memory address 

bit MAO. 
1 = CPU address bit AO is replaced by higher 

order address bit. AO is then used to select 
odd or even maps. AO = 0 selects map 0 or 2, 
while AO = 1 selects map 1 or 3. 

Bit 0 

Graphics/Alphanumeric Mode. 
This bit is programmed the same way as Bit 0 of 
the Attribute Mode Control Register. 
o = Alphanumeric mode selects. 
1 = Graphics mode selected. 

WD90C22 

5.7.9 Color Don't Care Register, 
Read/Write Port 3CF, Index = 07H 

BIT 

7-4 

3 

2 

1 

0 

Bit(7:4) 

Reserved. 

Bit(3:0) 

FUNCTION 

Reserved 

Memory Map 3 

Memory Map 2 

Memory Map 1 

Memory Map 0 

Memory Map Color Compare Operation. 
o = Disable color compare operation. 
1 = Enable color compare operation. 
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5.7.10 Bit Mask Register, 
Read/Write Port = 3CF, Index = OSH 

I :~: I 
FUNCTION 

Bit Mask 

Bit(7:0) 

The bit mask operation applies simultaneously to 
all four maps. In Write Modes 0 and 2, this 
register provides selective changes to any bit 
stored in the system latches during processor 
writes. Data must be first latched by reading the 
addressed byte. After setting the Bit Mask 
Register, new data is written to the same byte in a 
subsequent operation. Bit mask operation affects 
any data written by the processor. 

o = Bit position value is masked or is not change
able. 

1 = Bit position value is unmasked and can be 
changed in the corresponding map. 

5.S ATTRIBUTE CONTROLLER 
REGISTERS 

PORT INDEX NAME 
(HEX) (HEX) 

3CO -- Index Register 

3CO OO-OF Palette Registers 

3CO 10 Attribute Mode Control 
Register 

3CO 11 Overscan Control Register 

3CO 12 Color Plane Enable 
Register 

3CO 13 Horizontal PEL Panning 
Register 

3CO 14 Color Select Register 
NOTES: 
1 . Each attribute data register is written at 3CO 

and register data is read from address 3C1. 
2. Reserved bits should be set to zero. 
3. ?" Value is controlled by Bit 0 of the Miscel

laneous Output register and is programmed as 
shown below. 

o = B in Monochrome Modes. 
1 = D in Color Modes. 

WD90C22 REGISTERS 

5.8.1 Attribute Index Register, 
Read/Write Port = 3CO 

BIT 

7-6 

5 

4-0 

Bit(7:6) 

Reserved. 

Bit 5 

FUNCTION 

Reserved 

Palette Address Source 

Attribute Address Bits 

Palette Address Source. 
o = Disable internal color palette outputs and 

video outputs to allow CPU access to color 
palette registers (index 00 - OFH). 

1 = Enable internal color palette and normal 
video translation. 

Bit(4:0) 

Attribute Controller Index Register Address Bits. 

NOTE: The Attribute Index Register has an inter
nal flip-flop, rather than an input bit, which con
trols the selection of the Address and Data 
Registers. Reading the Input Status Register 1 
(port = 3?A) clears the flip-flop and selects the 
Address Register, which is read through address 
3C1 and written at address 3CO. Once the Ad
dress Register has been loaded with an index, the 
next write operation to 3CO will load the Data 
Register. The flip-flop toggles between the Ad
dress and the Data Registers after every write to 
address 3CO, but does not toggle for reads to 
address 3C 1 . 
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5.8.2 Palette Registers (OO-OF Hex), 
Read Port 3C1/Write Port 3CO 

BIT 

7-6 

5 

4 

3 

2 

1 

0 

Bit(7:6) 

Reserved. 

Bit(5:0) 

Palette Pixel Colors. 

FUNCTION 

Reserved 

VID5 

VID4 

VID3 

VID2 

VID1 

VIDO 

They are defined as follows: 
o = Current pixel color deselected. 
1 = Enable corresponding pixel color per the 

table below. 

BIT FUNCTION 

5 VID5 

4 VID4 

3 VID3 

2 VID2 

1 VID1 

0 VIDO 

WD90C22 

5.8.3 Attribute Mode Control Register, 
Read Port 3C1/Write Port 3CO, 
Index = 10H 

BIT FUNCTION 

7 VID5, VID4 Select 

6 PEL Width 

5 PEL Panning Compatibility 

4 Reserved 

3 Enable Blink/Select Background In-
tensity 

2 Enable Line Graphics Character Code 

1 Mono-Emulation 

0 Graphics/Alphanumeric Mode 

Bit 7 

VID5, VID4 Select. 
0= VID5 and VID4 palette register outputs are 

selected. 
1 = Color Select Register (index 14H) Bits 1 and 

o are selected for outputs at VID5 and VID4 
pins. 

Bit 6 

Pixel Width. 
o = Disable 256 color mode pixel width. The 

PCLK output is the same as the internal dot 
clock rate. 

1 = Enable pixel width for 256 color mode. The 
PCLK output is the internal dot clock divided 
by two. 

Bit 5 

PEL Panning Compatibility. 
Line Compare in the CRT Controller. 
o = A Line Compare will have no effect on the 

PEL Panning Register. 
1 = Allows a successful Line Compare to disable 

the PEL Panning Register and also Bits 5 
and 6 of the CRT Controller Register 08 until 
VSYNC occurs. Allows pixel panning of a 
selected portion of the screen . 
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Bit 4 

Reserved. 

Bit 3 

Background Intensity/Blink Selection. 
o = Selects background intensity from the MSB 

of the attribute byte. 
1 = Selects blink attribute. 

Bit 2 

Enable Line Graphics Character Code. 
Set this bit to 0 for character fonts that do not 
utilize line graphics character codes. 
o = Forces ninth dot to be the same color as 

background in line graphics character codes. 
1 = Used in MDA line graphics modes. The ninth 

dot character is forced to be identical to the 
eighth character dot. 

Bit 1 

Mono/Color Emulation. 
o = Color display attributes. 
1 = MDA attributes. 

Bit 0 

Graphics/Alphanumeric Mode Enable. 
o = Alphanumeric mode. 
1 = Graphics mode. 

5.8.4 Overscan Color Register, 
Read Port 3C1!Write Port 3CO, 
Index = 11H 

BIT FUNCTION 

7 VID7 

6 VID6 

5 VID5 

4 VID4 

3 VID3 

2 VID2 

1 VID1 

0 VIDO 

WD90C22 REGISTERS 

Bit(7:0) 

Overscan/Border Color. 
These bits determine the overscan or border 
color. For monochrome display, this register is set 
to o. Border colors are set as shown above. 

5.8.5 Color Plane Enable Register, 
Read Port 3C1 !Write Port 3CO, 
Index = 12H 

BIT 

7-6 

5 

4 

3-0 

Bit(7:6) 

Reserved. 

Bit(5:4) 

FUNCTION 

Reserved 

Video Status MUX1 

Video Status MUXO 

Enable Color Plane 

Video Status Contra/. 
These bits select two out of eight color outputs 
which can be read by the Input Status Register 1 
(port = 03?A) Bits 4 and 5. 

COLOR PLANE INPUT STATUS 
REGISTER 

BIT 5 BIT4 BIT5 BIT4 

0 0 VID2 VIDO 

0 1 VID5 VID4 

1 D VID3 VID1 

1 1 VID7 VID6 

Bit(3:0) 

Color Plane Enable. 
D = Disables respective color planes. Forces 

pixel bit to 0 before it addresses palette. 
1 = Enables the respective display memory color 

plane. 
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5.8.6 Horizontal PEL Panning Register, 
Read Port 3C1/Write 
Port 3CO, Index = 13H 

BIT 

7-4 

3-0 

Bit(7:4) 

Reserved. 

Bit(3:0) 

FUNCTION 

Reserved 

Horizontal PEL Panning 

Horizontal Pixel Panning. 
It is available in text or graphics modes. These 
bits select pixel shift to the left horizontally. For 9 
dots/character modes, up to 8 pixels can be 
shifted horizontally to the left. Likewise, for 8 
dots/character up to 7 pixels can be shifted 
horizontally to the left. For 256 color, up to 3 
position pixel shift can occur. The following table 
defines the shift in different modes. 

LEFT SHIFT PIXEL VALUE 

Register 9 Dots 8 Dots 256 
Value Character Character Color 

Mode 

0 1 0 0 

1 2 1 --
2 3 2 1 

3 4 3 --
4 5 4 2 

5 6 5 --
6 7 6 3 

7 8 7 --

8 0 -- --

WD90C22 

5.8.7 Color Select Register, 
Read Port 3C1/Write Port 3CO, 
Index = 14H 

BIT 

7-4 

3 

2 

1 

0 

Bit(7:4) 

Reserved. 

Bit(3:2) 

Reserved 

S_Color 7 

SCalar 6 

S_Color 5 

S_Color4 

Color Value MSB. 

FUNCTION 

Two most two significant bits of the eight digit 
color value for the video OAC. They are normally 
used in all modes except 256 color graphics. 
Bit 3 = Set color bit VI07. 
Bit 2 = Set color bit VI06 

Bit(1 :0) 

Substituted Color Value Bits. 
These bits can be substituted for VI05 and VI04 
output by the Attribute Controller palette registers 
to create 8-bit color value. They are selected by 
the Attribute Controller Mode Control Register 
(index = 10H). 
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5.9 COMPATIBILITY REGISTERS 

NAME PORT (HEX) 

Mode Control Register 3?8 

Color Select Register 3D9 

Status Register 3?A 

AT&T/M24 Register 3DE 

Hercules Register 3BF 

Preset Light Pen Latch 3B9 (Mono) 
3DC (CGA) 

Clear Light Pen Latch 3?B 

NOTES: 
1. The Compatibility Registers are available only 

in 6845 mode (non-VGA), which is enabled by 
setting PR Register PR2(6) = 1. 

2. The AT& T/M24 Register also requires that M24 
mode be enabled. This is done by setting PR 
Register PR2(7) = 1. 

3. "?" Value is controlled by Bit 0 of the Misce
llaneous Output Register and is programmed 
as shown below: 

o = B in Monochrome Modes 
1 = D in Color Modes 

5.9.1 Hercules/MDA Mode Control Register, 
MDA Operation Write Only 
Port = 3B8H 

BIT FUNCTION 

7 Reserved/Display Memory Page 
Select 

6 Reserved 

5 Enable Blink 

4 Reserved 

3 Video Enable 

2 Reserved 

1 Reserved/ Port 3BFH Enable 

0 High Resolution Mode 

WD90C22 REGISTERS 

Bit 7 

Reserved in MDA mode. If Bit 1 =1 and Port 
3BFH bit 0 = 1, then this bit in Hercules Graphics 
mode selects the Display Memory Page. 
o = Display memory page address starts at 

. BOOO:OH. 
1 = Display memory page address starts at 

B800:0H. 

Bit 6 
Reserved. 

Bit 5 

Enable Blink. 
o = Disable blinking. 
1 = Enable blinking. 

Bit 4 
Reserved. 

Bit 3 
Video Enable. 
o = Video disable. 
1 = Video activated. 

Bit 2 

Reserved. 

Bit 1 

Port 3BFH Enable. 
o = Prevents setting of Port 3BF Bit 1 :0, thereby 

forcing the alpha mode operation. 
1 = Allows the Port 3BFh Bit 1:0 to switch for the 

alpha or graphics mode selection. 

Bit 0 

High Resolution Mode (should be 1). 
o = High resolution disabled. 
1 = High resolution is enabled. 

15-46 ADVANCED INFORMATION 11120191 



WD90C22 REGISTERS 

5.9.2 Hercules Registers 

The Hercules Mode Register is a 2-bit write only 
register located at I/O port address 3BF. It affects 
the device operation only in the 6845 mode. The 
enable mode register located at the address 3B8 
overrides the write port 3BF functions defined by 
its Bits 0 and 1. 

5.9.3 Enable Mode Register 3B8 

BIT FUNCTION 

7 Display Memory Page Address 
Graphics Mode 

6 Reserved 

5 Enable Blink 

4 Reserved 

3 Video Enable 

2 Reserved 

1 Port 3BF Bit 0 Override 

0 High Resolution Mode = 1 

Bit 7 

Display Memory Page Address In Graphics Mode. 
o = Display memory page address starts at 

BOOO:OH. 
1 = Display memory page address starts at 

B800:0H. 

Bit (6,4,2) 

Reserved. 

Bit 1 

Port 3BF Bit 0 Override. 
o = Prevents setting of Port 3BF Bit 0, thereby 

forcing the alpha mode operation. 
1 = Allows the Port 3BF Bit 0 to switch for the 

alpha or graphics mode selection. 

Bit 5 

Enable Blink. 
o = Disable blinking. 
1 = Enable blinking. 

Bit 3 

Video Enable. 
o = Video disable. 
1 = Video enable. 

Bit 0 

High Resolution (should be 1). 
o = High resolution disabled. 
1 = High resolution enabled. 

WD90C22 

5.9.4 Hercules Compatibility Register, 
Write Only Port = 3BFH 

BIT 

7-2 

1 

0 

Bits (7:2) 

Reserved. 

Bit 1 

FUNCTION 

Reserved 

Upper Memory Page Address 

Enable Graphics 

Upper Memory Page Address. 
Enable Mode Control Register (3B8) Bit 7 selects 
the displayed memory page address in the 
graphics mode. When it is reset, Bit 1 prevents 
access to the second memory page, located at 
B800:0H for the 32 Kbyte memory space. 
o = Upper memory page is mapped out. 
1 = Upper memory page is accessible. 

Bit 0 

Enable Graphics. 
Allows the Enable Mode Register (3B8) Bit 1 to 
override. 
o = Alpha mode display. 
1 = Graphics modes may be displayed. 
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5.9.5 Color CGA Operation Register, 
Write Only Port = 308 

BIT 

7,6 

5 

4 

3 

2 

1 

0 

Bit (7:6) 

Reserved. 

Bit 5 

FUNCTION 

Reserved 

Enable Blink 

B/W Graphics Mode 

Enable Video 

B/W/Color Mode Select 

Graphics/Alpha Mode Select 

Alpha Mode 

Enable Blink Function. 
o = Disables blinking function. 
1 = For normal operation, set this bit to allow 

blinking. 

Bit 4 

B/W Graphics Mode Enable. 
o = Deselect 640 by 200 BIW graphics mode. 
1 = Enable 640 by 200 BIW graphics mode. 

Bit 3 

Activate Video Signal. 
o = Deactivates video signal. This is done during 

mode changes. 
1 = B/W mode enabled. 

Bit 1 

Text or Graphics Mode Selection. 
o = Alpha mode enabled. 
1 = Graphics mode (320 by 200) activated. 

Bit 0 

(40 by 25) or (80 by 25) Text Mode Selection. 
o = 40 by 25 alpha mode enabled. 
1 = 80 by 25 alpha mode activated. 

WD90C22 REGISTERS 

5.9.6 CGA Color Select Register, 
Write Only Port = 309 

BIT 

7,6 

5 

4 

3 

2 

1 

0 

Bit (7:6) 

Reserved. 

Bit 5 

FUNCTION 

Reserved 

Graphics Mode Color Set 

Alternate Color Set 

Border Intensity 

Red Border 

Green Border 

Blue Border 

320 by 200 Color Set Select for the CGA 2 bits 
per pixel. 
0= Background, green, red, brown colors. 
1 = Background, cyan, magenta, white colors. 

Bit 4 

Alternate Color Set Enable. 
o = Background color in alpha mode. 
1 = Enable alternate color set in graphics mode. 

Bit 3 

Border Intensity. 
Border color select in text modes, and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 

Alphanumeric mode. 
1 = Selects intensified border color. 
320 by 200 Graphics Mode. 
1 = Selects intensified background and border 
color (CO - C1). 
640 by 200 Graphics Mode. 
1 = Selects red foreground color. 
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Bit 1 

Green Border/Background. 
Border color select in text modes, and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 

Alphanumeric Mode. 
1 = Selects green border color. 
320 by 200 Graphics Mode. 
1 = Selects green background and border color 
(CO-C1). 
640 by 200 Graphics Mode. 
1 = Selects green foreground color. 

Bit 0 

Blue Border/Background. 
Border color select in text modes, and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 

Alphanumeric Mode. 
1 = Selects blue border color. 
320 by 200 Graphics Mode. 
1 = Select blue background and border color 
(CO-C1). 
640 by 200 Graphics Mode. 
1 = Selects blue foreground color. 

5.9.7 CRT Status Register, 
MDA Operation, Read Only Port = 3BA 

BIT FUNCTION 

7 VSYNC Inactive 

6-4 Reserved 

3 B/W Video Enabled 

2 - 1 Reserved 

0 Display Enable Inactive 

Bit 7 

Vertical Retrace. 
0= Indicates the raster is in vertical retrace mode. 
1 = Indicates vertical retrace is inactive (inverted 

VSYNC if I/O is mapped into 3BX). 

Bit (6:4) 

Reserved. 

Bit 3 
BIW Video Status. 
o = B/W Video disabled. 
1 = B/W Video enabled. 

Bit 2 - Bit 1 

Reserved. 

Bit 0 

Display Enable. 
o = Display Enable is active. 

WD90C22 

1 = Indicates the screen border or blanking is ac
tive; Display Enable is inactive. 

5.9.8 CRT Status Register, 
CGA Operation, Read Only Port = 3DA 

BIT 

7-4 

3 

2 

1 

D 

Bit (7:4) 

Reserved. 

Bit 3 

FUNCTION 

Reserved 

VSYNC Active 

Light Pen Switch Status 

Light Pen Latch Set 

Display Enable Inactive 

Vertical Retrace. 
D = Indicates vertical retrace is inactive. 
1 = Indicates the raster is in vertical retrace mode. 

Bit 2 
Light Pen Switch Status. 
0= Light pen switch closed. 
1 = Light pen switch open. 
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Bit 1 

Light Pen Latch. 
o = Light pen latch cleared. 
1 = Light pen latch set. 

Bit 0 

Display Enable. 
o = Display Enable is active. 
1 = Indicates the screen border or blanking ac

tive; Display Enable is inactive. 

5.9.9 AT& T/M24 Register, 
Write Only Port = 3DE 

This is a write only, 8-bit register located at ad
dress 3DE. It is used to control the 640 by 400 
AT&T graphics mode. All bits are set to 0 by 
reset. This register is enabled by setting Bit 7 in 
PR Register 2 (PR2). 

BIT 

7 

6 

5,4 

3 

2 

1 

0 

Bit 7 

Reserved. 

Bit 6 

FUNCTION 

Reserved 

White/Blue Underline 

Reserved 

Memory Map Display 

Character Set Select 

Reserved 

AT&T Mode Enable 

White/Blue Underline. 
Defines underline attribute according to the MDA 
display requirements. 
o = Underline attribute selects blue foreground in-

color text modes. 
1 = Underline attribute selects white underlined 

foreground. 

Bit (5:4) 

Reserved. 

Bit 3 

Page Select. 

WD90C22 REGISTERS 

Selects between one or two 16 Kbyte RAM page 
for display in 200 line graphics mode. 
o = Display memory address starts at B800:0H 

(16 Kbyte length). 
1 = Display memory address starts at BCOO:OH 

(16 Kbyte length). 

Bit 2 

Character Set Select. 
Selects between two character font planes. 
o = Standard character font from plane 2. 
1 = Alternate character font from plane 3. 

Bit 1 

Reserved. 

Bit 0 

M24 or Non-IBM Graphics Mode. 400 line mode. 
A 400 line monitor is required for this mode. 
o = 200 line graphics mode active, using paired 

lines. 
1 = AT&T mode enabled for 400 line graphics. 
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5.10 WD90C22 PR REGISTERS 

NAME RW1 DESIGNATION2 1/0 SECTION 
LOCATION3 

Address Offset A RW PROA(B:Ot 3CF.09 5.10.1 
Alternate Address Offset B RW PROB(6:0) 3CF.OA 5.10.1 
Memory Size RW PR1 (7:0) 3CF.OB 5.10.2 

Video Select RW PR2(7:0) 3CF.OC 5.10.3 
CRT Control and Group Lockinq RW PR3(7:0) 3CF.OD 5.10.4 

Video Control RW PR4(7:0) 3CF.OE 5.10.5 
Unlock PRO-PR4 RW PR5J7:01 3CF.OF 5.10.6 

Unlock PR11 - PR17 RW PR10(7:0J 375.294 5.10.7 
EGA Switches RW PR11(7:0) 375.2A 5.10.8 
Scratch Pad RW PR12(7:0) 375.2B 5.10.9 
Interlace H/2 Start RW PR13(7:0) 375.2C 5.10.10 

Interlace H/2 End RW PR14(7:0) 375.20 5.10.11 

Miscellaneous Control 1 RW PR15(7:0) 375.2E 5.10.12 

Miscellaneous Control 2 RW PR16(7:0) 375.2F 5.10.13 
Miscellaneous Control 3 RW PR17(1 :0) 375.30 5.10.14 
Flat Panel Status RW5,6 PR18(7:0) 375.31 5.10.15 
Flat Panel Control I RW PR19(7:0) 375.32 5.10.16 
Flat Panel Control II RW PR1A(7:0) 375.33 5.10.17 
Flat Panel Unlock RW PR1 B(7:0) 375.34 5.10.18 
Mappinq RAM Unlock RW PR30(7:Q) 375.35 5.10.19 
Mappinq RAM Address Counter RW PR33(7:0) 375.38 5.10.20 

Mappinq RAM Data RW PR34(7:0) 375.39 5.10.21 
Mapping RAM Control RW6 PR35(1 :0) 375.3A 5.10.22 
LCD Panel Heiqht Select RW PR36(7:Q) 375.3B 5.10.23 
Flat Panel Blinkinq Control RW PR37(7:0) 375.3C 5.10.24 
Color LCD Control RW PR39(7:0) 375.3E 5.10.25 
Vertical Expansion Initial Value RW PR41 (7:0) 375.37 5.10.26 
PR43 Unlock Register WO PR42(7:0) 3C5.06 5.10.27 
Paradise VGA Status RW PR43(7:0) 3C5.07 5.10.28 

Power-Down Memory Refresh RW PR44(7:0) 375.3F 5.10.29 
CNF Configuration HARD6 - -

TABLE 5-4. PR REGISTERS SUMMARY 

NOTES: 
1. RO = Read-Only, WO = Write-Only, RW = readlWrite. 
2. In the PR register notation, XXX.YY, XXX is the data port address and YY is the register index. 
3. All register addresses are in hex. 
4. The designation 375 means that the register is mapped into either 3B5 in monochrome mode or 305 

in color modes. 
5. The register bits (1 :0) are loaded as CNF (10:9) upon reset. 
6. Not all bits are readable. 
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The WD90C22 has additional features that en
hance the performance and function of the 
Western Digital WD90COO and basic VGA sub
system. 

The registers are at the I/O locations unused by 
IBM. All registers are read/write, except where 
noted. 

Registers PRO through PR4 and PR11 through 
PR17 are normally locked. They are write
protected at power-up by the hardware reset. In 
order to load these registers, the appropriate un
lock register, PRS or PR10, must be loaded first 
with binary XXXXX101; the register remains un
locked until any other value is written to 
it. Registers PRO through PRS are readable only if 
PR4 Bit 1 = o. Registers PR10 through PR17 are 
read protected at power-up by hardware reset. To 
read registers PR10 through PR17, load PR10 
with 1 XXXOXXX. The registers remain readable 
until any other value is written to PR10. When 
registers PR10 through PR17 are read protected, 
reading them shows data to be FFH. Setting PR4 
Bit 1 to 1 does not read protect registers PR10 
through PR17. All PR registers are set to 0 at 
power-on reset except where noted. 

5.10.1 Address Offset Registers, 
PROA& PROB 

PROA - Address Offset Register A, 
Read/Write Port = 3CF, Index = 09 

BIT FUNCTION 

7 Reserved 

6-0 Primary Address Offset Bits 

PROB - Address Offset Register B, 
Read/Write Port = 3CF, Index = OA 

BIT FUNCTION 

7 Reserved 

6-0 Alternate Address Offset Bits 

The WD90C22 can control up to 1 Mbyte of video 
RAM. However, the memory map for IBM PC and 
compatibles assigns 128 Kbytes of the available 1 

WD90C22 REGISTERS 

Mbyte total system space to the video controller. 
Therefore, the video memory space starts at 
AOOO:OH and ends at BFFF:FH. This space is 
further limited to a 64 Kbyte video memory parti
tion to allow a second video card to co-exist. 

The WD90C22 has two offset registers that help 
address 512 Kbytes of linear addressed memory. 
These are PROA and PROB. These registers con
tain an offset which gets added to the system 
address when accessing more than 64 Kbytes of 
video memory. Address offset register PROA is 
the primary address offset register and is always 
enabled. Alternatively, Address offset register 
PROB is enabled only if PR1 Bit 3 is set to 1. 
PROA and PROB provide a 7-bit offset that is 
added to address Bits A (18:12) of the system 
address to form a 20-bit address. The arrange
ment is similar to that of the segment register OS 
and ES of the 8088/80X86 architecture, with 
PROA and PROB providing 4 Kbyte segments. 

In a 64 Kbyte VGA address space (as defined by 
Graphics Miscellaneous Register Bits 3 and 2), 
when PROB is enabled by setting PR1 Bit 3 = 1, 
PR address offset registers, PROA and Alternate 
Offset Address register (PROB), may be used to 
access two 32 Kbyte video RAM windows. PROA 
window is mapped from A800:0H-AFFF:FH while 
PROB is mapped from AOOO:OH-A7FF:FH. 

When there is a 128 Kbyte address space (as 
defined by Graphics Miscellaneous Register Bits 
3 and 2) and the Alternate Offset register is 
enabled, PROA is mapped from BOOO:OH
BFFF:FH, while PROB is mapped from AOOO:OH
AFFF:FH. 
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5.10.2 PR1 - Memory Size, 
Read/write Port = 3CF, Index = OBH 

BIT FUNCTION 

7,6 Memory Size Select 

5,4 Memory Map Select 

3 Enable Alternate Address Offset 
Reqister PROB 

2 16-Bit Video Memory 

1 Reserved 

0 BIOS ROM Map Out 

This register is eight bits wide. Bits PR1 (1 :0) are 
latched internally at power-on reset from the cor
responding memory data bus pins MD(1 :0), using 
either pull-up or pull-down external resistors. Pull
up resistors on MD(1 :0) cause PR1 (1 :0) bits to be 
latched low. 

Bits 7,6 
Memory Size. 
256 Kbyte of available VGA video memory space 
is divided into four 64 Kbyte maps (0-3), each 
defining bit planes (0-3). In mode 13, the 4-bit 
planes are chained to form one large bit plane. 
The starting address of the 256 Kbyte video 
memory buffer can be configured to match other 
video adapters and/or application programs. 
WD90C22 enhances memory size capability 
when Bits 6 and 7 are programmed to extend 
video buffer size to 512 Kbyte or 1024 Kbyte. 

BIT7 BIT6 PR16(1) 

WD90C22 

DRAMS MAS PIN VIDEO MEMORY 
SPACE PLANES 

64 Kbyte N/U 256 4 (64 Kbyte 
by4 Kbyte Per Plane) 

64 Kbyte BANK 512 4 (128 Kbyte 
by4 SELECT Kbyte Per Plane) 

256 Kbyte DRAM PIN 1024 4 (256 Kbyte 
by 4 A8 Kbyte Per Plane) 

The DRAM organizations supported by the 
WD90C22 and its associated video space are 
shown in the table at the bottom of the page. 

When video memory size is 512 Kbyte, and 64 
Kbyte by 4 DRAMs are used, two banks of 64 
Kbyte form 128 Kbyte per plane. MA8 provides 
the bank selection using an external multiplexer to 
access the appropriate bank in a plane by multi
plexing the CAS10N and CAS32N signals. Four 
planes form the desired 512 Kbyte video memory 
space. For 1024 Kbyte video memory size, MA8 
is directly connected to the A8 address pin of the 
256 Kbyte by 4 DRAMS, and two DRAMS form a 
256 Kbyte space per plane. Four planes make 
the desired 1024 Kbyte video memory space. 

PR1 Bits 7 and 6 must be set to reflect the 
amount of memory installed. These bits in con
junction with PR16(1) also select the way memory 
is mapped into the system address space. If 
PR16(1) is set to 1, the memory mapping is the 
same as IBM VGA regardless of PR1 (6) and 
PR1(7). 

MEMORY SIZE MAPPING 

0 0 0 256 Kbyte Standard VGA VGA* 

0 1 0 256 Kbyte WDI VGA 

1 0 0 512 Kbyte WDI VGA 

1 1 0 1024 Kbyte WDI VGA 

X X 1 Any Of The Above 
NOTE: 
* Only 64 Kbytes are accessible for chained 4 packed pixel mode. 
**WDI extended modes can fully utilize up to 256 Kbytes. 
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RAM ADDRESSING: 
PR1 (7) PR1 (6) 
o 0 256 Kbyte Total; 64 Kbyte Plane; IBM VGA Memory Organization 

VIDEO RAM BYTE WORD DBLWORD 
ADDRESS BIT CPU CRT CPU CRT CPU CRT 

MA(17) 0 0 0 0 0 0 

MA(16) * 0 0 0 0 0 0 

MA(15) A(15) CA(15) A(15) CA(14) A(15) CA(13) 

MA(14) A(14) CA(14) A(14) CA(13) A(14) CA(12) 

- - - - - - -

- - - - - - -

MA(2) A(2) CA(2) A(2) CA(1) A(2) CA(O) 

MA(1) A(1) CA(1) A(1) CA(O) A(15) CA(13) 

MA(O) A(O) CA(O) A(16) CA(15) A(14) CA(12) 
or or 

XRN(50) CA(13) 

RAM ADDRESSING: 
PR1 (7) PR1 (6) 
o 1 256 Kbyte Total; 64 Kbyte Plane; WD90C22 Memory Organization 

VIDEO RAM BYTE WORD DBLWORD 
ADDRESS BIT CPU CRT CPU CRT CPU CRT 

MA(17) 0 0 0 0 0 0 

MA(16) * 0 0 0 0 0 0 

MA(15) A(15) CA(15) A(15) CA(14) A(15) CA(13) 

MA(14) A(14) CA(14) A(14) CA(13) A(14) CA(12) 

- - - - - - -

- - - - - - -
MA(2) A(2) CA(2) A(2) CA(1) A(2) CA(O) 

MA(1) A(1) CA(1) A(1) CA(O) A(17) CA(15) 

MA(O) A(O) CA(O) A(16) CA(15) A(16) CA(14) 
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RAM ADDRESSING: 
PR1 (7) PR1 (6) 

o 512 Kbyte Total; 128 Kbyte/Plane; WD90C22 Memory Organization 

VIDEO RAM BYTE WORD DBLWORD 
ADDRESS BIT CPU CRT CPU CRT CPU CRT 

MA(17) 0 0 0 0 0 0 

MA(16) * A(16)* CA(16)* A(17)* CA(16)* A(18)* CA(16)* 

* 

MA(15) A(15) CA(15) A(15) CA(14) A(15) CA(13) 

MA(14) A(14) CA(14) A(14) CA(13) A(14) CA(12) 

- - - - - - -

- - - - - - -
MA(2) A(2) CA(2) A(2) CA(1) A(2) CA(O) 

MA(1) A(1 ) CA(1) A(1 ) CA(O) A(17) CA(15) 

MA(O) A(O) CA(O) A(16) CA(15) A(16) CA(14) 

RAM ADDRESSING: 
PR1 (7) PR1 (6) 

1024 Kbyte Total In 4 Planes; 256 Kbyte/Plane; WD90C22 Memory Organization 

VIDEO RAM BYTE WORD DBLWORD 
ADDRESS BIT CPU CRT CPU CRT CPU CRT 

MA(17) A(17) CA(17) A(17) CA(16) A(17) CA(15) 

MA(16) * A(16) CA(16) A(16) CA(15) A(16) CA(14) 

MA(15) A(15) CA(15) A(15) CA(14) A(15) CA(13) 

MA(14) A(14) CA(14) A(14) CA(13) A(14) CA(12) 

- - - - - - -
- - - - - - -

MA(2) A(2) CA(2) A(2) CA(1) A(2) CA(O) 

MA(1) A(1 ) CA(1) A(1 ) CA(O) A(19) CA(17) 

MA(O) A(O) CA(O) A(18) CA(17) A(18) CA(16) 

NOTES: 
1. A(19:0) are WD90COO internally modified system Addresses. 

2. CA(17:0) are CRT Controller Character Address Counter Bits. 

3. XRN(5) is Miscellaneous Output Register 3C2H, inverted bit 5. This bit selects the displayed page in 
chained modes. XRN(5) is selected as MA(O) if Graphics Register 6 Bit 3 or Bit 2 = 1. 

4. CA(13) is selected as MA(O) if CRTC Mode Register 17 Bit 5 = o. 
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BITS BIT 4 MEMORY MAP 

0 0 VGA Mapping in 64 Kbyte 
space - AOOO:OH to 
BFFF:FH Address Range 

0 1 First 256 Kbyte in 1 Mbyte 
space - OOOO:OH to 3FFF:FH 
Address RanQe 

1 0 First 512 Kbyte in 1 Mbyte 
space - OOOO:OH to 7FFF:FH 
Address Range 

1 1 First 1024 Kbyte in greater 
or equal to 1 Mbyte space -
OOOO:OH to FFFF:FH Ad-
dress RanQe 

Bit 3 

Enable Alternate Address Offset Register PROB. 

Bit 2 

Enable 16-Bit Bus for Video Memory. 
When set to 1, OS 16N will be active low in text 
modes and packed pixel modes such as mode 
13h. Planar graphics modes will always have 
OS 16 inactive. 

Bit 1 

Reserved. Set to O. 

Bit 0 

If set to 1 the BIOS ROM is mapped out. A pull
up resistor latches 0 after power-up. A pull-up on 
MO(O) sets this bit to 0 at power-on reset. 

WD90C22 REGISTERS 

S.10.3 PR2-Video Select Register, 
Read/Write Port = 3CF, Index = OCH 

BIT FUNCTION 
7 AT&T/M24 Mode Enable 

6 6845 Compatibility 

5 Character Map Select 

4,3 Character Clock Period Control 

2 Underline/Character Map 

1 Third Clock Select Line VCLK2 

0 Force VCLK (overrides SEQ1 bit 3) 

Bit 7 

Enable AT&T/M24 Register and Mode. 

Bit 6 

0: VGA or EGA mode. 
1: Non-VGA (6845) mode. 

Bit S 

Character Map Select. 
The following functions are overridden by setting 
PR15(2). This bit, in conjunction with PR2(2) and 
Bit 3 of the attribute code, enables character 
maps from planes 2 or 3 to be selected according 
to the table below: 

PR2(S) PR2(2) ATT(4) PLANE 
SELECT 

0 0 X 2 

0 1 X 2 

1 0 X 3 

1 1 0 2 

1 1 1 3 
NOTE: Setting PR15(2) = 1, I.e., selecting "page 
mode addressing" overrides the "plane selected" 
table shown above. 
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Bit(4:3) 

Character Clock Period Control. 

a a IBM VGA character clock 
(8 or 9 dots) 

a 1 7 dots (used for 132 character 
mode) 

1 a 9 dots 

1 1 10 dots 

Selecting 10 dots per character modifies the func
tion of the horizontal PEL Panning register 
(3CO.13). Pixel panning in the 10 dot-character 
modes is obtained by storing the following values 
into the horizontal PEL Panning register. . 

PEL PANNING PELS SHIFTED LEFT 
REGISTER VALUE 

09 a 
08 1 

00 2 

01 3 

02 4 

03 5 

04 6 

05 7 

06 8 

07 9 

NOTE: The character clock period control func
tions have no effect in graphics modes. 

WD90C22 

Bit 2 

Underline and Character Map Select. 
Setting this bit to 1 enables underline for all odd 
values of attribute codes, e.g., Programming 1 
gives blue underline. It overrides the background 
color function of the attribute code Bit 3, which is 
forced to o. Therefore, only eight choices of back
ground colors are available. This function allows 
trading background colors for more character 
maps. In conjunction with PR2(5), this bit is also 
decoded to enable character maps from planes 2 
or 3. See PR2(5) for details. 

Bit 1 

This bit is the third clock select line VCLK2 which 
is sent to the external clock chip if CNF(3) is set to 
1. When CNF(3) is set to 0, setting this bit locks 
the internal video clock select multiplexer. 

Bit 0 

Forces horizontal sync timing clock of the CRTC 
to VCLK. Uses VCLK when sequencer register 1 
bit 3 is set for VCLKl2. This is for compatibility 
modes that require locking the CRTC timing 
parameters. 
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5.10.4 PR3 - CRT Lock Control Register, 
ReadlWrite Port=3CF, Index = OOH 

BIT FUNCTION 

7 Lock VSYNC Polarity 

6 Lock HSYNC Polarity 

5 Lock Horizontal Timing 

4 Bit 9 Control 

3 Bit 8 Control 

2 CRT Control 

1 Lock Prevention 

0 Lock Vertical Timing 

Register locking is controlled by 4 bits. They are 
PR3 (5,1,0) and 3?5.11 (7) (Le., the IBM Vertical 
Retrace End Register Bit 7 controlled by index 
register 11). When Bit 7 is 1, CRT controller 
registers (RO-7) are write protected by VGA defini
tion. Information on the five groups, and their 
locking schemes, is provided below. 

• Group 0 
These registers are locked if PR3(S)=1 OR 
3?5.11 (7)=1. 
CRT Controller Register 00 
-Horizontal Total Characters per scan 
CRT Controller Register 01 
-Horizontal Display Enable End 
CRT Controller Register 02 
-Start Horizontal Blanking 
CRT Controller Register 03 
-End Horizontal Blanking 
CRT Controller Register 04 
-Start Horizontal Retrace 
CRT Controller Register OS 
-End Horizontal Retrace 

WD90C22 REGISTERS 

• Group 1 
These registers are locked if PR3(1)=0 AND 
3?S.11(7)=1. 
CRT Controller Register 07(Bit6) 
-Vert. Display Enable End bit 9 
CRT Controller Register 07(Bit1) 
-Vert. Display Enable End bit 8 

• Group 2 
These registers are locked if PR3(0)=1 OR 
3?S.11 (7)=1. 
CRT Controller Register 06 
- Vertical Total 
CRT Controller Register 07(Bit7) 
-Vertical Retrace Start bit 9 
CRT Controller Register 07(BitS) 
-Vertical Total bit 9 
CRT Controller Register 07(Bit3) 
-Start Vertical Blank bit 8 
CRT Controller Register 07(Bit2) 
-Vertical Retrace Start bit 8 
CRT Controller Register 07(BitO) 
-Vertical Total bit 8 

• Group 3 
These registers are locked if PR3(0)=1 . 
CRT Controller Register 09(BitS) 
-Start Vertical Blank bit 9 
CRT Controller Register 10 
-Vertical Retrace Start 
CRT Controller Register 11 [Bits(3:0)] 
-Vertical Retrace End 
CRT Controller Register 15 
-Start Vertical Blanking 
CRT Controller Register 16 
-End Vertical Blanking 

• Group 4 
This register is locked if PR3(S)=1. 
CRTC mode Control Register 17(Bit2) 
-Selects divide by two vertical timing 
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Bit7 

Lock VSYNC polarity, as programmed in 3C2 
Bit 7. 

Bit 6 

Lock HSYNC polarity, as programmed in 3C2 
Bit 6. 

Bit 5 

Lock Horizontal Timing. 
Locks CRTC registers of Group 0 and 4. 
Prevents attempt by applications software to un
lock Group 0 registers by setting 3?5.11 Bit 7=0 

Bit 4 

Bit 9 of CRT Controller Start Memory Address 
High Register 3?5.0C, and Bit 9 of Cursor Loca
tion High 3?5.0E. This bit corresponds to Charac
ter Address CA (17). 

Bit 3 

Bit 8 of CRT Controller Start Memory Address 
High Register 3?5.0C, and Bit 8 of Cursor Loca
tion High 3?5.0E. This bit corresponds to Charac
ter Address CA (16). 

Bit 2 

Cursor start, stop, preset row scan, and maximum 
scan line address register values multiplied by 
two. 

Bit 1 

1 = Prevents attempt by applications software to 
lock registers of Group 1 by its setting 3?5.11 
Bit 7=1. 

Bit 0 

Lock Vertical Timing. 
1 = Locks CRTC registers of Groups 2 and 3. 

Overrides attempt by applications software to 
unlock Group 2 registers by its setting 3?5.11 
Bit 7=0. 

WD90C22 

5.10.5 PR4- Video Control Register, 
Read/Write Port=3CF, Index = OEH 

The video monitor output control register (PR4) 
can be programmed to tri-state the CRT display 
control outputs as well as video data for the RAM
DAC, and memory control outputs. 

BIT FUNCTION 

7 BLNK / Display Enable 

6 PCLK=VCLK 

5 Tri-state Video Outputs 

4 Tri-state Memory Control Outputs 

3 Override CGA Enable Video Bit 

2 Lock Internal Palette and Overscan 
Registers 

1 EGA Compatibility 

0 Ext 256 color Shift Register Control 

Bit 7 

This bit controls the output signal BLNK. 
Normally in the VGA mode, BLNK is used by the 
external video DAC to generate blanking. If this 
bit = 1, the BLNK output supplies a display enable 
signal. One of two types of display enable timings 
can be selected; the choice is determined by 
PR15(1 ). 

Bit 6 

Select PCLK Equal to VCLK. 
o = PCLK is the inverted internal video dot clock, 

or half the dot clock frequency, depending 
upon the video mode. 

1 = PCLK is always the non-inverted VCLK input 
clock. 

Bit 5 

Tri-state the outputs VID(7:0), HSYNC, VSYNC, 
and BLNK. 
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Bit 4 

Tri-state the Memory Control Outputs. 
The memory address bus, MA(S:O), and all ten 
DRAM control signals, are tri-stated when this bit 
is set to 1. 

Bit 3 

Overrides the CGA "enable video" Bit 3 of mode 
register 3DS, only in SO by 25 alpha CGA (Non
VGA) mode. Override effectively forces this bit to 
1. Power-on-reset causes no override. 

Bit 2 

Lock Internal Palette and Overscan Registers. 

Bit 1 

EGA compatibility bit where 1 = EGA Compatible 
Mode. It disables reads to all registers which are 
writ.e-only registers in the IBM EGA. Also, 
registers at 3CO/3C1 change to write-only mode if 
the EGA compatibility bit is set. In addition to 
selecting EGA compatibility bit, setting this bit to 1 
di.sabl~s reading PRO-PR5. In VGA mode (PR(4) 
Bit 1 IS 0) 3CO register is read/write while 3C1 
register is read only, according to the Attribute 
Controller register definitions. 

Bit 0 

Shift Register Control. 
This bit configures the video shift registers for 
256-color mode. 
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5.10.6 PR5 - General Purpose Status Bits 
Read/Write Port=3CF, Index = OFH 

BIT FUNCTION 

7 Read CNF(7) Status 

6 Read CNF(6) Status 

5 Read CNF(5) Status 

4 Read CNF(4) Status 

3 Read CNF(8) Status 

2 PRO-PR4 Unlock 

1 PRO-PR4 Unlock 

0 PRO-PR4 Unlock 

Bits (2:0) are READIWRITE bits and cleared to 0 
by reset. They provide lock or unlock capability 
for PR registers PRO through PR4 like the 
PVGA 1 A. The PRO through PR4 registers are un
locke.d when "X5He.x" is written to PR5. They 
remain unlocked until any other value is written to 
PR5. This register also provides readable status 
for the configuration register Bits 4 through S. 
Setting PR(4) Bit 1 to 1 read protects registers 
PRO through PR5. 

BIT FUNCTION 

7 CNF(7) [READ ONLY] 

6 CNF(6) [READ ONLY] 

5 CNF(5) [READ ONLY] 

4 CNF(4) [READ ONLY] 

3 CNF(S) [READ ONLY] 

Bits (2:0) 

READIWRITE bits are cleared to 0 by reset. They 
control writing to PR registers PRO through PR4 
as follows: 

2 1 0 PRO-PR4 

0 X X Write Protected 

X 1 X Write Protected 

X X 0 Write Protected 
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5.10.7 PR10 Unlock PR11-PR17 
Read/Write Port = 3?5, Index = 29H 

This register is READIWRITE and cleared to 0 by 
reset. PR10 can only be read if it has 
1XXXOXXX. Bits (7,3), Bits (6:4), and Bits (2:0) 
control access to PR registers PR10 through 
PR17. Bits 7 and 3 enable register read operation 
for PR10 through PR17. Bits (6:4) may be used 
as scratch pad. Bits (2:0) enable register write 
operation for P R 11 through P R 17. 

BIT FUNCTION 

7 PRlO-PR17 - Read Enable Bit 1 

6-4 PR1 0(6:4) - Scratch Pad 

3 PR1 0-PR17 - Read Enable Bit 0 

2-0 PR11-PR17 - Write Enable 

BIT7 BIT3 PR10-PR17 

0 X Read protected, read back 
data FFH 

X 1 Read protected, read back 
data FFH 

1 0 Read Enabled 

BIT2 BIT1 BITO PR11-PR17 

0 X X Write Protected 

X 1 X Write Protected 

X X 0 Write Protected 

1 0 1 Write Enabled 

BIT6 BIT5 BIT4 PR10(6:4) 

0 X X Scratch pad 

X 1 X Scratch pad 

X X 0 Scratch pad 

1 0 1 Reserved for 
Manufacturing Test 

WD90C22 

5.10.8 PR11 EGA Switches 
Read/Write Port = 3?5, Index = 2AH 

The EGA switch configuration details are stored in 
the PR11 register bits. 

BIT FUNCTION 

7 EGASW4 

6 EGASW3 

5 EGASW2 

4 EGASW1 

3 EGA Emulation on Analog Display 

2 Lock Clock Select 

1 Lock Graphics and Sequencer 
Screen Control 

0 Lock 8/9 Character Clock 

Bits (7:4) 

EGA configuration switches SW4-SW1. These 
bits are READIWRITE and latched internally at 
power-on-reset from corresponding memory data 
bus pins MD(15:12), provided with either pull-up 
or pull-down external resistors. PULLING UP 
MD(15:12) causes PR11 (7:4) to be latched HIGH. 
These bits can be read as bit 4 of port 3C2 if the 
EGA compatibility bit [PR4(1)] has been set to 1. 
Selection of the bit to be read is determined by 
Bits 3 and 2 of the Miscellaneous Output Register 
3C2, as follows. 

WRITE READ 
3C2 bit 3 3C2 bit 2 3C2 bit 4 

0 0 PR11 (7) [=EGA SW4] 

0 1 PR11 (6) [=EGA SW3] 

1 0 PR11 (5) [=EGA SW2] 

1 1 PR11 (4) [=EGA SW1] 

PR11 Bits 3 through 0 are READIWRITE and 
cleared to 0 at power on reset. 
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Bit 3 

Select EGA Emulation on a PS/2 (VGA
compatible analog) display. 

Bit 2 

Lock Clock Select. 
This bit locks the internal video clock select multi
plexer and disables loading of an external clock 
chip through VCLK1. 

Bit 1 

Lock Graphics Controller/Sequencer Screen Con
trol. Setting PR11 (1 ).to 1 prevents modification of 
the following bits in the Graphics controller and 
Sequencer: 

Graphics controller 
Sequencer 
Sequencer 

3CF.05 bits (6:5) 
3C5.01 bits (5:2) 
3C5.03 bits (5:0) 

Although the internal functions selected by these 
graphics controller and sequencer bits are locked 
by setting PR11 bit 1 to 1, they appear unlocked 
to the system processor during a read operation. 

Bit 0 

Lock 8/9 Dots. 
Setting this bit to 1 prevents modification of clock
ing mode sequencer register 3C5.01 Bit O. Al
though 8 or 9 character timing is locked by setting 
PR11 Bit 0 to 1, the 3C5.01 Bit 0 appears unlock
ed to the system processor during reads. 
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5.10.9 PR12 Scratch Pad 
Read/Write Port = 3?5, Index = 2BH 

FUNCTION 

Scratch Pad Bits (7:0) 

Bit 7 

DAC Shut-off 
Setting this bit to 0 enables the built-in DAC as 
normal. When this bit is set to 1, the bUilt-in DAC 
is forced off. 

The data in this register is unaffected by hardware 
reset and undefined at power-up. 

5.10.10 PR13 Interlace H/2 Start 
Read/Write Port = 3?5, Index = 2C 

FUNCTION 

Interlaced H/2 Start 

The data in this register is unaffected by hardware 
reset and undefined at power-up. This register 
defines the starting horizontal character count at 
which vertical timing is clocked on alternate fields 
in interlaced operation. Interlaced operation is 
enabled by setting PR14(5) to 1. All other stand
ard non-interlaced modes are unaffected by the 
contents of this register. This register must be 
programmed with a value derived from the values 
chosen to be programmed into the Horizontal 
Retrace Start Register (3?5.04) and Horizontal 
Total Register (3?5.00). The equation is as fol
lows: 

PR13(7:0) = [HORIZONTAL RETRACE START] -
[(HORIZONTAL TOTAL + 5)/2] + HRD 

NOTE: HRD = Horizontal Retrace Delay, deter
mined by Bits 6 and 5 of the Horizontal Retrace 
End Register (3?5.05). 
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5.10.11 PR14 Interlace H/2 End 
Read/Write Port = 3?5, Index = 2DH 

Bits 4 through 0 are unaffected by hardware reset 
and undefined at power-up. Bits 7 through 5 are 
cleared to 0 by reset. 

BIT FUNCTION 

7 Enable IRQ 

6 Vertical Double Scan for EGA 
on PS/2 Display 

5 Enable Interlaced Mode 

4-0 Interlaced H/2 Start 

Bit 7 

Enable IRQ. 
This bit may be set to enable CRT interrupts to be 
generated when configured for AT BUS operation, 
allowing EGA compatibility support for interrupt
driven EGA applications. For VGA operation with 
an AT BUS, interrupts are not used, and this bit 
should be set to O. This bit should not be set to 1 
in Micro Channel operation. 

Bit 6 

Vertical Double Scan. 
This bit should be set to 1 when emulating EGA 
on a PS/2 display. Setting this bit to 1 causes the 
CRTC's Vertical Displayed line counter and row 
scan counter to be clocked by divide-by-two 
horizontal timing if vertical sync polarity (3C2 Bit 
7=0) is programmed to be positive. The relation
ship between the actual number of lines displayed 
[N] and the data [n] programmed into the Vertical 
Display Enable End register is as follows: 

N=2(n+1) 

Likewise, the relationship between the actual 
number of scan lines per character row [N] and 
the data [n] programmed in the maximum Scan 
Line register holds true. 

WD90C22 

Bit 5 

Interlaced Mode. 
Setting this bit to 1 selects interlaced mode. Inter
laced mode can be used in video modes in which 
the data programmed into the Maximum Scan 
Line Address register [3?5.09] = OXXOOOOO. 
Line compare and double scan are not supported. 

Bits (4:0) 

Interlaced H/2 End Bits (4:0). 
Add the contents of the Interlaced H/2 Start 
Register PR(13) to the horizontal sync width 
(same as defined by 3X5.04,05). Program 5 LSB 
of the sum into these bit locations. 

5.10.12 PR15 Miscellaneous Control 1 
Read/Write Port = 3?5, Index = 2EH 

BIT FUNCTION 

7 Read 46E8 Enable 

6 LowVCLK 

5 VCLK1 ,VCLK2 Latched Outputs 

4 VCLK= MCLK 

3 8514/A Interlaced Compatibility 

2 Enable Page Mode 

1 Select Display Enable 

0 Disable Border 

Bit 7 

Enable Reading Port 46E8H. 
This bit is functional only if AT BUS architecture 
[CNF(2)=1] is selected. Setting this bit to 1 
enables I/O port 46E8H to be read, regardless of 
the state of its own bits 3 and 4 and of port 102 bit 
o (sleep bit). Only bits (4:0) of port 46E8H are 
readable; bits (7:5) are O. 

ADVANCED INFORMATION 11120191 15-63 

II 



WD90C22 

Bit 6 

LowVCLK. 
Setting this bit to 1 adjusts the memory timing to 
allow use of a video clock (VCLK) frequency 
which is much lower than the memory clock 
(MCLK) frequency. This bit should be set to 1 if 
the following expression is satisfied: 

(MCLK in MHZ) I (VCLK in MHZ) >2 

Bit 5 

Latched VCLK1 and VCLK2. 
This bit is used only if CNF(3) = 1 (which con
figures the VCLK1 and VCLK2 pins as outputs). 
Setting this bit to 1 causes outputs VCLK1 and 
VCLK2 to equal Bits 2 and 3 of I/O write register 
(Miscellaneous output register) at 3C2H, respec
tively. 

Bit 4 

Select MCLK as Video Clock. 
Setting this bit to 1 causes the MCLK input to be 
selected for the source of all video timing. The 
other three VCLK inputs cannot be selected when 
this bit is set. 

Bit 3 

Interlaced Compatibility. 
This bit should be used only if interlaced mode is 
selected (see PR14). This bit should be set to 1 if 
exact timing emulation of the IBM 8514/A's inter
laced video timing is required. Setting this bit to 1 
causes vertical sync to be generated from the 
trailing edge of non-skewed horizontal sync, in
stead of leading edge, as generated for VGA 
timing. 

Setting this bit to 1 also removes two VCLK 
delays from the default VGA video dot path delay 
chain. 

Bit 2 

Select Page Mode Addressing. 
Setting this bit to 1 forces screen refresh memory 
read cycles to use page mode addressing in 
alpha modes. Page mode addressing is automat
ically used in the graphics modes. Page mode 
addressing requires less time than RAS-CAS ad
dressing; therefore, selecting page mode ad
dressing increases the bandwidth for the CPU to 
access video memory (by 30-40%). Set this bit to 
1 if 132 character mode timing is selected (see 
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description of PR2). Setting this bit to any alpha 
mode overrides the character map select func
tions of PR2(2) and PR2(5). When this bit is set to 
1, it redefines the Character Map Select Register 
(3C5.03). One of eight, 8 Kbyte memory seg
ments containing a pair of maps in Plane 2 or 
Plane 3 is addressed by bits (2:0) of this register, 
while the map selection is determined by the bits 
(4:3). A pair of adjacent 8 Kbyte character maps 
in planes 2 and 3 (adjacent in the sense that they 
have the same addressing), may be selected by 
Bit 3 of the attribute code. 

The Character attribute Bit 3, in conjunction with 
bits 3 and 4 of the Character Map Select register 
(3C5.03), determine a character map from either 
Plane 2 or Plane 3 as shown by the table below. 

3C5.03 3C5.03 AIT PLANE 
BIT4 BIT3 BIT3 SELECT 

0 0 X 2 

1 1 X 3 

1 0 0 2 

1 0 1 3 

0 1 0 3 

0 1 1 2 

NOTE: The above Character Map Select func
tions override the functions of PR2(5) and PR2(2). 

This bit must be set to 1 before loading the char
acter maps into the video DRAM, because the 
addressing of the page mode character maps dif
fers from the addressing of the default, non-page 
mode. However, setting this bit to 1 internally 
redirects all necessary addreSSing to make load
ing the character maps the same, whether in page 
mode or non-page mode. 
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Bit 1 

Display Enable Timing Select. 
This bit is used to choose between two types of 
Display Enable timings available at output pin 
BLNKN if PR4(7)=1. If PR4(7)=0, this bit has no 
effect. 
0= BLNKN supplies Pre-Display Enable. Pre

Display Enable timing precedes active video 
by one dot clock. 

1 = BLNKN supplies Display Enable. The display 
enable timing coincides with active video 
timing. 

Bit 0 

Disable Border. 
Setting this bit to 1 forces the video outputs to 0 
during the interval when border (overscan) color 
would be active. 

5.10.13 PR16 Miscellaneous Control 2 
Read/Write Port = 3?5, Index = 2FH 

BIT FUNCTION 

7 External Register 46E8H Lock 

6 CRTC Address Count Width Bit 1 

5 CRTC Address Count Width Bit 0 

4 CRTC Address Counter Offset Bit 1 

3 CRTC Address Counter Offset Bit 0 

2 Enable Odd/Even Page Bit 

1 VGA Mapping Enable 

0 Lock RAMDAC Write Strobe 

Bit (7) 

Lock External 46E8H Register. 
Setting this bit to 1 causes EBROMN output to be 
forced high (inactive) during I/O writes to port 
46E8H. This bit has no effect on loading the inter
nal port 46E8H. 

Bit (6:5) 

CRTC Address Counter Width. 
Power-on-reset clears these bits to o. These two 
bits determine the modulus of the CRT controller's 
address counter, allowing its count width to be 
limited to 64 Kbyte or 128 Kbyte locations (Byte, 
Word, Double word). These bits may be used in 
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virtual VGAapplications containing 512 Kbyte or 
1024 Kbyte of video memory in which the CRT 
controller is limited to only 64 Kbyte or 128 Kbyte 
locations. Bit PR16(6) should be set to 1 to en
sure that the VGA and EGA compatible operation 
of the address counter is limited to 64 Kbyte loca
tions. The following table shows details: 

PR16(6) PR16(5) COUNT WIDTH 

0 0 256 Kbyte 

0 1 128 Kbyte 

1 X 64 Kbyte 

Bit (4:3) 

CRTC Address Counter Offset. 
Bits 4 and 3 are summed with the CRT Control
ler's Address Counter bits CA(17) and CA(16), 
respectively. The 2-bit result defines the starting 
location of the displayed video buffer at one of the 
four 64 Kbyte boundaries. 

Bit 2 

Enable Page Bit for Odd/Even. 
This bit affects addressing of memory by the sys
tem processor, if chain 2 (Odd/Even) has been 
selected by setting 3CF.06(1) to 1, setting 
3C5.04(1) to 1, selecting extended memory, and 
setting 3C5.04(3) to 0 to deselect chain 4 ad
dressing. It enables the "Page Bit for Odd/Even" 
[3C2(5)] to select between two pages of memory, 
by controlling video RAM address 0, regardless of 
the Memory Size bits PR1 (7:6). 

Bit 1 

VGA Memory Mapping. 
Setting this bit to 1 selects 256 Kbyte IBM VGA 
Mapping, regardless of the Memory Size bits 
PR1 (7:6). 

Bit 0 

Lock RAMDAC Write Strobe (3C6H - 3C9H). 
Programming this bit to 1 causes output WPLTN 
to be forced to 1, disabling I/O writes to the video 
DAC registers. The DAC state register, located 
inside the WD90C22, is also protected from the 
modification but may still be read at the port • 
3C7h. For normal operation, program this bit to o. 
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5.10.14 PR17 Miscellaneous Control 3 
Read/Write Port = 3?5, Index = 30 

This 2-bit register can be loaded only if PR10 
(3?5.29) contains XXXXX101. It can be read 
only if PR10 contains 1 XXXOXXX, and if both 
PR1 B (7:5) is not 101 and PR30 (6:4) is not 011. 

BIT 
(7:2) 

1 
0 

Bit (7:2) 

Reserved. 

Bit 1 

FUNCTION 
Reserved 
MDA Compatibility 
Map Out 2 Kbyte From BIOS ROM 

MDA Compatibility Enable Bit. 
Setting this bit to 1 enables MDA compatibility 
which will: 

1. Disable 110 write to Hercules register 3BF. 

2. Force Bit 7 of 3BA to 1. 

I 

i 
I 

I 

3. Select underline decode of attribute XXXXX001 
(if this bit is 0, underline decode is XOOOX001). 

Reset sets this bit to O. 

Bit 0 

Map Out 2 Kbyte of BIOS ROM. 
Setting this bit to 1 disables access of the BIOS 
ROM in the system address range C6000H -
C67FFH. Power-on-reset sets this bit to 1. Clear
ing this bit to 0 enables access to all 32 Kbyte 
addresses of the BIOS ROM from CCOOOH _. 
C7FFFH. 
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5.10.15 PR18 Flat Panel Status Register 
Read Write Port = 3?5, Index = 31 

Bit 7 

Reserved. 

Bit 6 
Enable Free Running Clock for Plasma or TFT 
Panel. 
o = Disable free running. 
1 = Enable free running. 

Bit 5 

Enable 256 Kbyte Colors in STN Color LCD. 
o = Select 4 Kbyte colors. 
1 = Select 256 Kbyte colors. 

Bit 4 

Enable Reverse Video in Flat Panel Mode. 
This bit is used to reverse the polarity of video 
output data UD(3:0) and LD (3:0). 

If PR18 (4)= 0, then only normal video 
displayed 
If PR18 (4) = 1, then reverse video is 
displayed 
in both text and graphics modes. 

PR39 (3) PR18 (4) TEXT GRAPHICS 

X 0 Normal Normal 
0 1 Reverse Reverse 
1 1 Reverse Normal 

Bit 3 

Enable Highest Contrast Intensity in Text Mode. 
0= Disable. 
1 = Enable. 
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Bit 2 

TFT Color LCD Select. 
This bit is not readable. 
o = Disable TFT type color LCD panel interface. 
1 = Enable TFT type color LCD panel interface. 

Bit(1 :0) 

Panel Select Bit 1 and Bit o. 
These two bits are used to select different sets of 
parameters which will be loaded into the CRT 
controller. The parameters should be locked after 
loading. 

PSB (1) PSB(O) PANEL TYPE 

0 0 Dual Panel LCD Display 

0 1 Plasma Display 

1 0 EL Display 

1 1 Single Panel LCD Dis-
play 

PR18(1) PR18(0) PR19(5) 

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 
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5.10.16 PR19 Flat Panel Control Register, 
Read/Write Port = 3?5, Index 32 

BIT 

7 

6 

5 

4 

3 

2 

(1 :0) 

Bit 7 

Reserved 

Bit 6 

FUNCTION 

Reserved 

FP Timing Select 

CRT Display Enable 

Flat Panel Display Enable 

Screen Autocentering/ 
Vertical Expansion Select 
Enable Autocentering and 
Vertical Expansion 
Adjustment of HSYNC Timing 

FP Timing Select. 
This bit is used to select two different frame pulse 
(FP) timings for different LCD panels. 
o = Select ON time during first horizontal line. 
1 = Select ON time during second horizontal line. 

Bit 5 

CRT Display Enable. 
This bit enables CRT to be the display device. 
o = Disable CRT display. 
1 = Enable CRT display. 

NOTE: Upon hardware reset, PR19 (5) =1. 

PR19(4) CRT Controller (Timing) 

1 Based on LCD 

0 Based on CRT 

1 Based on Plasma 

0 Based on CRT 

1 Based on EL 

0 Based on CRT 

ADVANCED INFORMATION 11120191 15-67 

II 



WD90C22 

Bit4 
Flat Panel Display Enable. 
This bit enables the fiat panel as the display 
device. 
o = Disable Flat Panel display. 
1 = Enable Flat Panel display. 

Notes: 
1. Upon hardware reset, PR19 (4) = o. 
2. When the flat panel display is not enabled, the 

outputs UD (3:0) and LD (3:0) are active and 
may be used as the pixel address to drive an 
external RAMDAC. 

3. For simultaneous display of CRT and certain 
flat panel, set PR19 (5:4) = 11. In this case, 
the display is locked in 8-dot clock mode and 
the output -LCD/CRT = O. The following flat 
panel may be displayed simultaneously with a 
CRT: plasma, TFT LCD, and color STN LCD. 

Bit 3 
Screen Auto CenteringlVertical Expansion Select. 
o = Auto-centering (default). 
1 = Reserved for Vertical Expansion (set to 0). 

Bit 2 

Enable Auto-Centering and Vertical Expansion. 
o = Disable (default). 
1 = Enable. 

NOTE: This is used only for pulse wave modula
tion on the LCD panel. 

Bit (1 :0) 

Adjustment of HSYNC timing. 

PR19(7), PR19(1), and PR19(O) are used to 
select number of VCLK delays to adjust the 
HSYNC timing. 

PR19(7) PR19(1) PR19(0) Number of 
VCLKDeiay 

0 0 0 No Delay 
0 0 1 1 
0 1 0 2 
0 1 1 3 
1 0 0 4 
i 0 1 5 
1 1 0 6 
1 1 1 7 
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5.10.17 PR1A Flat Panel Control II Register, 
Read/Write Port 3?5, Index = 33 

BIT FUNCTION 

(7:6) Select IOCHRDY Release Timing in 
CPU Memory Read Cycle 

(5:4) Select lOCH ROY Release Timing in 
CPU Memory Write Cycle 

3 Enable CGA Color to Gray Scale Ad-
iustment 

2 Shading Method Select 

1 Select Number of Memory Refresh 
Cycles 

0 Select Memory Refresh Cycles Con-
trol 

Bit(7:S) 

Select IOCHRDY Release Timing in CPU Memory 
Read Cycle. 

BIT7 BITS RELEASE TIMING 

0 0 1 MCLK delay before 
CPU complete read 
cycle 

0 1 2 MCLK delay before 
CPU complete read 
cvcle 

1 0 3 MCLK delay before 
CPU complete read 
cycle 

1 1 4 MCLK delay before 
CPU complete read 
cycle 
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Bit (5:4) 

Select 10CHRDY Release Timing in CPU Memory 
Write Cycle 

BIT5 BIT4 RELEASE TIMING 

0 0 1 MCLK delay before 
CPU completes write 
cycle 

0 1 2 MCLK delay after 
CPU wins arbitration 

1 0 3 MCLK delay after 
CPU wins arbitration 

1 1 4 MCLK delay after 
CPU wins arbitration 

Bit 3 

Enable CGA Color to Gray Scale Adjustment. 
This bit is used to add adjustment of weighting 
equation in CGA mode to get 16 different gray 
scale codes. 
0= Disable. 
1 = Enable. 

NOTE: For VGA, bit should be set to O. 

Bit 2 

Shading Method Select. 
o = Frame rate modulation (default). 
1 = Pulse width modulation. 

Bit 1 

Select Number of Memory Refresh Cycles. 
o = Select 1 refresh cycle/horizontal line. 
1 = Select 2 refresh cycles/horizontal line. 

Bit 0 

Select Memory Refresh Cycles Control. 
o = Memory refresh cycles controlled by CRT 

controller. 
1 = Memory refresh cycles controlled by PR1 A(1). 
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5.10.18 PR1 B Flat Panel Unlock Register, 
Read/Write Port 3?5, Index = 34 

This register is used to protect PR18, PR19, 
PR1 A, PR 30, PR36 through PR41, and PR44 
from being read from or written into. In order to 
unprotect (read or write) the above registers, 
PR1 B must be first loaded with 101 XXXXX. The 
above registers remain unprotected until another 
value is written into PR1 B. 

PR1 B is also used to lock all Shadow registers. 
To unlock the Shadow registers, PR1 B must be 
loaded first with XXXXX110; all Shadow registers 
remain unlocked until another value is written to 
the PR1 B register. 

Upon hardware reset, PR1 B is initialized to 
101XX110, and the Shadow registers PR18, 
PR19, PR1A, PR30, PR36 through PR41, and 
PR44 are unprotected. 

5.10.19 PR30 Mapping RAM Unlock Register, 
Read/Write Port = 3?5, Index = 35 

This register is used to protect mapping RAM 
registers (PR33 through PR35) from being ac
cessed. In order to read or write to these 
registers, PR30 must be loaded first with 
X011 XXXX; all mapping RAM registers remain 
unlocked until another value is written to the PR30 
register. 

5.10.20 PR33 Mapping RAM Address Counter 
Register, Read/Write Port = 3?5, 
Index = 38 

This register is used to select the RAM ADDRESS 
COUNTER register. 

NOTE: Any I/O Read or Write to the I/O port 
3?5.39H (Mapping RAM Data register) will incre
ment the Mapping RAM Address Counter by one. 

5.10.21 PR34 Mapping RAM Data Register, 
Read/Write Port = 3?5, Index = 39 

This register is used to select the RAM data 
register for memory read or memory write . 
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MCLK+---t-t 

~I-----------~ 

~~~~~~~mm 
~-----~-,-~CAS 

SYSTEM POWER DOWN MODE (SLEEP) 

A. RAMDAC is off. 

B. Clock inputs are turned off as they enter 
the chip. 

C. CAS before RAS video memory refresh is 
generated from REFRESH input. 

D. Neither video memory or 1/0 can be 
accessed in this mode. 

E. RAMDAC and Mapping RAM contents are 
lost and must be reloaded to resume. 

MCLK~r-----;~ 

I--I-_~MCK 

VCLK ..,.--------.. 1 

I--t-..... VCK 

REFFfE]H-f--------~~ 

~ L. __ ~ ________ ~~~CAS 

DISPLAY IDLE MODE (SUSPEND/RESUME) 

A. RAMDAC is off. 
B. MCLK and VCLK are divided by 8. 

C. Refresh is CAS before RAS and generated by 
liEFl'iESR input. 

D. 1/0 is accessable and memory is Q2! accessable. 
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MCLK-I--r-ot MCK 

VCLK -I-r-l-.! VCK 

mm 
L-~~~~~:r~C!@ 

GENERAL POWER DOWN MODE 
(EXTERNAL CLOCK) 

A. RAMDAC is off. 
B. MCLK and VCLK are .not modified; their 

speed is reduced by system resources. 
C. Refresh cycles triggered by PR44 may 

be RAS only or CAS before RAS. 
D. Video memory and 1/0 are accessable. 

MCLK 10---------.1 
I......,t-..... MCK 

VCLK~----------'I 

I-It-..... VCK 

mm 
L.~ ________ ~~~CIm 

GENERAL POWER DOWN MODE 
(INTERNAL CLOCK) 

A. RAMDAC is off. 
B. MCLK and VCLK are divided by 8. 
C. Refresh cycles triggered by PR44 may be RAS 

only or CAS before RAS. PR44 can be RAS only. 
D. Video memory and 1/0 are accessable. 

FIGURE 5-1. SYSTEM POWER-DOWN MODE DISPLAY IDLE MODE 
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PR44(7) PR35(7) PR35(6) 

0 1 X 

0 0 X 

1 X 0 

1 X 1 

5.10.22 PR35 Mapping RAM and Power-Down 
Control Register, 
Read/Write Port = 315, Index = 3A 

BIT FUNCTION 

i Select System Power-Down Mode/ 
Display Idle Mode 

61 Select Internal Divided By 8 Clock to 
Control General Power-Down Mode 

51 Host Release Control 

41 Reserved; set to 1. 

31 Select 64 Gray Scale Levels 
21 Enable CAS before RAS Memory 

Refresh Cycle 

1 Enable Weighting Equation 

0 Reserved; set to 1. 

1 Readable only when PR30=X011XXXX. 
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MODE 

System Power-Down Mode: MCLK and VCLK 
are turned off. Video memory refresh is 
generated from PDREF. Neither memory nor 
I/O can be accessed. RAMDAC and Mapping 
RAM must be reloaded. 
Display Idle Mode: MCLK and VCLK are 
divided by 8 before being distributed across 
the chip. Video memory refresh is generated 
from PDREF. Only I/O can be accessed. 
General Power-Down (External Clock Used): 
MCLK and VCLK inputs are used to drive the 
chip. The assumption is made that MCLK and 
VCLK have been reduced by some other part 
of the system. The video memory refresh 
period is readjusted for the slower clock by 
PR44(6:0). Both memory and I/O can be ac-
cessed. 
General Power-Down (Internal Clock Used): 
MCLK and VCLK inputs are divided by 8 
before being distributed across the chip. The 
video memory refresh period is readjusted for 
the slower clock by PR44(6:0). Both memory 
and I/O can be accessed. 

Bit 7 

Select System Power-Down Mode/display Idle 
Mode. Refer to Figure 5-1. This bit is not 
readable. 
0= Display idle mode (default). 
1 = System power-down mode; MCLK and VCLK 

turned off. 

Bit 6 
Select Internal Divided by 8 Clock to Control 
General Power-Down Mode. This bit is active 
only when PR44(7) is set at 1. This bit is not 
readable. 
o = Disable internal clock. 
1 = Enable internal clock; clock is divided by 8. 

Bit 5 

Host Release Control. 
This bit is designed to allow another VGA control
ler in the I/O bus. When PR35(5) is set to 1 and 
PDOWN input is set to 0, the WD90C22 will not 
respond to any CPU memory or I/O accesses. All 
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output buffers of the system interface are turned 
off (tristate). 

This bit is used to turn the IBM VGA weighting 
equation on and off in either color mode or 
monochrome mode. 

There are four power-down modes. The following 
conditions are true in each powerdown mode. 

o = Disable weighting equation. 
1 = Enable weighting equation. 

1. Video memory is maintained. 
2. RAMDAC outputs are turned off. 

Bit 0 3. Panel outputs are turned off. 
Reserved. This bit is set at 1 . 

Bit 4 

Reserved. This bit is set at 1. 5.10.23 PR36 Panel Height Select Register, 
Read/Write Port = 3?5, Index = 3B 

Bit 3 

Select 64 Gray Scale Levels 
o = Select disabled; select 32 gray scale levels. 
1= Select enabled; select 64 gray scale levels. 

This register is loaded with the height, less 1, of a 
single panel. This information is used to calculate 
auto-centering, vertical expansion, and related 
values. In a 640 by 480 dual panel display, this 
register should be loaded with "EF". (480/2)-1 = 
23910 = EFH. In a 640 by 400 dual panel display, 
the equation is: (400/2)-1 = 19910 = C7H. Bit 2 

Enable CAS before RAS Memory Refresh Cycle. 
o = RAS only refresh cycle (default). 5.10.24 PR37 Flat Panel Blinking Control, 
1 = CAS before RAS refresh cycle. Read/Write Port = 3?5, Index = 3C 

Bit 1 

Enable Weighting Equation. 

Bit 2 1 0 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 

Bit 5 4 3 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 

Bit 6 

0 
1 

Bit ., 
0 
1 

15-72 

This register is used to select cursor or character 
blinking rate on flat panels. In CRT mode, this 
register is ignored. 

CURSOR BLINKING RATE SELECT 
No cursor blinking 
8 frames (8 on, 8 off) 
16 frames (16 on, 16 off) 
32 frames 
64 frames 
128 frames 
CHARACTER BLINKING RATE SELECT 
No cursor blinking 
8 frames (8 on, 8 off) 
16 frames (16 on, 16 off) 
32 frames 
64 frames 
128 frames 
PLASMA SHIFT CLOCK SELECT 

Select falling edge of the clock to latch data 
Select rising edge of the clock to latch data 
LCD LP SIGNAL SELECT 
LP will be disabled during vertical blanking period 
LP will be generated continuously during vertical blanking period 
(SCLK will be turned off) 
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5.10.25 PR39 Color LCD Control Register, 
Read/Write Port = 3?5, Index = 3E 

This register is used to support color LCD panel. 

BIT FUNCTION 

7 Enable Border LP Control 

6 Color LCD Panel Border Select 

5 Enable Color LCD Panel 

4 Reserved 

3 Enable Reverse Video 

2 Reserved 

1 Reserved 

0 Reserved 

Bit 7 

Enable Border LP Control. 
This bit is used to generate a special LP pulse to 
latch border information (black or white). 
o = Disable LP border control. 
1 = Enable LP border control. 

Bit 6 

Color LCD Panel Border Select. 
o = Select black border. 
1 = Select white border. 

Bit 5 

Enable Color LCD Panel. 
This bit is used to select monochrome LCD or 
color LCD. 
o = Disable color LCD panel select. 
1 = Enable color LCD panel select. 

Bit 4 

Reserved. 

Bit 3 

Enable Reverse Video. 
See PR18 (4) 

Bit(2:0) 

Reserved. 

WD90C22 

5.10.26 PR41 Vertical Expansion Initial 
Value Register, 
Read/Write Port = 3?5, Index = 37 

Reserved. 

5.10.27 PR42 - PR43 Unlock Register, 
Write Only Port = 3C5, Index = 06 

This register locks the PR VGA Status register. In 
order to read/write to the PR VGA status register 
(PR43), PR42 must be loaded first with 
X1 X01 XXX; PR43 will remain unlocked until 
another value is written to PR42. 
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5.10.28 PR43 PR VGA Status Register, 
Read/Write Port = 3C5, Index = 07 

This register is used to indicate the current status 
of the PR VGA chip and to enhance programming 
compatibility. 

BIT FUNCTION 

(7:4) ReadlWrite Scratch Pad Bits 

3 Color/Monochrome Emulation Status 

2 Mode Type 

1 EGA Compatibility Set 

a Display Type 

Bit(7:4) 

ReadlWrite Sctatch Pad Bits. 
These four bits are available for temporary data 
storage. 

Bit 3 

Color/Monochrome Emulation Status. 
Read only, Bit 0, of Miscellaneous Output register 
(3C2). 
a = Monochrome emulation is enabled. 
1 = Color graphic emulation is enabled. 

Bit 2 

Mode Type. 
Read only, Bit 6 of PR2. 
a = Either VGA or EGA mode is enabled. 
1 = Non-VGA and non-EGA modes are enabled. 

Bit 1 

EGA Compatibility Set. 
Read only of PR4, Bit 1. 
a = EGA compatibility is disabled. 
1 = EGA compatibility and the ability to read 
PRO - PR5 registers are enabled. 

Bit 0 

Display Type. 
Read only of PR5, Bit 3. 
a = Analog (VGA-compatible) display is attached. 
1 = TTL (EGA-compatible) display is attached. 
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5.10.29 PR44 Powerdown Memory Refresh 
Control Register, 
Read/Write Port = 3?5, Index = 3F 

This register controls two power saving features 
when in the general powerdown modes. Bit 7 is 
used with PR35(7:6) to determine which power
down mode is to be used. With some powerdown 
modes, the clocks used to refresh memory are 
slowed or stopped. This is done because the 
power consumption of the CMOS chip is propor
tional to its clock frequency. PR44(6:0) are 
loaded with a value that modifies the video 
memory refresh period during power down. 

BIT FUNCTION 

7 General Powerdown Mode Enable 

(6:0) Memory Refresh Cycle Period 

Bit 7 

General Powerdown Mode Enable Bit. 
This bit enables general powerdown mode. 
a = Disables general powerdown. 
1 = Enables general powerdown. 

Bit(6:0) 

Memory Refresh Cycle Period. 
These bits are loaded with the value Z, which is 
used to determine the refresh period when 
general power down mode is used. Refresh 
period = VCLK x B x (Z+5). For example, as
sume: 

1. Two memory refresh cycles are selected 
during horizontal blanking period in Flat Panel 
display mode. 

2. Each horizontal line has 96 character clocks. 
3. MCLK = 36 MHz, VCLK = 25 MHz. 
4. PR44 = BEH. 

When in powerdown mode, POWRDN = 0, 
MCLK = VCLK = 5 MHz. 

1. Z = 14. 
2. Refresh Cycle = 200 ns x B x (14 + 5). 
3. Maximum Refresh Period = 200 ns x B x (14 

+ 5 - 7) = 19.2I1S. 
4. Refresh Active Time = MCLK x 9 x 2 (cycle) 

= 200 ns x 9 x 2 = 3.6I1S. 
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5.11 INTERNAL I/O PORTS 

5.11.1 AT Mode, Write Only Port 46E8H 
(Also at Port 56E8H, 66E8H, 76E8H) 

BIT 

7-5 

4 

3 

2-0 

Bit(7:5) 

Unused. 

Bit 4 

Setup. 

FUNCTION 

Unused 

Setup 

Enable I/O & Memory 

External BIOS ROM Page Select 

Puts WD90C22 into setup mode where only I/O 
port 102H is accessible. 

Bit 3 

I/O and Memory Accesses. 
o = Disable I/O and memory accesses. 
1 = Enable I/O and memory accesses. 

Bit(2:0) 

Unused Internally. 
Used for BIOS ROM Page select. On I/O acces
ses to 46E8H, EBROMN becomes I/O write 
strobe for external implementation of BIOS ROM 
page mapping. Bits (2:0) are latched data bits to 
define 4 Kbyte pages on BIOS ROM. The exter
nal mapping logic affects the three most sig
nificant bits of address applied to the BIOS ROM. 
The ROM can, therefore, be thought of as consist
ing of eight, 4 Kbyte pages. External circuitry is 
required to implement the BIOS ROM page selec
tion using bits 02:00. 

WD90C22 

5.11.2 Setup Mode Video Enable, 
(AT and Micro Channel Modes) 
Read/Write Port = 102H 
(XXXX XXXX XXXX X010B) 

BIT 

7 - 1 

0 

Bit(7:1 ) 

Unused. 

Bit 0 

FUNCTION 

Unused 

Wakeup VGA 

Wakeup VGA for I/O and Memory Accesses. 
Only lower 3 address bits are decoded for this 
port and WD90C22 must be in SETUP mode. 
VGA Enable Sleep bit or Programmable Option 
Select (PaS) register 102H bit 0 is used to 
awaken the WD90C22 after power on in MCA and 
AT mode. To enter the set up mode in AT bus 
applications, bit 4 of the partially decoded internal 
I/O port 46E8H is set to 1 before accessing. the 
I/O port 102H. In MCA mode, when the 
CDSETUP (ALE) signal pin is active low, the 
WD90C22 is in setup mode and port 102H can be 
accessed. 
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5.12 VIDEO RAMDAC PORTS 

The WD90C22 incorporates a complete Micro 
Channel-compatible RAMDAC, as well as the 
ability to support an optional external RAMDAC. 
Selection of the internal or external RAMDAC op
tion is based on the state of the VREF pin when 
reset is de-asserted. 

Data from the internal RAMDAC is always written 
to the data bus, even when the internal RAMDAC 
is configured for use with external RAMDAC. 
RPLT may be used as a gate to send data from 
an external RAMDAC to the data bus. 

There are four operation modes for the built-in 
video RAMDAC: 
- Palette Read Mode 
- Palette Write Mode 
- PEL Mask Mode 
- Palette Status Mode 

Which mode is activated depends on two condi
tions: 1) which I/O port is being addressed, and 
2) whether a host write or a host read is being 
executed. 

In other words, the registers, albeit at the same 
I/O port, may have different meanings, depending 
on the mode in which the color palette is being 
accessed. Specifically, the register at 03C7 may 
contain either PEL address or palette status, 
depending on whether the access is a read or 
write operation. 

When in the Palette Read Mode, the PEL address 
is to be written into the 03C7 port. The data can 
then be read out through the SD bus by three 
successive read operations from the 03C9 port. 

When in the Palette Write Mode, the PEL address 
is to be written into the 03C8 port. The data can 
then be written into the palette through the SD 

DAC TYPE 
ADDRESS 

3C6H ReadlWrite 

3C7H ReadlWrite 

3C8H ReadlWrite 

3C9H ReadlWrite 
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bus by three successive write operations into the 
03C9 port. 

During either Palette Read or Palette Write mode, 
the 03C7 port can be read to obtain the contents 
of the Palette Status Register. Please see below 
for more detail on the palette register. 

5.12.1 PEL Mask Register, 
Read/Write Port = 03C6 

The 8-bit PEL Mask Register, along with the eight 
bits of color information from the combination of 
the attribute controller and the color select 
register, are ANDed together and become the 
index into the color lookup table of the RAMDAC 
during display refresh. The contents of this 
register have no effect on host access to the 
lookup table. The host may access this register at 
any time without disturbing the contents of the 
lookup table. The contents of this register are un
defined after reset. 

5.12.2 Palette Status Register/ 
Palette-Read-Mode 
PEL Address Register 
Read/Write Port = 03C7 

Palette Status Register (as a Read Port): 
The Palette Status Register can be accessed by 
reading the 03C7 port (read only). Bits 0 and 1 of 
this register indicate whether the last active 
operation to the DAC was in Palette Read Mode 
or in Palette Write Mode. These bits are both 0 if 
a host write into the port 03C7 is more recent than 
a host write into the port 03C8. They are both 1 if 
a host write into the port 03C8 is more recent than 
a host write into the port 03C7. 

Palette-Read-Mode PEL Address Register (as a 
Write Port): 

REGISTER NAME 

PEL Mask 

When written: PEL Address (Read 
Mode); When read: Palette Status 
PEL Address (Write Mode) 

PEL Data Port 

15-76 ADVANCED INFORMATION 11120191 



WD90C22 REGISTERS 

The host reads data from the color palette RAM 
by first writing the index of the first location to be 
read into this PEL Address Register (write only). 
When this is done, the RAMDAC loads the RAM 
data specified by the index into an 18-bit holding 
register. The contents of this 18-bit register are 
read out via three reads from the PEL Data Port. 
The data read during these reads consists of six 
bits of color information packaged into the six 
least significant bits of the port. The two most 
significant bits of data during these reads are set 
to zero. The color information is delivered in the 
sequence: read, green, blue. After the three read 
cycles have completed, the contents of the PEL 
address register are automatically incremented by 
one. In this way, sequential locations can Qe read 
by sets of three reads from the PEL Data Port, 
03C9. 

5.12.3 Pallette-Write-Mode 
PEL Address Register 
Read/Write Port = 03C8 

The host writes data from the color palette RAM 
by first writing the index of the first location to be 
written into this register. Completed PEL data to 
be written is then loaded into an 18-bit holding 
register via three writes to the PEL. Data Po~t. 
This is accomplished by concatenating the SIX 
least significant bits of the data from the three 
writes. The color information is extracted in the 
sequence: red, green, blue. When this is done, 
the RAMDAC loads the contents of the holding 
register into the palette RAM location indexed by 
the contents of the PEL Address (write mode) 
register. After the data has been transferred to 
the RAM, the contents of the PEL address 
register are automatically incremented by ?ne. In 
this way, sequential locations can be wntten by 
sets of three writes to the PEL Data Port. 

5.12.4 PEL Data ReadIWrite Port = 03C9 

This port is used to transfer 6-bit PEL data values 
to and from the palette RAM. The 18-bit palette 
locations are transferred in the order: red, green, 
blue. 
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5.13 WD90C22 CONFIGURATION BITS, 
CNF 

The configuration register, CNF, is not a physical 
register, but a convenient way to refere~ce the 
state of the video memory data lines which are 
latched at reset. These data lines-for the sake of 
convenience, collectively called the configuration 
register CNF- provide setup parameters to 
various areas on the chip. 

When the WD90C22 is reset, it latches the state 
of the video memory data lines. This data 
provides setup parameters to various ar~as. ~f the 
chip. In order to easily reference these Indl~ldual 
bits, we collectively refer to them as the configura
tion register, (CNF). Only fifteen data lines are 
used in the WD90C22; and data line MD10 is not 
used. 

CNF (11) 

Color/Mono LCD Panel Select. 
This bit is latched internally at power-on-reset 
from corresponding memory data bus pin MD(15), 
provided with either pull-up or pull-down external 
resistors. This bit is read from PR11 (7), I/O port 
3?5.2A bit 7. This bit is affected by writing to 
3?5.2A. Pulling up MD(15) causes CNF(11) to be 
latched high. 

o = Monochrome LCD panels. 
1 = Color LCD panels. 

CNF (10:9) 

Panel Select Bits. 
These bits are latched internally at power-on-reset 
from corresponding memory data bus pins 
MD(9:8), provided with either pull up or pull down 
external resistors. They are read only at I/O port 
3?5.31 as bits 1 :0 and are unaffected by writing to 
3?5.31. Pulling up MD(9:8) data bus pin causes 
CNF (10:9) to be latched high. 

CNF(10) CNF(9) DISPLAY TYPE 

0 0 Dual Panel LCD 
Displav 

0 1 Plasma Display 

1 0 EL Display 

1 1 Single Panel LCD 
Displav 
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CNF (8) 

Analog/TIL Display Status Bit. 
Bit CNF(8) is latched internally at power-on-reset 
from memory data bus pin MD(11), provided with 
either a pull-up or pull-down external resistor. Pull
ing up MD(11) causes CNF(8) to be latched low. 
This bit controls no internal functions and is read 
only as Bit 3 of PRS (3CF.OF). CNF(8) is unaf
fected by writing to PRS (3CF.OF). 

0= Analog (VGA - compatible) display is 
attached. 

1 = TIL (EGA-compatible) display is attached. 

CNF (7:4) 

General Purpose Status Bits. 
Bits CNF (7:4) are latched internally at power-on
reset from corresponding memory data bus pins 
MD (7:4), provided with either pull-up or pull-down 
external resistors. These are read only bits at PRS 
(3CF.OF) positions (7:4). They are unaffected by 
writing to PRS(3CF.OF). Pulling up MD (7:4) 
causes CNF (7:4) to be latched low. 

CNF (3) 

Video Clock Source Control. 

This bit cannot be written to or read as I/O port. 
Pulling up MD (3) causes CNF(3) to be latched 
high. It configures WD90C22 pins VCLK1 and 
VCLK2 as inputs or outputs. 

0= For inputs. 
1 = For outputs. 

When used as inputs, these pins supply alternate 
video dot clocks. Selection of the dot clock is by 
an internal multiplexor. When used as outputs, 
VCLK1 supplies an active low load pulse for an 
external clock chip during I/O writes to port 3C2H. 
This load pulse may be inhibited by setting 
PR11 (2)=1. VCLK2 becomes a third clock select 
input to the external clock chip, which supplies 
multiple dot clock frequencies to the VCLKO input. 
VCLK1 and VCLK2 outputs are equal to Bits 2 
and 3 of the Miscellaneous output register at 
3C2H, respectively, when PR1S Bit S is set to 1. 

WD90C22 REGISTERS 

CNF (2) 

Bus Architecture Select. 
This bit cannot be written to or read as 1/0. Pulling 
up MD(2) causes CNF(2) to be latched high. 
o = Micro Channel architecture. 
1 = AT BUS architecture. 

Selecting CNF(2) will change the pinout definition 
between AT bus and Micro Channel bus. Refer to 
the pinout description. 

PC AT BUS 1/0 MC 1/0 

MEMCS16 OUT CDDS16 OUT 

10CHRDY OUT CDCHRDY OUT 

EBROM OUT CDSFDBK OUT 

EIO IN 3C3DO IN 

MEMR IN MilO IN 

MEMW IN SO IN 

lOR IN S1 IN 

lOW IN CMD IN 

IRQ OUT IRQ OUT 

ALE IN CDSETUP IN 
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5.14 MAPPING RAM-
32 by 6 STATIC RAM 

The 32 by 6 SRAM is designed for dithering pat
tern selecting. This memory is used to adjust the 
color-to-gray scale mapping from the weighting 
equation. This mapping RAM can be read or writ
ten to by the CPU. 

During normal operation, the outputs from the 
weighting equation (6 bits) will be connected to 
the inputs of the mapping RAM (address input). 
The outputs of the mapping RAM (6 bits) are con
nected to the dithering logic. 

To Write· 
OUT3?4,35H Program the index register. 
OUT3?5,33H Unlock the mapping RAM registers. 
OUT3?4,3AH Program the index register. 
OUT3?5,01H Select mapping RAM. 
OUT3?4,38H Program the index register. 
OUT3?5,00H Load WRITE starting address register with 00. 
OUT3?4,39H Program the index register. 
OUT3?5,OAH Write OA directly to the mapping RAM at location 00. 
OUT3?5,OBH Write OB directly to the mapping RAM at location 01. 

To Read· 

OUT3?4,35H Program the index register. 
OUT3?5,33H Unlock mapping RAM registers. 
OUT3?4,3AH Program the index register. 
OUT3?5,01H Select mapping RAM. 
OUT3?4,38H Program the index register. 
OUT3?5,00H Load READ starting address register with 00. 
OUT3?4,39H Program the index register. 
IN 3?5 Read directly from the mapping RAM at 00. 
IN 3?5 Read directly from the mapping RAM at 01. 

NOTE: There is a minimum timing requirement between two consecutive RAM reads or writes (4 x 
VCLK period). If the system is running faster than 16 MHz, a "NOP" instruction should be inserted 
between consecutive reads and/or writes. 

ADVANCED INFORMATION 11120191 15-79 



WD90C22 

5.15 SHADOW TIMING REGISTERS 

The shadow timing registers control the timing in 
the CRTC. When the regular timing registers are 
written to, the shadow timing registers, if unlocked 
(in CRT mode, they are unlocked), receive the 
same data. Locking the shadow timing registers is 
controlled by PR1 B. 

Timing data is always read from the regular timing 
registers. The WD90C22 never reads from the 
shadow timing registers. 

In Flat Panel mode, the shadow timing registers 
are loaded once and then locked by PR1 B. Once 
they are locked, data written to the timing 
registers is not passed through to the shadow 
timing registers and the flat panel timing is not 
affected. 

There are eleven shadow timing registers. All are 
indexed in port 03?5. 

WD90C22 REGISTERS 

NAME INDEX SAMPLE 
VALUE* 

Horizontal Total OOH 5FH 

Start Horizontal 02H 50H 
Blanking 

End Horizontal 03H 82H 
Blanking 

Start Horizontal 04H 54H 
Retrace 
End Horizontal 05H 80H 
Retrace 
Vertical Total 06H F2H 

Overflow ** 07H OOH 

Vertical Retrace 10H FOH 
Start 
Vertical Retrace 11H 02H 
End 
Start Vertical Blank 15H FOH 

End Vertical Blank 16H F2H 
* The sample values are for a monochrome dual 
panel LCD with 640 by 480 pixels. 

** Only bits 7,5,3,2 and 0 are locked by PR1 B. 
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6.0 RAMDAC 
6.1 GENERAL DESCRIPTION 

The on-board RAMDAC was designed specifically 
~or Personal System/2 compatible color graphics 
In a laptop computer environment. It integrates 
the functions of a color lookup table, digital-to
analog converters, power saving features and 
PS/2 compatible monitor detection logic. 

The 256 by 18 color lookup table has triple 6 bit 
video D/A converters. A pixel mask register and 
composite blank generation on the three channels 
are provided. The RAMDAC also supports the 
use of an external voltage reference. 

Without external buffering, the RAMDAC will 
generate RS-343A compatible video signals into a 
doubly-terminated 75 ohm load, and RS-170 com
patible video signals into a singly-terminated 75 
ohm load. Integral and differential linearity errors 
are a maximum of +/- 1/2 LSB. 

6.2 FUNCTIONAL DESCRIPTION 

The RAMDAC architecture consists of five major 
modules: 

Address Register 
Pixel Mask Register 
Color Palette RAM 
Powerdown Control 
Digital-to-Analog Converter 
(with automatic poweron reset) 

Color Palette RAM: There are three 256 by 6 
color palette RAMs for the red, green and blue 
polygun. They provide color information to the 
triple 6-bit D/A converters. The RAMDAC's color 
palette RAM memory cell is a custom, power 
saving cell. 

Power-Down Control: The RAMDAC supports 
an intelligent power-down control sequence. 
When PWRDN input is low, the entire RAMDAC 
will enter the "IDLE" state; both the DAC and the 
color palette RAM will be turned off regardless of 
the CRT/-LCD signal. When PWRDN input is 
high in CRT mode, the RAMDAC will operate with 
the DAC and the color palette RAM always 
enabled. In LCD mode, when PWRDN input is 
high, the DAC is turned off. The color palette 
RAM will be enabled only when the MPU is ac
cessing the RAMDAC because of the intelligent 
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"MPU operation auto-detecting" circuit imple
mented. 

Automatic Power-on Reset: The RAMDAC sup
ports an "automatic power-on-reset" circuit that 
enables its DAC portion to initialize very quickly 
after power-on. And, since the DAC is totally 
turned off in LCD mode, a triggered signal will 
also initialize the "reset operation" of the DAC 
during the mode change from LCD mode to CRT 
mode. 

See section Appendix E for a description of the 
RAMDAC registers. 

6.3 FEATURES 

• Personal System/2 compatible 
• Bt471/478 and Bt476 compatible 
• Power management features 
• On-Chip monitor detection logic 
• Video signal output into 37.5 or 50 

ohms 
• 256 by 18 color palette RAM 
• Triple 6-Bit D/A Converters 

Pixel mask register 
• Up to 8 bits input per pixel 
• RS-343/RS-170 compatible outputs 
• 1.25 micron CMOS technology 
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7.0 POWER-DOWN MODES 
7.1 SYSTEM POWER-DOWN MODE 

7.1.1 Description of System Power-Down 
Mode (Sleep Mode) 

System Power-down mode is used when the en
tire system goes to sleep and provides the most 
power savings. Current requirements for this 
mode are approximately 4mA. This mode also 
requires the most system overhead and therefore 
in addition to being the most miserly in terms of 
power consumption, it is also the slowest. When 
the VGA subsystem has been placed in System 
Power-down mode, the only activity required of 
the VGA subsystem is saving the contents of the 
video display buffer which is accomplished by 
maintaining refresh of the DRAM. In this mode 
the system CPU has no access to the display 
memory nor any access to the I/O of the 
WD90C22 VGA controller. 

Power savings is achieved by: 

1. Turning off the display. 

2. Turning off the DACs (if in CRT mode). 

3. Turning off the internal MCLK and VCLK 
signals. 

4. Executing CAS before RAS refresh (PDREF) 
instead of RAS only refresh. 

5. Denying the CPU access to WD90C22 I/O 
registers. 

6. Denying the CPU access to video memory. 

In System Power-down mode only the content of 
the video display buffer is saved which implies 
that the rest of the dynamic data contained in the 
VGA subsystem is corrupted. This includes the 
coior content of the RAMDAC paiette and the con
tent of the mapping RAM is lost when in this 
mode. 

POWER-DOWN MODES 

7.1.2 Entering System Power-Down Mode 

To select System Power-Down mode, load bit 
PR35(7) with "1" (default value is "0"). The 
WD90C22 will enter a System Power-Down mode 
cycle when the motherboard power manager 
drives the "PDOWN" input of the 90C20 low. After 
"PDOWN" is driven low, the CPU can not access 
the WD90C22. 

The WD90C22's internal memory and video 
clocks will automatically be turned off (to save 
power) after the following time interval: 4 horizon
tal scan lines PLUS 3 "REFRESH" cycles. 

The WD90C22 uses the "REFRESH" input to 
generate "CAS before RAS" memory refresh 
cycles which refresh display memory. The inter
nal RAMDAC is also turned off, and display 
memory refresh is the only WD90C22 activity 
during this power-down mode. The VCC pins of 
the WD90C22 must remain powered. 

Primary input MCLK may be clocked at the same 
frequency as VCLK, or may be left at a static "1" 
or "0". Primary input VCLK must NOT be turned 
off but may be reduced to as low as 8 KHz. When 
the VCLK and MCLK frequencies are reduced, 
they should not be reduced until the following time 
interval has passed: the time to display 4 horizon
tal lines PLUS 3 "REFRESH" cycles. 

There are several ways to slow down the clocks 
of the WD90C61. The most effective way is to 
use the "FCLKIN" input frequency. This is done 
by driving the "FCLKSEL" input low. "FCLKIN" 
could be connected to a slow frequency clock 
which is available on the motherboard. 

During t~stem Power-Down mode, the 
"OE10", "OE32", "WEO", "WE1", "WE2", "WE3" 
and MA(8:0) outputs are all driven high. The 
memory data bus, MD(15:0), will be in an un
known state. Note that aii primary inputs must be 
driven to either VCC or VSS, as required by the 
system design. No inputs may be left floating. 
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7.1.3 Exiting System Power-Down Mode 

Before returning to normal display mode, the 
power manager must first return the WD90C22 
clock inputs back to their original frequencies (if 
they were slowed down during the power-down 
mode). Care must be taken to ensure that the 
clock inputs to the WD90C22 are stable BEFORE 
driving the "PDOWN" input high. 

To return to normal mode, the power manager 
drives "PDOWN" high; the WD90C22 returns to 
normal operation mode after the following time in
terval; the time to display 4 horizontal lines PLUS 
3 "REFRESH" cycles. The screen automatically 
displays the information in video memory. 

The power-up service routine must reload the 
RAMDAC RAM data and the 32 by 6 Dithering 
Mapping RAM data after the system returns to 
normal operation mode. 

7.2 DISPLAY IDLE MODE 

7.2.1 Description of Display Idle Mode 

The Display Idle Mode is used when the user can 
allow the display to be turned off, for example, 
when a keyboard key has not been pressed for 
five minutes. The DAC and LCD panel interfaces 
are turned off in this mode. Internal clocks are 
divided by eight from the primary inputs, thus in
ternal logic runs eight times slower. The CPU can 
access I/O registers of the WD90C22, but it can 
not access display memory. 

Power saving is achieved by: 

1. Turning off the display. 

2. Turning off the DACs (if in CRT mode). 

3. Dividing internal WD90C22 clocks by eight. 

4. Executing CAS before RAS refresh (PDREF) 
instead of RAS only refresh. 

5. Denying the CPU access to video memory. 

WD90C22 

7.2.2 Entering Display Idle Mode 

Register bits PR35(7) and PR44(7) must be set to 
"0" (default values) to use this mode. The 
WD90C22 will enter a Display Idle Mode cycle 
when the motherboard power manager drives the 
"PDOWN" input of the WD90C22 low. 

The WD90C22 will then divide the internal VCLK 
and MCLK signals by eight. For example, if the 
input VCLK is 32 MHz and the input MCLK is 44.9 
MHz, the internal VCLK will be 4 MHz and the 
internal MCLK will be 5.61 MHz. Power consump
tion in this mode is approximately 1/10 of normal 
consumption. The internal RAMDAC turns off and 
screen refresh cycles are stopped. The WD90C22 
uses the "REFRESH" input to generate "CAS 
before RAS" cycles to refresh display memory. 
The CPU will be the only user to access the dis
play memory. There is no arbitration between 
CPU cycles and CRT cycles, or between CPU 
cycles and refresh cycles. 

While in the Display Idle Mode, the video system 
continues to run, allowing the user to read/write 
WD90C22 I/O registers, however, the CPU CAN 
NOT read/write display memory. 

7.2.3 Exiting Display Idle Mode 

To return to normal operation mode, the power 
manager simply drives "PDOWN" high. The 
screen automatically displays the original picture. 
External clocks must maintain original frequencies 
for the Display Idle Mode. 
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7.3 GENERAL POWER-DOWN MODES 

7.3.1 Description of General Power-Down 
Modes 

There are two General Power-Down modes. 
These modes are used when: 1 )the user doesn't 
need to view the display, 2)he needs to keep the 
system running, but 3)he can afford to reduce the 
frequencies of both MCLK and VCLK. Video sys
tem performance is reduced in exchange for sig
nificant power savings. Another advantage is that 
activating the WD90C22 PDOWN input is the only 
software interaction required. 

One of the General Power-Down modes is 
designed to interface with an intelligent clock gen
erator like the WD90C61, which slows down the 
clocks to the WD90C22 to a selectable frequency 
during the power-down interval. This is called the 
General Power-Down mode with External Clock 
Control. 

The other is designed to be independent of the 
external clock control; the external clock main
tains the same frequency during power-down, 
however internal clock circuitry in· the WD90C22 
divides the input clock by eight. This is called 
General Power-Down mode with Internal Clock 
Control. 

Both General Power-Down modes allows the 
CPU to access BOTH I/O registers and display 
memory. 

Power savings is achieved by: 

1. Turning off the display. 

2. Turning off the DACs (if in CRT mode). 

3. Dividing the MCLK and VCLK inputs by a 
system chosen factor (external) or by eight 
(internal). 

POWER-DOWN MODES 

7.3.2 Entering General Power-Down Mode 
with External Clock Control 

To select General Power-Down mode with Exter
nal Clock Control, load bit PR44(7) with "1" and 
bit PR35(6) with "0". PR44(6:0) should be pre
loaded with its correct value, based on the power
down clock frequency. 

The WD90C22 will enter a General Power-Down 
mode with External Clock Control cycle when the 
motherboard power manager drives the 
"PDOWN" input of the WD90C22 low. At this time 
the PR44 register will replace the CRTC registers 
to control. memory refresh timing. 

7.3.3 Exiting General Power-Down Mode 
with External Clock Control 

Before returning to normal display mode, the 
power manager must first return the WD90C22 
clock inputs back to their original frequencies. 
Care m!Jst be taken to ensure that the clock in
puts to the WD90C22 are stable BEFORE driving 
the "PDOWN" input high. 

To return to normal mode, .the power manager 
drives "PDOWN" high; the WD90C22 then returns 
to normal operation mode and displays the screen 
that is stored in video memory. 

7.3.4 Entering General Power-Down Mode 
with Internal Clock Control 

To enter the General Power-Down mode with the 
internal clock control, PR44(7) must be set to a 
"1" and PR35(6) must be set to a "1". PR44(6:0) 
should be pre-loaded with its correct value based 
on the VCLK frequency and the PR1A(1 :0) value. 
The PR1A(1 :0) is used to select different memory 
refresh cycles per each horizontal line. 

After the input "PDOWN" is driven low by the sys
tem, the WD90C22 wiil enier Generai Power
Down mode automatically. Register PR44 will 
replace the CRTC registers to control memory 
refresh timing. 
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7.3.5 Exiting General Power-Down Mode 
with Internal Clock Control 

7.3.7 Disabling the WD90C22 to Accom-
modate an Alternate VGA Controller 

To return to normal mode, the power manager 
drives "PDOWN" high; the WD90C22 then returns 
to normal operation mode and returns the internal 
MCLK and VCLK signals to their normal frequen
cies. The information stored in video memory is 
displayed on the screen. 

7.3.6 Example Calculations of PR44(6:0) 
Values 

Described below are examples of how to calcu
late correct values of PR44(6:0) for both General 
Powerdown modes. Calculation of PB44(6:0) 
value is based upon the following equation: 

PR35 Bit 5 allows the WD90C22 to accommodate 
an alternate VGA controller. When the WD90C22 
detects that "PDOWN" is low and PR35(5) is high, 
the WD90C22 isolates itself from the system I/O 
bus regardless of the programmed power-down 
mode. In this case, the CPU CAN NOT access the 
WD90C22. All outputs and I/Os of the host inter
face are tri-stated. This feature allows another 
VGA or graphic controller on the system I/O bus in 
case the system designer wished to switch display 
environments. 

To return to normal operation mode, the CPU must 
drive "PDOWN" high. 

PR44(6:0) = ((Refresh Rate*PR1A(1 :0))/((1/(CLK/8))*Character)) - 5 

Where: Refresh Rate = Period defined for Refresh of the DRAMs 

CLK = External Clock input for General Power-Down mode with External Clock 
VCLK input for General Power-Down mode with Internal Clock. 

Example for General Power-Down mode with External Clock Control: 

Example A == > How to calculate the value of PR44(6:0) 
PR44(7) = 1, PR35(6) = 0 
PR1 A(1 :0) = 11 (2 memory refresh cycles/horizontal line) 
Normal Operation: VCLK = 32 MHz, MCLK = 44.9 MHz 
Power-Down Mode: VCLK = 5 MHz, MCLK = 8 MHz (external control) 

CALCULATE ==> 
15 us x 2 = 30 us (2 refreshes/line) 
1/5 MHz x 8 = 200 ns x 8 = 1.6 us (1 character clock in power-down mode) 
(30 us / 1.6 us) - 5 = 14 (PR44(6:0) = OE hex) 

Example B ==> How to calculate the value of PR44(6:0) 
PR44(7) = 1, PR35(6) = 1 (internal divided by 8 control) 
PR1 A(1 :0) = 01 (1 memory refresh cycle/horizontal line) 
Normal Operation: VCLK = 28 MHz, MCLK = 42 MHz 
Powerdown Mode: VCLK = 3.5 MHz, MCLK = 5.25 MHz (internal control) 

CALCULATE ==> 
15 us x 1 = 15 us (1 refresh/line) 
285.7 ns x 8 = 2.286 us (1 character clock in power-down mode) 
(15 us/ 2.286 us) - 5 = 2 (PR44(6:0) = 02 hex) 
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WD90C22 POWER-DOWN MODES 

The following are descriptions of the output 
states of all output pins during the four power
down modes. These states are given for both 
"AT" and "Micro Channel" modes of operation. 

This information is provided for reference to the 
system designer. 

PC·ATMODE 

OUTPUT STATE 

Pin Pin System Display 
No. Powerdown Mode Idle Mode 

SD[15:0] Z N 
15 IOCHRDY Z N 
12 IRQ Z N 
14 MEMCS16 Z N 
13 EBROM H N 
16 HBDIR H N 
17 LBDIR H N 

57 RAS32 N N 
56 RAS10 N N 
59 CAS32 N N 
58 CASA10 N N 
65 OE32 H N 
64 OE10 H N 

WE[3:0] H N 
MA[8:0] H N 
MD[15:0] Z N 

110 LCD/CRT N N 
UD[3:0] L L 
LD[3:0] L L 

91 FR L L 
90 FP L L 
89 LP L L 
87 XSCLK L L 
88 WGTCLK L L 

92 RPLT H N 
93 WPLT H N 
86 PCLK L N 
116 RED L L 
115 GREEN L L 
114 BLUE I L 1.. 

LEGEND: Z = High impedance, tri-state. 
H = Logic High, "1" state. 
L = Logic Low, "0" state. 
N = Normal state, could be "1 ", "0", or tri-state. 

General Mode General Mode 
w/Ext. Clock w/lnt. Clock 

N N 
N N 
N N 
N N 
N N 
N N 
N N 

N N 
N N 
N N 
N N 
N N 
N N 
N N 
N N 
N N 

N N 
L L 
L L 
L L 
L L 
L L 
L L 
L L 

N N 
N N 
N N 
L L 
L L 
L L 

NOTES: 1. For on-chip pullups and pulldowns, please see Section 4.0 "Signal Definitions". 
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MICRO CHANNEL MODE 

OUTPUT STATE 

Pin Pin System Display 
No. Powerdown Mode Idle Mode 

SD[15:0] Z N 
15 IOCHRDY H N 
12 IRQ H N 
14 MEMCS16 H N 
13 EBROM H N 
16 HBDIR H N 
17 LBDIR H N 

57 RAS32 N N 
56 RAS10 N N 
59 CAS32 N N 
58 CASA10 N N 
65 OE32 H N 
64 OE10 H N 

WE[3:0] H N 
MA[8:0] H N 
MD[15:0] Z N 

110 LCD/CRT N N 
UD[3:0] L L 
LD[3:0] L L 

91 FR L L 
90 FP L L 
89 LP L L 
87 XSCLK L L 
88 WGTCLK L L 

92 RPLT H N 
93 WPLT H N 
86 PCLK L N 
116 RED L L 
115 GREEN L L 
114 BLUE L L 

LEGEND: Z = High impedance, tri-state. 
H = Logic High, "1" state. 
L = Logic Low, "0" state. 
N = Normal state, could be "1 ", "0", or tristate. 

General Mode 
w/Ext. Clock 

N 
N 
N 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 

N 
L 
L 
L 
L 
L 
L 
L 

N 
N 
N 
L 
L 
L 
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General Mode 
w/lnt. Clock 

N 
N 
N 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 

N 
L 
L 
L 
L 
L 
L 
L 

N 
N 
N 
L 
L 
L 
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8.0 LCD PANEL CONTROL 
This section describes external power on/off con
trol logic for an LCD panel interface. 

8.1 DESCRIPTION OF SIGNALS FOR 
FIGURE 8-1 

Described below are the signals related to the 
power-on/off control logic in Figure 8-1. 

POWER-ON 
(General motherboard signal, input to control 
logic) 

Active high signal: indicates that the LCD +5 volt 
power supply (+VDD_LCD) and the backlight 
power supply (+VBL) are stable. 

PDOWN, +PDOWN 
(General motherboard signal, input to control 
logic) 

Active low and active high signals, respectively; 
indicate that the system has entered the POWER
DOWN mode. 

LCD PANEL CONTROL 

RSET 
(General motherboard signal, input to control 
logic) 

Active high signal; is generated during power-on 
or system reset. 

LCD 
(WD90C22 output) 

WD90C22 active low output; indicates that the 
LCD panel is selected as main display. 

LCDEN 
(Output of control logic) 

Active low signal which is connected to the LCD 
panel to enable the LCD drivers and DC power. 

CFLEN 
(Output of control logic) 

Active low signal which is connected to the LCD 
panel to enable backlight power. 

POWER'()N 

POOWNI~~----------------~ 

15-88 

LCD 

+PDOWN 

RESET 

Q 

74LS74 74lS74 

FP--...-J) 

CLR 

FIGURE 8-1. LCD PANEL CONTROL 
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LCD POWER-ON/OFF OPERA TlONS DESCRIPTION WD90C22 

9.0 LCD POWER-ON/OFF OPERATIONS DESCRIPTION 
9.1 SYSTEM POWER-ON 

When main power is turned on, RESET guaran
tees that "LCDEN" remains high during the 
power-on interval. This protects the LCD panel 
from damage. After "RESET" goes inactive, the 
"LCD" output from the WD90C22 will be ai, 
which forces LCDEN high, keeping the LCD panel 
disabled. 

Once the LCD panel has been programmed to be 

9.4 SWITCHING FROM LCD MODE TO 
CRT MODE 

The system must: 

1. Reset the LCD mode bit PR19~0 "0", thus 
setting the WD90C22 output "LCD" to a "1" 
(since "LP" and "FP" are still toggling). 

2. Read and save the CRTC registers. 

active, two "FP" strobes (one to two vertical 3. Unlock the shadow registers. 
frames) after "LCD" goes low, "LCDEN" is driven 
low, enabling LCD power. "CFLEN" (backlight 4. Write back the CRTC registers. 
power) is driven low immediately after "LCD" _goes 
low. 5. Set the CRT mode bit PR19(5) to a "1". 

9.2 SYSTEM POWER-OFF 

When main power is turned off "POWERON" 
goes low, forcing both "-LCDEN" and "CFLEN" 
high, which immediately disables both LCD panel 
power and backlight power. 

9.3 SWITCHING FROM CRT MODE TO 
LCD MODE 

The system must: 

1. Reset the CRT mode bit PR19(5) to "0". 

2. Read and save the CRTC registers. 

3. Load the shadow registers with default 
values from the table. 

4. Lock the shadow registers. 

5. Write back the CRTC registers. 

6. Enable the LCD mode by setting PR19(4)=1 
(which sets "LCD"=O). 

Two "FP" strobes (one to two vertical frames) 
from "LCD" going low, "LCDEN" is driven low, 
enabling LCD power. "CFLEN" is driven low im
mediately after "LCD" goes low. 

9.5 ENTERING POWER-DOWN MODE 

The system drives "PDOWN" low and 
"+PDOWN"high to enter a power-down mode. 
Both "LCD EN" and "CFLEN" are driven high im
mediately (before "LP" and "FP" stop toggling). 

9.6 LEAVING POWER-DOWN MODE 

When in LCD Mode: The system drives 
"PDOWN" high and "+PDOWN" low to leave a 
power-down mode (to return to normal operation 
mode). "LCDEN" remains high for two "FP" 
strobes (one to two vertical frame periods). This 
guarantees the "LP" and "FP" will be toggling 
before LCD panel power is turned on. 

When in CRT Mode: Because "LCD" is always a 
"1" when entering and leaving a power-down 
mode, "LCD EN" and "CFLEN" will also remain 
high for the entire period, thus leaving the LCD 
panel power turned off. 
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A.O APPLICATIONS APPENDIX 

NOTES: 

74F260 1 

LA23 - WD90C22 
~~-------a 
LA2D ______ -a ,......------... ~ ENMEM 

REFRESRra ...f. 

:ti 
: -
:..:-

LA(19:17)------------:J>~ LA(19:17) 

SA(16:0) • SA(16:0) 
• • • . . • • • • • 2 
· 245 : See Note 

SD(15:8) .... <I----~ ... ~ ~~ SD(15:8) 

• 1 • 

: . HBDIR 
• 245 • 

SD(7:0) .... III(I----...,> ... ~ ~~ SD(7:0) 

• DI • 

... .. ... LBDIR 

ALE -----------+ > 
RESET -----------... • 

AEN -----------... > 
> SBHE -----------+ 
• > 

SMEMR -----------+ 
SMEMW -----------... 

• • 
SIOR -----------+ 
SlOW -----------... 

ALE 

RESET 

EIO 

SBHE 

MEMR 

MEMW 

lOR 

lOW 

MEMCS16 .... <~----------- MEMCS16 

IOCHRDV .... III(E------------ IOCHRDV 

IRQ .... III(t------------ IRQ 

NCIII( EBROM 

FIGURE A-1. PC/ATINTERFACE 

1 The 74F260 is used to determine if the current address is in the first megabyte. This function is 
already provided by most core logic chip sets. 

2 The 74245 buffers are only needed if system drive requirements exceed chip capabilities. 
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SA23 
SA22 
SA21 
SA20 

MADE24 ~,-..-- ,........( 

!~ 
- Optional 

" ................ 

... , 

......... > ............ . 

1;J1 > 

191 > 

:. ,?~ti?~,,:1 . . . . . . : 

> 
CDSETUp1 ~ 

CDDS16 2 ~ 
RESET > 

SBHE > 
M/iO > 

SO > 
Sl > 

CDCHRDY OllIE: 

CDSFDBK OllIE: 

IRQ OllIE: 

WD90C22 

ENMEM3 

SA(19:0) 

SD(15:8)4 

HBDIR 

SD(7:0) 

LBDIR 

3C300 

CDSETUP 

CDDS16 

RESET 

SBHE 

MilO 

SO 

Sl 

CDCHRDY 

CDSFDBK 

IRQ 

FIGURE A-2. MICRO CHANNEL INTERFACE 

NOTES: 

1 CDSETUP must be latched if core logic does not already latch it. 
2 CDDS16 requires an inverter (changed in future revisions). 
3 ENMEN must be qualified for the first megabyte of memory space. This is provided in many 

core logic designs; the two And Gates are not required. 
4 The bidirectional buffers are only needed if the system design requires more current than the 

WD90C22 can deliver. 
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POWER---.. 
DOWN 

WD90C22 
--
PWRDN 

VREF 
FSADJUST 

R 

G 

B 

UD(3:0) 

LD(3:0) 

LP * 

FP * 

XSCLK 

FR 

R1 n C2 

l.. 

01 f ~ RSET 

t 
~ L S 

;--

;. I 
$ 
~ (-

W r 

FIGURE A·3. WD90C22 DISPLAY INTERFACE 

FULL-SCALE-VOLTAGE CALCULATION EXAMPLE: 

vFULL SCALE [ IFULLSCALE] [RLD] 

code x 0.04 x VREF [RLD] 

[ RSET ] 

= 63 x 0.04 x 1.235 [50] = 0.704 volts 

APPLICA TlONS APPENDIX 

CRT 

l RED 

~ GREEN 

BLUE 

, HSYNC 

VSYNC 

LCD 

UD(3.0) 

LD(3.0) 

LP 

FP 

XSCLK 

FR 

I" 221 l 
* These signals ma~equire buffering if mbnitor sinks more than the 6mA drive of the WD90C20. 
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B.O EGA MODE APPENDIX 
This appendix provides a general description of 
EGA mode. Details of the actual software im
plementation are not covered. 

For those registers that are the same in both VGA 
and EGA mode, refer to the VGA description. 
Only the differences are described in this section. 
Bits not used should be set to 0 unless otherwise 
noted. 

1. Load Configuration register bit 8. Logic 0 for 
VGA compatible PS/2 display or Logic 1 for 
EGA compatible TTL monitor by appropriate 
pullup or pulldown resistor on MD(11). (Pull
up resistor on MD11 causes CNF(8) to be 
latched with logic 0, for Analog PS/2 com
patible display). This is status for the BIOS or 
application to signify monitor type attached. 

2. Unlock all the PR registers. 
3. Program PR2(6) to 0 for EGA mode. 
4. Set PR4 Bit 1 to logic 1 for EGA compatibility. 
S. Load PR11 (7:4) with EGA Configuration 

switches by using pull-up or pull-down resis
tors on pins MD(1S:12). (Pull-up resistor 
causes logic 1 to be latched after power-on
reset.) 

6. The EGA switch setting may then be read from 
PR11 (7:4) at I/O port 3C2 Bit 4. 

7. If EGA is to be emulated on the IBM PS/2 type 
analog display, follow the steps listed below: 

WD90C22 

- Initialize all the registers 
- Lock CRT controller registers 
- Force Clock Control rate of the CRT 

controller 
8. Set EGA emulation mode by programming: 

- PR11 (3)=1; Set EGA emulation on PS/2 type 
display 

- PR14(6)=1; Vertical double scan 
- PR11 (2)=1; Lock clock select 
- PR11 (0)=1; Lock 8/9 dot timing 
- PR14(7)=1; Enable IRQ (optional) 

9. Lock the PR registers PRO-PRS and PR10-
PR17. 

10. Read protect PR registers. 
11. When EGA is required on a TIL monitor, the 

suggested steps are: 
- Initialize all the registers 
- Set EGA TIL mode by programming: 

PR11 (3)=0;EGA TIL 
PR14(7)=1 ;Enable IRQ 
PR1S(6)=1 ;Set Low Clock 
PR14(7)=1 ;Enable IRQ 

- Lock PR registers PRO-PRS and PR10-PR17 
- Read protect PR registers 

For more details on the PR registers, refer to the 
PR registers section. The EGA register summary 
shown on the next page highlight all the EGA 
mode registers. 
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REGISTERS EGA I/O PORT 

General Registers: 
Miscellaneous Output Reg WO 3C2 
Input Status Reg 0 RO 3C2 
Input Status Reg 1 RO 3?A 
Feature Control Reg WO 3?A 

Sequencer Registers: 
Sequencer Index Reg WO 3C4 
Sequencer Data Reg WO 3C5 

CRT Controller Registers: 
Index Reg WO 3C4 

CRT Controller Data Reg Except the Following: WO 3?5 
Start Address High (Index=OC) RW 3?5 
Start Address Low (Index=OD) RW 3?5 
Cursor Location High (Index=OE) RW 3?5 
Cursor Location Low (Index=OF) RW 3?5 
High Pen High (Index=10) R 3?5 
Light Pen Low (Index=11) R 3?5 

Graphics Controller Registers: 
Index Reg WO 3CE 
Other Graphics Reg WO 3CF 

Attribute Controller Registers: 
Index Reg WO 3CO· 
Attribute Controller Data Reg WO 3CO· 

TABLE B-1. EGA REGISTERS SUMMARY 

NOTES: 
1. RO = Read Only, WO = Write Only, and RW = ReadlWrite. 
2. All register addresses are in hex. 
3. ? = B in monochrome modes or D in color modes. 
4. • = Identical responses from 1/0 ports 3CO and 3C1. 
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B.1 GENERAL REGISTERS B.1.2 Input Status Register 0 

The General Registers and the bit definitions that (Read Port 3C2) 
differ from VGA mode are covered below. 

B.1.1 Miscellaneous Output Register 
(Write Port 3C2) 

Bits (7:5) 

EGA: Same as Miscellaneous Output Register 
Bits (7:5) definition in the VGA section. 

Bit 4 

Disables internal video drivers. 
o = Activate video drivers. 
1 = Disable video drivers. 

Bits (3:2) 

EGA: 

BIT 3 

0 

0 

1 

1 

Bit (0) 

BIT2 

0 

1 

0 

1 

DESCRIPTION 

14.318 MHz clock (VCLKO) 
is selected. 
16.257 MHz clock (VCLK1) 
is selected if Configuration 
ReQister Bit 3 is O. 
External User Defined Clock 
(VCLK2) from the feature 
connector is selected if Con-
figuration Register Bit 3 is O. 
Not Used. VCLK2 selected if 
Configuration Register Bit 3 
is 0 

EGA: Identical to Miscellaneous Output Register 
Bit 0 definition in the VGA section. 

Bit 7 

EGA: Same as input Status Register 0, Bit 7 
definition in the VGA section. 

Bits (6:5) 

EGA: Not Used. 

Bit 4 

EGA: Information on the four configuration 
switches stored in PR11 can be read at this bit if 
PR4(1) has been set to 1. 

Bits (3:0) 

EGA: Not Used = 1 

B.1.3 Input Status Register 1 
(Read Port 3?A) 

Bit (7) 

EGA: Not Used. 

Bit 6 

EGA: Not Used = 1. 

Bits (5:3) 

EGA: Identical to Input Status Register 1 Bits (5:3) 
definition in the VGA section. 

Bit 2 

EGA: The following Light Pen Switch definition is 
applicable: 
o = Light Pen Switch is Closed. 
1 = Light Pen Switch is Open. 

Bit 1 

EGA: The following Light Pen Trigger definition is 
applicable: 
0= Light Pen Trigger is Reset. 
1 = Light Pen Trigger is Set. 
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Bit (0) 

EGA: 
Same as Input Status Register 1 Bit 0 definition in 
the VGA Section. 

B.1.4 Feature Control Register 
(Write Port 3?A) 

Bits (7:0) 

EGA: Not Used. 

B.2 SEQUENCER REGISTERS 
(PORT 3C5) 

B.2.1 Clocking Mode Register, 
(Index = 01) 

Bits (7:4) 

EGA: Not Used. 

Bits (3,2) 

EGA: Same as Clocking Mode Register Bits (3,2) 
definition in the VGA section. 

Bit 1 

EGA: Set to Zero. 

Bit (0) 

EGA MODE APPENDIX 

Bits (3:2) 

EGA: Character Map Select A: 

BIT BIT MAP FONT 
3 2 SELECTED TABLE/PLANE 2 

LOCATION 

0 0 0 First 8 Kbyte 

0 1 1 Second 8 Kbyte 

1 0 2 Third 8 Kbyte 

1 1 3 Fourth 8 Kbyte 

Bits (1 :0) 

EGA: Character Map Select B: 

BIT BIT MAP FONT 
1 0 SELECTED TABLE/PLANE 2 

LOCATION 

0 0 0 First 8 Kbyte 

0 1 1 Second 8 Kbyte 

1 0 2 Third 8 Kbyte 

1 1 3 Fourth 8 Kbyte 

NOTE: 1. Character Map selection from Plane 2 
is determined by Bit 3 of the attribute code. 

B.2.3 Memory Mode Register, 
(Index = 04) 

EGA: Identical to Clocking Mode Register Bit 0 Bits (7:3) 
definition in the VGA section. EGA: Not Used. 

B.2.2 Character Map Select Register, 
(Index 03) 

EGA: Not Used. 

Bits (2:1) 

EGA: Identical to Memory Mode Register Bits 
(2,1) definition in the VGA section. 

Bit 0 

EGA: Alpha Mode Bit. 
A logic 1 shows that Alpha mode is active and 
character map selection is enabled. A logic 0 dis
ables Alpha mode and enables non-Alpha mode. 
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B.3 CRT CONTROLLER REGISTERS 
(PORT 3?5) 

The EGA registers that are different are listed. 
For similar registers and identical bits within 
registers refer to the VGA section. A "?" implies 
that a register is mapped into either 3B5 or 305 
for Monochrome or Color display modes, respec
tively. 

B.3.1 Index Register (Port = 3?4) 

Bits (7:5) 

EGA: Not Used. 

Bits (4:0) 

EGA: Five bits point to the CRT Register Address 
index where the data is to be written. 

B.3.2 Horizontal Total Register, 
(Index = 00) 

Bits (7:0) 

EGA: 
Eight bits of value for the "Total Character Count 
Less 2" are loaded into this register. They define 
number of characters to be displayed per horizon
tal line. 

B.3.3 End Horizontal Blanking Register, 
(Index = 03) 

Bits (7) 

EGA: Not Used. 

Bits (6:5) 

EGA: These bits define display enable skew in 
character clocks. 

BIT6 BIT5 SKEW 

0 0 0 

0 1 1 

1 0 2 

1 1 3 

WD90C22 

Bits (4:0) 

EGA: Five bits of character count are loaded to 
determine when the horizontal blanking signal be
comes inactive. 

B.3.4 End Horizontal Retrace Register, 
(Index = 05) 

Bit 7 

EGA: It defines the start of the odd or even CRT 
counter memory address following the horizontal 
retrace time. Logic "1" = Odd Address and logic 
"0" = Even Address. 

Bits (6:0) 

EGA: Same as End Horizontal Retrace Registers 
Bits (6:0) definition in VGA section. 

B.3.5 Vertical Total Register, 
(Index = 06) 

Bits (7:0) 

EGA: Lower eight bits of the CRT vertical frame 
time in scan lines including the vertical retrace. 

B.3.6 CRT Controller Overflow Register, 
(Index = 07) 

Bits (7:5) 

EGA: Not Used. 

Bits (4:0) 

EGA: Same as Preset Row Scan Register Bit 
(4:0) definitions in the VGA section. 

B.3.7 Preset Row Scan Register, 
(Index = 08) 

Bits (7:5) 

EGA: Not Used. 

Bits (4:0) 

EGA: Same as Preset Row Scan Register (4:0) 
definition in the VGA section. 
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B.3.8 Maximum Scan Line Register, 
(Index = 09) 

Bits (7:S) 

EGA: Not Used. 

Bits (4:0) 

EGA: Same as maximum Scan Line Register Bits 
(4:0) definition in the VGA section. 

B.3.9 Cursor Start Register (Index = OA) 

Bits (7:S) 

EGA: Not Used. 

Bits (4:0) 

EGA: Same as Cursor Start Register Bits (4:0) 
definition in the VGA section. 

B.3.10 Cursor End Register (Index = OB) 

Bit(7) 

EGA: Not Used. 

Bits (6:S) 

EGA: They define cursor signal skew in character 
clocks. 

BIT 6 BITS SKEW 

0 0 0 

0 1 0 

1 0 1 

1 1 2 

Bits (4:0) 

EGA: These bits define Cursor End value of row 
scan address counter. The programmed value is 
equal to "N+ 1" where "N" is the last row of the 
Cursor to be displayed. 

EGA MODE APPENDIX 

B.3.11 Vertical Retrace Start Register, 
(Index = 10) - Write 

(Light Pen High register, Index = 10 - Read) 

Bits (7:0) 

EGA: Lower eight bits of the vertical retrace start 
position programmed in horizontal scan lines. 

B.3.12 Vertical Retrace End Register, 
(Index = 11) - Write 

(Light Pen Low register, Index = 11 - Read) 

Bits (7:6) 

EGA: Not Used. 

Bit S 

EGA: It enables the IRQ output buffer control if 
Logic 0 is programmed. The IRQ latch within the 
CRT controller determines the logic state of the 
IRQ output signal. If programmed as logic 1, the 
IRQ buffer is switched to a high impedance state. 

Bit 4 

EGA: When programmed to logic 0, the IRQ latch 
is reset and cleared to 0 if Bit 5 = o. If it is logic 1, 
the IRQ latch gets set at the end of the vertical 
display. 

Bits (3:0) 

EGA: Identical to Vertical Retrace End Register 
Bits (3:0) definition in the VGA section. 

B.3.13 Underline Location Register, 
(Index = 14) 

Bits (7:S) 

Bits (4:0) 

EGA: Horizontal scan row where the underline will 
be displayed. Value programmed is one less than 
the scan line desired. 
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B.3.14 End Vertical Blanking Register, 
(Index = 16) 

B.4.2 Mode Register, 
(Index = 05) 

WD90C22 

Bits (7:5) Bit (7:6) 

EGA: Not Used. EGA: Not Used. 

Bits (4:0) Bits (5:2) 

EGA: Identical to End Vertical Blanking Register EGA: Identical to Mode Register Bits (5:2) defini-
Bits (4:0) definition in the VGA section. tion in the VGA section. 

B.3.15 Mode Control Register, 
(Index = 17) 

Bits (7:5) 

EGA: Same as Mode Control Register Bits (7:5) 
definition in the VGA section. 

Bit 4 

EGA: Not Used. 

Bits (3:0) 

EGA: Identical to Mode Control Register Bits (3:0) 
definition in the VGA section. 

B.4 GRAPHICS CONTROLLER 
REGISTERS (PORT 3CF) 

B.4.1 Read Map Select Register, 
(Index = 04) 

Bits (7:3) 

EGA: Not Used. 

Bits (2:0) 

EGA: Map selected bits (2:0) which represent en
coded value of the memory plane in binary as 
shown below: 

02 01 DO MAP SELECTED 

0 0 0 0 

0 0 1 1 

0 1 0 2 

0 1 1 3 

Bits (1 :0) 

EGA: Binary coded write bits define the write 
modes per table below: 

BIT 1 BIT 0 FUNCTION 

0 0 Write mode 0 - Refer to earlier 
section 

0 1 Write mode 1 - Refer to earlier 
section 

1 0 Write mode 2 - Refer to earlier 
section 

1 1 Write mode 3 - Not Legal. 
Selects write mode 1. 

B.5 ATTRIBUTE CONTROLLER 
REGISTERS (PORTS = 3CO/3C1) 

Palette Registers (Index = 00 through OF) 

Bits (7:6) 

EGA: Not Used. 

Bits (5:0) 

EGA: Dynamic color selection. Logic 0 = Color 
deselection, and Logic 1 = color selection per the 
table below: 

BITS COLOR PIXEL 

5 Sec. Red VID5 

4 Sec Green/lnten VID4 

3 Sec Blue/Mono VID3 

2 Red VID2 

1 Green VID 1 

0 Blue VIDO 
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B.5.1 Mode Control Register, (Index = 10) 

Bits (7:4) 

EGA: Not Used. 

Bits (3:0) 

EGA: Identical to Mode Control Register Bits (3:0) 
definition in the VGA section. 

B.5.2 Overscan Color Register, (Index = 11) 

Bits (7:6) 

EGA: Not Used. 

Bits (5:0) 

EGA: Overscan color for the border. For a 
monochrome display, set all the 6 bits to logic O. 
The border color is defined by the color table for 
the Palette registers shown above. 

B.5.3 Color Plane Enable Register, 
(Index = 12) 

Bits (7:6) 

EGA: Same as Color Plane Enable Register Bits 
(7,6) in the VGA section. 

Bits (5:4) 

EGA: 
Determines two of six colors for the Video Status 
Multiplexer according to the table below. 

BIT5 BIT 4 INPUT STATUS REGISTER 1 
(Port 3?A) 

BIT5 BIT 4 

0 0 VID 2 VID 0 
ID ..... ,.,' \1 lvU) (Blue) 

0 1 VID5 VID 4 
(SRed) (SGreen) 

1 0 VID3 VID 1 
(SBlue) (Green) 

1 1 VID5 VID 4 
(SRed) (SGreen) 

EGA MODE APPENDIX 

Bits (3:0) 

EGA: Same as Color Plane Enable Register Bits 
(3:0) definition in the VGA section. 

B.5.4 Horizontal PEL Panning Register, 
(Index = 13) 

Bits (7:4) 

EGA: Not Used. 

Bits (3:0) 

EGA: These 4 bits determine the horizontal left 
shift of the video data in number of pixels. In 
monochrome alpha numeric modes, a 9-
dots/character image can be shifted by 9 pixels. 
For all other graphics or alpha numeric modes, a 
maximum left shift of 8 pixels is permitted. Refer 
to the left shift pixel table of the Horizontal PEL 
Panning Register Bits (3:0) described in the VGA 
section. 

B.6 MONITOR DETECTION 

The DAC output currents IRED, IGREEN, and ISLUE, 
develop a voltage across the load resistances 
RLD. These voltages are sent to comparitors 
against a voltage derived from the external volt
age reference VREF. The output current is deter
mined by the formula: 

1= code x 0.04 x VREF 

RSET 

where the codes range from 0 to 63 (OH to 3FH) 
for a 6-bit DAC. 

The output signal MDETECT is readable at port 
3C2H bit 4. It is important to read during active 
video ouput, not during retrace or any other b!ank
ing period. 
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VREF 
(1.235V) 

2.75K 

Red 
DAC 

/0.3396V 

Monitor 

~-+-----~~-~ Red 
RLD 

: Blue 
i RLD 

"Green 1--+-+-----+-~-+--1'---=Green 
DAC RLD 

Blue 
DAC 

MDETECT 

~ WD90C22 
Port 3C2H ,--I __ -,-1_4 ...LI ----' 

FIGURE 8-1. MONITOR DETECTION FOR INTERNAL RAMDAC 
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WD90C22 AC OPERATING CHARACTERISTICS AND TIMING DIAGRAMS 

C.O AC OPERATING CHARACTERISTICS AND TIMING DIAGRAMS 

FIGURE NUMBER TITLE 

C-1 I/O Write - AT Mode 
C-2 I/O Read - AT Mode 
C-3 Memory Write - AT Mode 
C-4 Memory Read - AT Mode 
C-5 I/O Write - Micro Channel Mode 
C-6 I/O Read - Micro Channel Mode 
C-7 Memory Write - Micro Channel Mode 
C-8 Memory Read - Micro Channel Mode 
C-9 CPU Write with Non-Page Mode 

C-10 CPU Read Non-Page Mode, CRT Read 
C-11 DRAM Page Mode Read Timing 
C-12 WD90C22 LCD Timing (t = VCLK) 
C-13 RAMDAC Timing 
C-14 CRT Clock Timing 
C-15 Reset Timing 
C-16 RAS OnlyDRAM Refresh Timing 
C-17 CAS Before RAS DRAM Refresh Timing 
C-18 CAS Before RAS Refresh (Power-Down Mode) 
C-19 STN Color LCD Interface Timing 
C-20 10CHRDY Release Timing in Memory Read Cycle 
C-21 10CHRDY Release Timing in Memory Write Cycle 

TABLE C-1. TIMING DIAGRAMS 
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'+- 2--'0...' : --r-
SA( 1 6:0) '-"--""-"="'-'=:..=Y 

'..,.oE'---- 3 ---;'~', 
lOW -------:------""_: _____ ~ ______ /: 

SOl 

WPLT 

NO. 

1 lOW 

2 EIO 

3 SA(16:0), 

4 Write Data 
SOl 

5 Write Data 
SOl 

6 WPLT 

7 WPLT 

8 EIO, 
SA(16:0) 

t = 1/MCLK 

'oE , 
, 5 ' 

4---'.~:~: 

-", .: 

:··:-:';·'::,-,f'-:-: 

·.··.····.····.·····.··.K'-___ D_AT_A_r-_~ 
:",-6--+: , , 

""'-------""'----"/ 

FIGURE C-1. liD WRITE-AT MODE 

liD WRITE AT MODE MIN. MAX. 

active pulse width 2.5t 

hold from lOW inactive (high) 10 

hold from lOW active 25 

setup to lOW inactive 30 

hold from lOW inactive 10 

active from lOW active 50 
(CL = 15pF) 

inactive from lOW inactive 50 
(CL = 15pF) 
lOW active 15 

setup to 

Note: For mapping RAM access, a minimum inactive time of 3 VCLK cycles are required between 
consective 1/0 transfers. 
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:+---- 8~: 2 
EIO ----....... ~ :~ 3 / 

lOR 

RPLT 

LBDIR 

HBDIR 
(always high) 

NO. 

1 LBDIR 

2 EIO 

3 SA(16:0), 

4 Read Data 
SOO 

5 Read Data 
SOO 

6 RPLT 

7 RPLT 

8 EIO, 
SA(16:0) 

T = 1/MCLK 

\:----------/: 

'+-4~' , , ',0( .' 5: 
6 \~---~--~;---

:111( >-1 :+- 7--->-: 
:~\ / 
~ '\..... ----,--' 

FIGURE C-2. I/O READ-AT MODE 

I/O READ AT MODE MIN. MAX. 

delay from lOR 48 

hold from lOR inactive (high) 10 

hold from lOR active 25 

valid from lOR active .5T 1.5T+65 

hold from lOR inactive 10 40 

active from lOR active 50 
(CL = 15pF) 

inactive from lOR inactive 50 
(CL = 15pF) 

setup to lOR active 15 

Note: For mapping RAM access, a minimum inactive time of 3 VCLK cycles are required between 
consective 1/0 transfers. 
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NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

SLA(19:17) ~;....: __ A_DD_R_ES_S_~X __ · -"--'-'-'-'----'--'_"-=-""--'-'"'--'--'----=""---'---'---"--''-''-

ENMEM --/ '\'---------------
:+- 8~:+- 3~: 

ALE ~ ,,'----;-.--------------

SA(16:0) :'±£J±±}~& ~~ __ -'---/ 
: 7 . .. 

MEMW ---.;....--...;...:~ ___ :~ 6~: 
. '\ .. 

IOCHRDY HI-Z 

MEMCS16 --,HC-"-I-..=Z--;---;\ 

. 1 : 
:~: 

FIGURE C-3. MEMORY WRITE - AT MODE 

HI-Z 

MEMORY WRITE AT MODE MIN. MAX. 

MEMCS16 valid from SLA (19:17) 21 
ENMEMvalid 

IOCHRDY inactive from MEMWactive 24 

SLA(19:17), hold from ALE inactive 5 
ENMEM 
Data SDI valid from MEMWactive 30 

DataSDI hold from MEMW inactive 5 

SA(16:0), hold from MEMWactive 20 
SBHE 
SA(16:0), setup to MEMWactive 25 
SBHE 
SLA(19:17), setup to ALE inactive 25 
ENMEM 
MEMCS16 invalid from SLA (19:17) 30 

ENMEM invalid 
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NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

15-106 

ENMEM--/ ~~------------, , 
SLA(19:17) ~ ADDRESS ),<"";/'"7', =",..".".========== 

i~14~ 2---': 
, , ' 

ALE : ~~ __ ~: ____________ __ 

SA(16:0) =:{:':'=~"~}>< : ADDRESS: j><""{"',,,,"'" =~~~~===== 
: 9 :+---5~: 

MEMR ---'c------!"~q , : 
: ~ I 

IOCHRDY HI-Z 

MEMCS16 -"H"""I-Z~-:---.. 

:~" 
EBROM-----~--.. 

:~"'---~/ , 7 
LBDIR-------;------.. 

:+-8~ 
HBDIR ------;------.. :+-8 ~" 

/: 4 : 
,~, 

! :X::i 

:+-8~/ 

!+-8:¥' 

FIGURE C-4. MEMORY READ - AT MODE 

MEMORY READ - AT MODE 

IOCHRDY inactive from MEMR active 

SLA(19:17), hold from ALE inactive 
ENMEM 

Data SDO valid setup to IOCHRDYactive 

DataSDO hold from MEMR 

SA(16:0), hold from MEMR active 
SBHE 

MEMCS16 valid from SLA(19:17) 
ENMEM valid 

MEMR active to EBRO~,,1 active 

LBDIR 
--

HBDIR delay from MEMR 

SA(16:0), setup to MEMR active 
SBHE 

SLA(19:17), setup to ALE inactive 
ENMEM 

MEMCS16 invalid from SLA(19:17) 
ENMEM invalid 
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MIN. 

30 

2t 

20 

20 

25 

25 

MAX. 

26 

50 

24 

30 

48 
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AC OPERA TlNG CHARACTERISTICS AND TIMING DIAGRAMS WD90C22 

3C3DO 
(my :"~-------------------------, 

CDSETUP 
(ALE) 

:~: 
lIII><_: _______________ !....' ____ 2~ _________ ___T_---_><2·i?·.{.)······················ 

SA (16:0) ~ ____ A_D_DR_E_SS ____ ~ __ --'>.<;ii(f ................. • •• ·• .. ·•···•·• .•.................................... 

:.. --.IJt:~: 
-----,,---------~~ 2 , 

' ... ~f----- 8 ---..1 
~~: ----------~~ 

SO (MEMW) 

, , 
~~: ____________ -+ __ ~y.r----------~-------------

S1 (lOR) ~~--------~-------------, 
M/~(MEMR) ~~' ____________ -+ __ --J)' 

SDI 
1+-3~:""4 ... 1 

(}i({};;;;:;;;;;1::; iiii W;; ••••.• S>< DATA: >CJ? 

:,~--------~,----~/ 
:+--5 +'1 :..- 6 +1 

CDSFDBK 
(i:BimM) 

'~ _________ ' ____ ~ __________ --J/ 
:..-7-+j 

FIGURE C-5. 1/0 WRITE-MICRO CHANNEL MODE 

NO. 1/0 WRITE - MC MODE 

1 SA(16:0), SO, S1 setup to CMO active (low) 
3C300, COSETUP, 
MilO 

2 SA(16:0), SO, S1 hold from CMO active 
3C300 MilO 

3 Write data SOl setup to CMO inactive 

4 Write data SOl hold from CMO inactive 

5* WPLT active from CMO active 

6* WPLT inactive from CMO inactive 

7 COSFOBK active from Address Valid 

8 CMO inactive pulse width 

9 CMO active pulse width 

10 COSETUP hold from CMO active (low) 

* CL= 15pF 
t= 1/MCLK 

MIN. 

15 

30 

30 

10 

2t 

2.5t 

30 

MAX 

50 

50 

58 

Note: For mapping RAM access, a minimum inactive time of 3 VCLK cycles are required between 
consective 1/0 transfers. 
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NO. 

1 

2 

3 

4 

5 

6 

7 

8a 
8b 

9 

10 

3C3DO 
(tlOj 

SA (16:0) 

CMD (lOW) 

So (MEMW) 

--../': :'~-------------------
'~ ______ T:-~~10 __ ~:~ __ -+ ____ ~ 
~ : > X,,)),",'i"""""""'·"····,·· 

~ ADDRESS: ~><?{i "{""""',l",))}"""""""""""""""",,.,."',.,,., .. ,.,., .......... . 
j+-- 1 _:_ 2 _: 

, ,"' , 

~ ~~----~------------
~'---------i--------'/. 

M/iO (MEMR) ~ , ;,.-'~---+---------------
: ___ 3-!--1 :+4-.1 

SDO 

Ci5SF5iiK 
(EBROM) 

LBDIR 

HBDIR 
(always high) 

'"'''' ,{(:"""""""""""""""""""""""",,"""""""'i/",:"",,,,,,,,,,))t,,,,,,,,,,,,,,,,,,,,,,,,,,,,,"""""",'l>< :DATA >< '"",,,,',,,,,,,,,,,,',{{"'?""",',))}""" 

, '~:----~'----~/ :_5_: ' :-6-1 
'~----~~--------T:~/ 
~ ,+g+1 

--------------~,~ _______ :_4~9~~----------

FIGURE CoG. 1/0 READ - MICRO CHANNEL MODE 

1/0 READ MC MODE MIN. 

SA(16:0), SO, S1, setup to CMO active (low) 15 
3C300, COSETUP, 
MilO 

SA(16:0), SO, S1, hold from CMO active 30 
3C300, MilO 

Read data valid from CMO active .5T 
SOD 

Read data hold from CMO inactive 10 
SOD 
RPLT active from CMO active 

(Cl = 15pF) 
RPLT inactive from CMO inactive 

(Cl = 15pF) 
COSFOBK active from Address Valid 

eMD active pulse width 130 
CMO active pulse width 4t+30 

mapping RAM only 
LBOIR delay from CMO 

COSETUP hold from CMO active (low) 30 
T = 1/MCLK 

MAX. 

1.5T+65 

40 

50 

50 

58 

48 

48 

Note: For mapping RAM access, a minimum inactive time of 3 VCLKcycies are required between 
consective liD transfers. 
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NO. 

1 

2 

3 

4 

5" 

6 

7 

8 

ENMEM 

3C3DO 

(EIO) :'~-----------------
'_8 -~' 

CMD '<lIE-- 1 ~:-+- 2-"': 
'I-: ----~---------'/: 

So(MEM~~~: ________ ~ __ ~~ 

51 (lOR) ~: --;. ...... ______ ~--------_ 

SDI 

CDCHRDY 
(IOCHRDY) 

CDDS16 

CDSFDBK 

(EBROM) 

:--6_1 
'~--i-------------'/ 

, '~ __________________ --J/ 

FIGURE C-7. MEMORY WRITE-MICRO CHANNEL MODE 

MEMORY WRITE MC MODE 

SA(19:0), SO, S1, setup to CMD active (low) 
ENMEM, SBHE, 3C3DO, 
CDSETUP, MilO 

SA(19:0), SO, S1. hold from CMD active 
ENMEM, SBHE, 
3C3DO. MilO 
Data SOl valid from CMD active 

Data SOl hold from CMD inactive 

CDDS16 valid from SA(19:0) 
ENMEM valid 

SA(19:10) valid to CDCHRDY inactive (low) 
SO,S1 

CDSFDBK active from Address Valid 

CDSETUP hold from CMD active (low) 

MIN. 

25 

30 

0 

30 
"NOTE: CDDS16 active low, 

ADVANCED INFORMATION 11120191 
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MAX. 

25 

45 

40 

58 
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NO. 

1 

2 

3· 

4 

5** 

6 

7 

8 

9 

ENMEM 

3C300 ,rn, 
SBHE 

CDSETUP 

SA(19:0) 

SOO 

COCHROY 
(IOCHADy) 

--j \\-~ -------
~~~ ----~\~--------

TIIIITIX~ _ ___,__J*'''"i''''':''''''''''· ======= 
.II§2'EX~. _--'H_9--")'---__ ;--_~X:"·· 
~ ADDRESS. )(&>&:::·2::·&· IZSZi2IZSIZSIZSIZS§§ 

~1~~ 
\1-. --'----I 

~ \~----,-----

~ j 

~~i ====~\\-_~ _____ __ 
: : 

··,,:X 

. \~. ---~. / 
CDSFOsK ~ 5 --4. 

LBOIA, 
HBCIR 

\ / 

FIGURE C-S. MEMORY READ-MICRO CHANNEL MODE 

MEMORY READ MC MODE MIN. 

SA(19:0), SO, S1, setup to CMD active (low) 25 
ENMEM, SBHE, 3C3DO, 
CDSETUP, MilO 
SA(19:0), SO, S1 hold from CMD active 30 
ENMEM, SBHE, 
3C3DO, MilO 
Read data setup to CDCHRDY 2t 
SDO valid active (high) 

Read data hold from CMD inactive 20 
SDO 

CDDS16 valid from CA/-4n·n\ 
"""\ I ;;;I.VI 

ENMEM valid 

SA(19:0) valid to CDCHRDY 
SO,S1 inactive (low) 

CDSFBK active from Address Valid 

HBDIR, LBDIR delay from CMD 

CDSETUP hold from CMD active (low) 30 
NOTES: * PR1A (7:6) = 00 

** CDDS16 active low 
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MCLK 

VCLK 

'16 .. 17, lB. 15 .: 17' lB . 
~ :-.-, :. ., :~-. 

MA ±20CD< i X : X x=. =======~ 
ROW 0,1 COL 0.1 ROW 2,3: COL 2,3 

NO. 

1 

2 

3 

4 
5 

6 

7 
8 
9 
10 

11 

12 

~: :~ 
MDOH X : ><~! "---,;-: ~X<' 

==4= :'-:"20 _:_21_:_22-':_23_~"""-"~="-====== 
MDOL =~:=X: X: i ><=t<========= 

:. 19-'-' ----__ ~: 

RAS10 ~. ~/ : \'---------
CAS10 

:_2_:_3_' , 
',. : 4 ~: : 

\:_5-:/: 
WEO, WEI 

:.:: ... --+--10 : ~: __ .;.---_--":_"" :_6,B.....,: :: ,.--____ -.-______ _ 
:....12~'-10~1 

WE2, WE3 

RAS32 

: : :. : 7,9 :~: : --;...----;.-. ----,\ 1 : 11 .VH-: ;--------

; : ~ : :: --..... : .... -=------; ..... ----14---=--=------" ...... :~;\. 1 IOV'-------
: :~2-::~5: :: 
:+-13-_:\_ 3 ~r-: --------

OE1O,OE32 

FIGURE Cog. CPU WRITE WITH NON-PAGE MODE 

CPU WRITE MIN. 
MCLK = 45.046 MHz 

RAS10 (RAS32) pulse width low 5t-25 
RAS 10 (RAS32) low to CAS10 (CAS32) (low) 2t-11 

CAS10 (CAS32) low to RAS10 (RAS32) (high) 3t-20 
RAS10 (RAS32) low to CAS10 (CAS32) (high) 5t-25 

CAS10 (CAS32) pulse width low 3t-25 
WEO, WE1 low to CAS10 (high) 2.5t-20 

WE2, WE3 low to CAS32-(high) 5t-20 

WEO, WE1 low to RAS10 (high) 2.5t-20 

WE2, WE3 low to RAS32-(high) 5t-20 

WEO, WE1 pulse duration 3t-20 

WE3, WE2 pulse duration 5t-20 

WEO, WE1 low from CAS10 (low) 0.5t-5 
t = 1/MCLK 

ADVANCED INFORMATION 11120191 

MAX. 

5t 

2t+2 

3t+10 

5t 

3t 
2.5t 

5t 

2.5t+2 

5t+2 

3t 

5t 

0.5t+6 
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NO. CPU WRITE MIN. MAX. 
MCLK = 45.046 MHz (Continued) 

13 WE2, WE3 low to CAS32 (low) 2t-10 2t 

14 RAS10 low to RAS32 (low) 4.5t-7 4.5t+7 

15 Row address setup to RAS10, RAS32 (low) t-15 t+ 15 

16 Row address hold from RAS10, RAS32 (low) t-5 t+ 15 

17 Column address setup to CAS10, RAS32 (low) t-25 t+ 10 

18 Column address hold from CAS10, CAS32 (low) 1.5t-5 1.5t+20 

19 Random Write Cycle 9t 

20 Write Data setup to WEO, WE1 (low) t-10 

21 Write Data hold from WEO, WE1 (low) 2t-5 

22 Write Data setup to CAS32 (low) 2t-5 

23 Write Data hold from CAS32 (low) t-5 
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MCLK 

VCLK 

MA 

MDIH 

MDIL 

CAS1D 

OE1D 

~ X COL 1 X'-_~ _______ _ 
~i~~Vi i--11 i--:+n!'j i1t:7i 

____ ~------~Xi i X~~~X i ><~ ______ _ 
:_:16_1~: :·i'jf:_17_: 

----~---------..X i : X X i X---------
• 1~ . : 

----~\~~====~:~+-~3~_+~·'~ ~'!-: ---------
_____ ~4 ===-- 4 : ~:,.--_--;-____ :---______ __ 

\+=~5+( 
_______ +-__ ~+-~6~~ : : 

\ i i / 
WED, WEl 

WE2, WE3 

RAS32 
(1) 

:'-2-+ !-1, 0;+, !, 

~41 rl 
-----4----i----....;...----;....: ---:-: -----\ -5-V'--------

~:: : :"""":-2 __ i _3 __ i 
!4 : 4 .: 

OE32 i \ 1_9_/ 

i~_10_: 

FIGURE C-10. CPU READ NON-PAGE MODE, CRT READ 

NO. CPU READ AND CRT READ, NON-PAGE MODE MIN. MAX. 
MCLK = 45.046 MHz 

1 RAS10 (RAS32) pulse width low 5t-25 5t 

2 RAS10 (RAS32) low to CAS10 (CAS32) (low) 2t-11 2t+2 

3 CAS10 (CAS32) low to RAS10 (RAS32) (high) 3t-15 3t+10 

4 RAS10 (RAS32) low to CAS10 (CAS32) (high) 5t-20 5t 

5 CAS10 (CAS32) pulse width low 3t-20 3t 

6 CAS10 low to OE10 (low) t-6 t+5 

7 CAS32 low to OE32 (low) t-6 t+5 

8 CAS10 high to OE10 (high) t-6 t+5 
t = 1/MCLK 
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NO. CPU READ AND CRT READ, NON·PAGE MODE MIN. MAX. 
MCLK = 45.046 MHz (Continued) 

9 CAS32 high to OE32 (high) t-6 t+5 

10 OE10,OE32 pulse width low 3t-20 3t 
11 Row address setup to RAS10, RAS32 (low) t-12 t+10 
12 Row Address hold from RAS10, RAS32 (low) t-5 t+15 
13 Column Address setup to CAS10, CAS32 (low) t-12 t+10 
14 Column Address hold from CAS10,CAS32 (low) 1.5t 1.5t+25 
15 Random Read Cycle 9t-2 

16 Read Data setup to CAS10, CAS32 (high) 10 
17 Read Data hold from CAS10, CAS32 (high) 15 
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9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

MCLK 

MA(8:0) 

RAS10 

CAS10 

RAS32 

CAS32 

OE32 

L-__ +-____ ~~--~----~----------._----~1----2----

1_ : 26 ~ 1_24 

1--25-1 :-27-..j 

, , 
------------------__ 1--- 23 _: 

MD(15:0) _______________________ ...J'-__ ....... "-____ J'-__ ..J' ____ J ...... __ --' '--__ _ 

FIGURE C-11. DRAM PAGE MODE-READ TIMING 

NO. PAGE MODE READ ACCESSES 
MCLK = 45.046 MHz 

l' Page mode cycle time CAS 10 low to CAS low 

2 RAS10 Precharge 

3 RAS10 low to CAS10 high (first) 

4 RAS10 low to CAS10 low 

5 First CAS10 pulse width high 

6 CAS10 pulse width high 

7 CAS10 low to RAS10 high 

8 CAS32 low to RAS32 high 

9 Row address setup to RAS10 low 

10 Row address hold from RAS10 low 

11 Column address setup to CAS10 low 

12 Column address hold from CAS10 

13 Column address setup to CAS32 

• First cycle IS +2t longer than this spec 
t = 1/MCLK 

ADVANCED INFORMA TlON 11120191 

MIN. MAX. 

5t-2 

4t-6 4t+14 

5t-20 5t-2 

2t-11 2t+2 

4t-10 4t+10 

2t-10 2t+10 

3t-15 3t+4 

5t-15 5t+4 

t t+16 

t-5 t+5 

t-15 t+1 

1.5t 1.5t+18 

t-15 t+8 
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NO. PAGE MODE READ ACCESSES MIN. MAX. 
MCLK = 45.046 MHz (Continued) 

14 Column address hold from CAS32 low 1.5t-15 1.5t+2 

15 Row address setup to RAS32 low t-15 t+5 

16 Row address hold from RAS32 low t-8 t+5 

17 RAS32 low from RAS10 low 4.5t-7 4.5t+7 

18 Read data setup to CAS high 10 

19 Read data hold from CAS high 15 

20 OE10 (OE32) pulse width low 3t-20 3t 

21 OE10 (OE32) low after CAS10 low (CAS32) t-6 t+6 

22 OE10 (OE32) high after CAS10 high (CAS32) t-6 t+6 

23 CAS10 (CAS32) pulse width low 3t-20 3t 

24 Page mode cycle time CAS32 low 5t-2 
to CAS32 low 

25 RAS32 low to CAS32 high (first) 5t-22 5t 

26 RAS32 low to CAS32 low 2t-11 2t+2 

27 First CAS32 pulse width high 2t-11 2t+ 11 
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2 3 

Vertical blanking = 
(Vtotal + 2 - 240) X lP 
'0( 

239 24P 2 

lP~ 
:, : _ '600 t 

't_!~;'--'t' 

FP 

FR __ ---'1--- (V total + 2) X If = (V t9tal) X 1600t - .... 1 __ _ 
, .... 

lP ~_8t_---!nL-__ ---Jn!-. __ --lnL-__ _ 

XSClK 

160 
~ 

111111 111111 

160 
~ 

III1II 111111 

160 
~ 

111111 IIIIII 

lP -llf--------------'nl--. __ 
XSClK 

UD(3:0) 
lD(3:0) 

: __ 164 ~1 2 3 158 159 160 ' 156t : 

~~ 
: min 80ns --1 ~ ~ min 80ns ----..i 8t i+-: 

~ 

FIGURE C-12. WD90C22 LCD TIMING DIAGRAM (t=VCLK) 
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VCLK 

IOR,IOG,IOB 

FR/BLANK 
-+-: 7 I.... J ~ -., 7 I ..... 1..-_-1" 

FIGURE C·13. RAMDAC TIMING 

NO. PARAMETER MIN. TYPICAL 

1 VCLK Pulse Width High Time 9 

2 VCLK Pulse Width Low Time 9 

3 Analog Output Delay 

4 Analog Output Rise/Fall Time 3 

5 Analog Output Settling Time 20 

6 Clock Frequency 

7 Blanking Delay Time" 
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, . . , , ' , , 
-,4,_ _,5,_ 

MCLK ~ \-3-/ \ :/. '\' / 
VCLK ,- 2---.., , ' , , , , , 

, 

PCLK / \ l \ I \ 
6 7 

UD(3:0) X X X LD(3:0) 

FIGURE C-14. CRT CLOCK TIMING 

NO. PARAMETER MIN. MAX 

1 Input Clock (VCLK, MCLK) t t 

2 Input Clock High Time 40% 60% 

3 Input Clock Low Time 40% 60% 

4 Input Clock Rise Time 3 

5 Input Clock Fall Time 3 

6' UD(3:0), LD(3:0) setup time to PCLK (high) 
Mode 0 20 
Mode3 10 
Mode 4 20 
Mode 12 10 
Mode 13 20 

7' UD(3:0), LD(3:0) hold time from PCLK (high) 
Mode 0 10 
Mode 3 10 
Mode 4 10 
Mode 12 10 
Mode 13 2 

, For external RAMDAC II 
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RESET 

MD(15:0) 

Vee 

IOR/MEMR 

NO. 

1 Vee 

2 RESET 

AC OPERA TlNG CHARACTERISTICS AND TIMING DIAGRAMS 

.. , 
'-1-' •• --2--•• ' . ,---------,. 

------~--~1. \~ ______________ __ 

---'-------<~! )>----
__ -J/' 

, 

:~5----...1 
• 

FIGURE C-1S. RESET TIMING 

PARAMETER 

high to RESET (high) 

pulse width 

MIN. MAX. 

100ns 

100t 

3 MD(15:0) setup to RESET (low) 2t 

4 MD(15:0) hold from RESET (low) 2t 

5 RESET to first IOR/MEMR 10t 
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7 
-- I I 

RAS10 ~ 
3 -% ~ 4 

I 

:-1-' 

=x I 

X MA(8:0) 
:+----2-.~ , 

I , 

7.' t ~ 5 
RAS32 6 II : 

I • 7 - I I I 

FIGURE C-16. RAS ONLY DRAM REFRESH TIMING 

NO. PARAMETER MIN. MAX. 

1 MA(8:0) setup to RAS 1 0 active t 

2 MA(8:0) hold to RAS32 active t 

3 RAS10 low time 5t-20 5t+10 

4 RAS10 high time 4t-10 

5 RAS32 low time 5t-20 

6 RAS32 high time 4t-10 4t+10 

7 RAS cycle time 9t-10 9t+10 
t = MCLK 

• 
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MCLK lJ1JUl.J1JlJUUlJUl 

I+-- 1A ---.1...----- 1B ---. LI ____ _ 

?:~I 1..- 7 ~I 
,------,1..- :2A ~I" 2B ~ LI _--'-_---' 

:.-- 6---.-
"~ 

1+--5~. 
__ ~I . 

I~ DRAM REFRESH FOR PLANES 1,0 

1~1A~I~1B ~L 
I ........ 3 ---":~I I ........ 7 ----.1 

'---___ ---',-----,1 +--2A~1 .. 28 ~ LI __ _ 

1.---- 5 ---.: 

I~ DRAM REFRESH FOR PLANES 3,2 

FIGURE C-17. CAS BEFORE RAS DRAM REFRESH TIMING 

NO. CAS BEFORE RAS DRAM REFRESH TIMING MIN. MAX. 

1A RAS10 (RAS32) pulse width low 5t-10 5t+10 
1B RAS10 (RAS32) pulse width high 5t-10 5t+10 

2A CAS10 (CAS32) pulse width low 4t-5 4t+5 
2B CAS10 (CAS32) pulse width high 6t-5 6t+5 

3 CAS10 (CAS32) low to RAS10 (RAS32) (low) 2t-10 2t+10 

4 RAS10 (RAS32) low to CAS10 (CAS32) (high) 2t-10 2t+10 

5 OE10 (OE32) high to RAS10 (RAS32) (low) 4t-8 5t+8 

6 RAS10 (RAS32) low to OE10 (OE32) (low) 30t 

7 RAS10 (RAS32) high to CAS10 (CAS32) (low) 3t-5 3t+20 
. (Precharge) 

f. -I 1 • .1"'. 1/ 
L = I/IVlvL~ 
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REFRESH ------'\.'-_____ ~/: 
' .. 3 ..... ' 
, ~~:---------------

, 
CAS 

RAS 

FIGURE C-18. CAS BEFORE RAS REFRESH (Power-Down Mode) 

NO. PARAMETER MIN. MAX. 

1 CAS low from REFRESH (low) 20 

2 RAS low from CAS (low) 30 

3 CAS high from REFRESH (high) 20 

4 RAS high from CAS (high) 30 

• 
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FP 

LP 

XSCLK 

DATA 

NOTE: - 11 = 1 VCLK = 40 ns 
- 1 XSCLK = 21 
- DATA: R1 - UD3 

G1- UD2 
81-UD1 
R2- LD2 
G2- LD2 
82-LD1 

AC OPERA TlNG CHARACTERISTICS AND TIMING DIAGRAMS 

FIGURE C-19. STN COLOR LCD INTERFACE TIMING 
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PR1A (7:6) = 00 ~ 

PR1A (7:6) = 01 ~ 

IOCHRDY 
PR1A (7:6) = 10 ~ 

PR1A (7:6) 11 > I 

FIGURE C-20. IOCHRDY RELEASE TIMING IN MEMORY READ CYCLE 

III 
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PR1A (5:4) = 00 ~ I 

_____ _' PR1A (5:4) = 01, release CPU cycle 

IOCHRDY 
_____ ~--' PR1A (5:4) = 10, release CPU cycle 

PR1A (5:4) = 11, release CPU cycle 

FIGURE C-21. lOCH ROY RELEASE TIMING IN MEMORY WRITE CYCLE 
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C.1 DC and RAMDAC SPECIFICATIONS 

SUPPLY PINS 

PARAMETER MIN MAX CONDITIONS 

VCC 4.1V 4.7V Pins 9, 28, 53, 67, 94 
RVCC 4.75V 5.25V Pin 108 
AVCC 4.75V 5.25V Pin 123 

WD90C22 TYPICAL CURRENT/POWER CONSUMPTION 

FREQUENCY (MHz) 

MODE 25 MHz 

DISPLAY ACTIVE 149.4 mA 
671.5 mW 

SYSTEM POWERDOWN • 2.0mA 
9.4mW 

DISPLAY IDLE 16.0 mA 
72.0 mW 

GENERAL POWERDOWN 25.0 mA 
W/EXT. CLK CONTROL •• 113.0 mW 

GENERAL POWERDOWN 16.0 mA 
W/INT. CLK CONTROL 72.0 mW .. 

Conditions: AVCC (Pin 123) = 5.0 volts 
RVCC (pin 108) = 5.0 volts, 

28 MHz 

166.8 mA 
750.0 mW 

2.0mA 
9.4mW 

18.0 mA 
80.5 mW 

25.0 mA 
113.0 mW 

18.0mA 
80.5 mW 

DIGITAL VCCs (pins 9,28,53,67,94) = 4.4 volts 
Display type active when measurements taken: LCD. 

• - VCLK frequency is 32 KHz 
•• - VCLK frequency is 2.0 MHz 

INPUT PINS 

32 MHz 

182.8 mA 
822.2 mW 

2.0mA 
9.4mW 

20.5 mA 
91.5 mW 

25.0 mA 
113.0mW 

20.5 mA 
91.5 mW 

WD90C22 

36 MHz 

197.9 mA 
890.3 mW 

2.0mA 
9.4mW 

21.5mA 
96.0mW 

25.0 mA 
113.0 mW 

21.5 mA 
96.0mW 

PINS LA17-19, SBHE, MEMEN, EIO/3C3DO, ALE, MEMR/M/IO, PWRDN, MEMW/SO, 
IOR/S1, IOW/CMD, RESET, REFRESH, MCLK, VCLKO, SAO-16 (PINS 3-8,11, 
38-44 98 99 117-122 124-132 1 2) 

PARAMETER MIN MAX CONDITIONS 

VIL -0.5V 0.8V 
VIH 2.0V VCC+0.6 
ilL -10 uA 10 uA VIN = OV TO VCC 

TABLE C-2. D.C. TEST SPECIFICATIONS 
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PIN VREF (PIN 111) 

PARAMETER MIN MAX CONDITIONS 

VINANALOG -0.5V 2.0V 
ilL -10 uA 10 uA VIN = OV TO VCC 

-100 uA 100 uA VIN = OV TO VCC+0.6V 

PIN MDETECT/FSADJUST (PIN 112) 

PARAMETER MIN MAX CONDITIONS 

VIL -0.5V 0.8V 
VIH 2.0V VCC+0.6 
ilL -10 uA 10 uA VIN = OV TO VCC 

PIN ALL INPUTS 

PARAMETER MIN I MAX I CONDITIONS 

CIN I 6 PF I 

PINS IRQ/IRQ, MA0-8, RAS10, RAS32, CAS10, CAS32, WEO, WE1, WE2, WE3, 
OE10 OE32 PINS 12, 45-52 55-65) 

PARAMETER MIN MAX CONDITIONS 

VOL O.4V IOL=3.0mA 
VOH 2.4V 10H = -4.8mA 

PINS EBROM/CDSFDBK, HBDIR, LBDIR, LP/HSVNC, FPIVSVNC, FR/BLANK, RPLT, 
WPLTIVD9 LD0-3 UDO-3, (PINS 13 16 17,89-93 100-107) 

PARAMETER MIN MAX CONDITIONS 

VOL D.4V 10L= 1.5mA 
VOH 2.4V 10H = -3.6mA 

PINS MEMCS16\CDS16, IOCHRDV (PINS 14, 15) 

PARAMETER MIN MAX CONDITIONS 

VOL D.4V 10L= 16.DmA 
VOH 2.4V 10H = -8.DmA 

TABLE C-2. D.C. TEST SPECIFICATIONS (CONTINUED) 
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PINS RED, GREEN, BLUE (PINS 114-116) 

PARAMETER MIN MAX CONDITIONS 

VOUT -o.s 1.S See RAMDAC Specification 

PIN LCD/CRT (PIN 110) 

PARAMETER MIN MAX CONDITIONS 

VOL OAV 10L= 6.0 rnA 
VOH 2.4V 10H = -6.0rnA 

PINS PCLK, XSCLK, WGTCLK (PINS 86-88) 

PARAMETER MIN . MAX CONDITIONS 

VOL OAV 10L= 6.0 rnA 
VOH 2AV 10H = -6.0rnA 

I/O PINS 

PINS VCLK2, VCLK1 (PINS 96, 97) 

PARAMETER MIN MAX CONDITIONS 

VIL -O.SV 0.8V 
VIH 2.0V VCC+0.6 
VOL OAV 10L= 1.S rnA 
VOH 2AV 10H = -3.6rnA 
10Z -so uA SOuA VOUT = OV TO VCC 

PINS SDO-15, MDO-15 (PINS 36-29, 26-19, 84-77,75-68) 

PARAMETER MIN MAX CONDITIONS 

VIL -O.SV 0.8V 
VIH 2.0V VCC+0.6 
VOL OAV 10L= 3.0 rnA 
VOH 2AV 10H = -4.8rnA 
10Z -SO uA SOuA VOUT = OV TO VCC 

PINS ALL OUTPUTS AND I/O'S 

PARAMETER MIN MAX CONDITIONS 

COUT 30 PF 

TABLE C-2. TEST SPECIFICATIONS (CONTINUED) 
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PINS BLUE, GREEN, RED PINS (114-116) 

PARAMETER MIN TYP MAX CONDITIONS 

DAC RESOLUTION 6 BITS 

INTEGRAL LINEARITY 1/2 LSB Least Squares Fit 
ERROR 

DIFFERENTIAL LINEARITY 1/2 LSB Least Squares Fit 
ERROR 

WHITE LEVEL RELATIVE 13.3BmA 14.0BmA 14.79mA VREF = 1.235, 
TO BLACK RSET = 221 Ohms 
BLACK LEVEL -20uA 20uA 

GRAY SCALE CURRENT 20mA 
RANGE 

LSB SIZE 223.5 uA VREF = 1.235, 
RSH = 221 Ohms 

GRAY SCALE ERROR 5.0% 

GLITCH ENERGY 50 
pJOULES 

SETTLING TIME 20 NS R <= 150 Ohms, 
100 PF 

CLOCK FEED THROUGH 20 
pCOULOMB 

DAC TO DAC MATCHING 5% 

OUTPUT COMPLIANCE -5% +5% 
CURRENT TOLERANCE 
OUTPUT COMPLIANCE -0.5V +1.5V 
VOLTAGE RANGE 

VOLTAGE REFERENCE 1.14 1.235 1.26 

VOLTAGE REFERENCE 10 uA 
INPUT CURRENT 

TABLE C-3. RAMDAC SPECIFICATIONS 
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PACKAGE DIMENSIONS AND SPECIFICATIONS WD90C22 

0.0 PACKAGE DIMENSIONS AND SPECIFICATIONS 

r P1N NO. 1 (REF) 

1.103 
1.097 

.800 REF 

t--_____ 1 .085 _------:,...:-/ ___ ~ 
1.075 / 

~ __ .953 ____ 7-___ ~ 

.947 

f4-----.800 REF--------t 

f--_____ 1.1 03 --------l 
1.097 

FIGURE D·1.132·PIN PQFP PLASTIC FLAT PACKAGE 
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SEATING PLANE 

.180:---100_-1 

.160 

.016 

.008 

Side View 

~_Oo 

[.030 
.020 

~ 
-r •. 012 

T _ .008 =*, 

PACKAGE DIMENSIONS AND SPECIFICA TlONS 

Bumper Detail 

Detail A 

0.061 

0.078 

0.010 RAD. 
TYP. 

4DEG 
TYP. 

FIGURE D·1.132·PIN PQFP PLASTIC FLAT PACKAGE (CONTINUED) 
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MAXIMUM RA TlNGS 

E.O MAXIMUM RATINGS 

Ambient temperature under bias 
Storage temperature 
Voltage on all inputs and outputs with respect to Vss 
Power dissipation 

Power Supply Voltage 

oOe to 70°C 
-40°C to 125°C 
-0.3 to 6.5 volts 
1.2 watt 

4.1 to 4.7 volts 

WD90C22 

NOTE: Stresses above those listed under Maximum Ratings may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions 
above those indicated in the operational section of the specification is not implied. Exposure to maxi
mum rating conditions for extended periods may affect product reliability. 
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INTRODUCTION 

1.0 INTRODUCTION 
This introduction contains the following informa
tion: 

Product Scope 

Product Features 

General Description 

1.1 SCOPE 

The WD90C26 VGA Laptop Display Controller al
lows control of a flat-panel display, along with simul
taneous display on a traditional CRT. The 
WD90C26 supports all of today's mono and color 
flat-panel technologies. 

The WD90C26 has improved power management 
capabilities and a performance-scaling capability 
that makes it an ideal video solution for low battery 
drain portable computer applications. 

1.2 FEATURES 

True 64-gray scale in including 640 by 480 
by 256 mode 

Simultaneous display (with all types of flat
panels)' 

'WD90C26LV' low voltage version available 

On-board VGA compatible RAMDAC 

Zero wait-state performance 

Adjustable video FIFO depth and fast page 
mode memory timing 

System interface write buffering 

Flexible display memory configuration (2, 3 
or four 256K by 4 DRAMs or one 256K by 16 
DRAM) 

8- or 16-bit I/O and memory interface 

True 16-bit CPU to display memory data 
transfer in all modes 

27K colors on 9-bit TFT color LCD panel, 
256K colors on 9-bit STN LCD panel, and 4K 
undithered direct colors on 12-bit TFT color 
LCD panel 

WD90C26 

Full screen presentation in simultaneous dis
play mode 

Hardware auto-centering and vertical expan
sion 

Up to 16 load able fonts 

Supports 800 by 600 by 256 and 1024 by 
768 by 16 non-interlaced modes on CRT dis
play 

Hidden register support for 100% hardware 
compatibility with IBM's VGA standards 

100% compatibility with CGA, MDA, Her
cules Graphics 

Typical power dissipation of 450 mW at 5V 
operation 

Up to 65 MHz maximum video clock rate on 
CRT display 

Up to 45 MHz maximum video clock rate on 
LCD display 

Up to 45 MHz maximum memory clock rate 

On-chip 8/16-bit ISA Bus (AT bus) interface 

On-chip 8- or 16-bit Micro Channel interface 

I/O mapping improves board level testability 

Enhanced power down management modes 

144-pin EIAJ package 

Compatible with WD90C55 color STN LCD 
interface 

* Patent pending 

1.3 GENERAL DESCRIPTION 

The Western Digital WD90C26 is a 0.9 micron 
CMOS VGA controller designed to simultaneously 
drive a flat-panel display and the traditional analog 
CRT with a minimum of external components. The 
only additional components required for a complete 
flat-panel VGA subsystem are 1, 2, 3, or 4 DRAMs 
and video/memory clock sources. Contained on
board are a RAMDAC and a flat-panel interface. 
The full-featured RAMDAC is capable of directly 
driving P/S2 style analog color or monochrome 
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monitors. The full-featured flat-panel interface is 
capable of supporting LCD, plasma, and EL and 
other flat-panel technologies. 

The WD90C26's scalable architecture allows it to 
be used with either 2, 3, or 4 external 256K by 4 
DRAMs or one 256K by 16 DRAM. Basic VGA 
performance is available with the minimum 2 DRAM 
configuration or the single 256K by 16 DRAM con
fig-uration. Added panel support and enhanced 
VGA modes are available using 3 or 4 256K by 4 
DRAMs. 16-bit video memory performance is also 
available using the 4 256K by 4 DRAM configura
tion or the single 256K by 16 DRAM configuration. 
DRAM utilization is firmware controllable, allowing 
the scaling of 'DRAM power consumption or in
creasing performance. 

Western Digital's superior orthogonal 64-gray scale 
to 64-gray scale mapping technology allows system 
developers to 'hand tune' each of the shades in the 
64-gray scale to provide the most realistic linear 
gray scale shading for a particular panel. This is 
achieved through use of a firmware programmable 
64-word gray scale lookup table on-board the 
WD90C26. 

As with all Western Digital VGA offerings, the 
WD90C26 is 100% compatible with IBM VGA, 
CGA, MDA, and Hercules video systems. Through 
the use of its hidden, or 'shadow' registers, the 
WD90C26 can be programmed to support fixed
LCD screen sizes, yet appear to the host as capable 
of displaying the variety of screen pitches available 
with analog monitors. System routine modifications 
to video system registers, thus shadowed or hid-
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den, do not destroy the WD90C26's ability to dis
play the desired information on a flat-panel display 
as well. 

The WD90C26's auto-centering and vertical expan
sion features provide full-screen flat-panel displays 
even in video modes with lower resolutions than 
those of the panel. A unique expansion algorithm 
provides for realistic appearance of both text and 
graphics on expanded displays, without requiring 
the use of special expanded display fonts. 

Advanced power management features include: 

Separate supply pins for certain functions so 
that parts of the chip may be externally 
powered off 

The capability to slow down internal clocks 
to conserve power and to deactivate or tri
state liD pins during power-down and reset 
modes 

Power sequencing that can be used to con
trol power supply and interface signals, and 
to prevent panel burnout 

Also included in the WD90C26 is an advanced TFT 
support circuit that allows display from a palette of 
27K colors on 9-bit interface color panels. 

The WD90C26 directly supports TFT displays with 
12-bit interfaces with undithered 12-bit direct colors 
from a 4K palette for optimum 12-bit display perfor
mance. 
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2.0 ARCHITECTURE 
This section describes the architecture of the 
WD90C26. A block diagram of the architecture is 
shown in Figure 2-1. The components described 
are: 

System Interface Logic 

CRT Controller 

Video Sequencer 

Video Graphics Controller 

Video Attribute Controller 

RAMDAC 

Flat Panel Adapter 

Display Memory Interface 

Power-Down Control 

2.1 SYSTEM INTERFACE LOGIC 

The WD90C26 includes a host system interface for 
direct connection to an ISA standard bus or IBM 
compatible Micro Channel. The interface allows the 
following features: 

Full 16-bit I/O and memory cycles 

Zero wait-state performance capability 

16-bit to 8-bit data path conversion 

Full decoding of 16 MBytes of memory 
space for mapping of video memory, without 
requiring external decode logic 

Internal buffering of system operations to 
speed performance 

External video BIOS ROM 

2.2 CRT CONTROLLER 

A VGA-compatible CRT controller includes the fol
lowing functions: 

Generates video buffer addresses for screen 
refresh operations 

WD90C26 

Generates monitor synchronization signals 

Controls an alpha-numeric cursor 

May be set with remapped register locations 
to operate as a CGA, MDA, or Hercules 

Register shadowing 

2.3 VIDEO SEQUENCER 

The VGA compatible video sequencer is the central 
timing and memory control section of the 
WD90C26. Its functions include the following: 

Generation of memory handshake signals 

Control of CRT controller timings 

Provision of general interface timing and con
trol signals to the balance of the WD90C26 

2.4 VIDEO GRAPHICS CONTROLLER 

The VGA video graphics controller performs VGA 
graphics operations on video data such as AND, 
OR, XOR, rotate, and color comparison functions. 

2.5 VIDEO ATTRIBUTE CONTROLLER 

The WD90C26's video attributes are added to dis
play data by the Video Attribute Controller. Data 
added includes: 

Standard text attributes 

VGA graphics mode attributes 

Cursor display 

Screen border color 

The Video Attribute Controller also performs data 
conversion from modes like packed pixel, planar, or 
text mode into video data to be presented to the 
RAMDAC. 
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2.6 RAMDAC 

Integrated into the WD90C26 is a fully VGA-com
patible high-speed 18-bit RAMDAC. This RAMDAC 
directly drives VGA and super-VGA color or 
monochrome analog monitors. 

2.7 FLAT-PANEL ADAPTER 

The flat-panel adapter takes video information from 
the WD90C26's internal RAMDAC color palette 
RAM and converts it into the format appropriate for 
the type of panel to be attached. 

The following functions occur in the flat-panel 
adapter: 

"Digital DAC" color to monochrome gray 
scale conversion 

Gray scale mapping 

Gray shade dithering 

Color STN LCD panel dithering circuitry 

Row buffering 

Frame buffering 

Panel format conversion 

2.7.1 Color to Gray Scale Conversion 

For monochrome flat-panel display of what normal
ly would be a color analog video output, a digital 
equivalent of the RAMDAC function is required to 
sum color information together into video signals. 
This function is accomplished through use of a 
digital equivalent of the DAC function, which takes 
the RGB color to gray scale weighting color palette 
RAM outputs and converts them to their digitally 
weighted monochrome equivalent. Weighting is 
performed using NTSC standard algorithms, and 
may be disabled for ~,,4onochrcme Display Ii\dapter 
emulation applications. 

2.7.2 Gray Scale Mapping 

The WD90C26's flat-panel adapter circuitry incor
porates an orthogonal 64-word by 64 gray-scale to 
gray-shade mapping RAM. This mapping RAM ser
ves as a firmware-programmable lookup table that 
may be configured to map gray scale value from 

ARCHITECTURE 

color-to-gray scale conversion into the dithered 
gray-scale shades best suited to a particular panel 
model. 

Maximum flexibility in 'tuning' the WD90C26 to work 
with a particular panel model's characteristics is 
possible via this mapping RAM. Its size also allows 
finer control when selecting dithering patterns from 
the 64-shade monochrome dithering circuitry, al
lowing any monochrome panel to perform to its best 
in displaying visually accurate gray scales. 

Control of gray scale selection is facilitated by the 
WD OEM User Utility. Please refer to the application 
note for details. 

2.7.3 Gray Shade Dithering 

Monochrome gray shade dithering circuitry 
provides a total of 64 shades of gray on 
monochrome flat-panel displays. All 64 shades may 
be simultaneously displayed. Simultaneous display 
of 64 shades in VGA modes is possible in 256 color 
modes only. 

2.7.4 Color STN Dithering 

For color 4-bit interface STN panels, the WD90C26 
dithering circuitry supports color display from the 
full 256K VGA palette. 

2.7.5 Color TFT Panel Dithering Circuitry 

For Color TFT panels, dithering circuitry supports a 
total of 27K colors 9-bit interface panels. 

2.7.6 Direct 12-bit TFT Panel Support 

The WD90C26 drives 12-bit TFT panels with direct 
undithered color for a palette of 4K colors. 

2.7.7 Row Buffering 

Monochrome dual-panel displays (most 
monochrome LCDs) can be directly supported by 
the WD90C26 due to its capability to internally 
buffer alternate panel rows. 
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When simultaneous display on CRT and 
monochrome dual panel displays is not required, no 
external frame buffer memory is needed to support 
a monochrome dual-panel style LCD. 

2.7.8 Frame Buffering 

The WD90C26 includes a frame buffering capability 
that allows simultaneous display on a CRT and on 
a dual-panel monochrome display. This function 
requires that a 256K by 4 DRAM be attached to the 
Bank B memory interface. 

When simultaneous display is not required, the 
WD90C26's internal row buffering provides all the 
required support for a dual-panel display. 

2.7.9 Panel Format Conversion 

The internal panel format conversion circuit 
provides the flexibility to reformat color or 
monochrome panel data into the particular pixel 
grouping required. 

2.8 DISPLAY MEMORY INTERFACE 

The display memory interface that maps 
videomemory DRAM is controlled by two separate 
external memory buses. These buses allow the 
accommodation of the changing needs of pefor
mance, support feature, and power conservation. 
Descriptions of these buses follow. 

WD90C26 

The Bank A bus is used for interfacing to 8-bit video 
memory configurations, or as the lower byte 16-bit 
video memory configurations. 

The Bank B bus is used as the frame buffer inter
face when simultaneous display on a CRT and a 
dual-panel display is desired. 

When simultaneous display with a dual-panel dis
play is not required, the Bank B bus can either be 
used to access the upper byte of a 16-bit video 
memory, or shut down to conserve power. 

2.9 POWER-DOWN CONTROL 

The WD90C26's ability to control power consump
tion allows it to work successfully in portable ap
plications. Power consumption is managed by the 
power-down control block, which performs the fol
lowing functions: 

Turns off clocks to unused portions of the 
WD90C26 

Provides refresh signals to video memory 
when normal refresh functions are shut down 

Controls wakeup/sleep cycling 

Reduces chip power during power-down 
mode 

Sequences chip reset operations 
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3.0 INTERFACES 
3.1 INTRODUCTION 

This section describes the following WD90C26 in
terfaces: 

System Interface - Allows the WD90C26 to 
directly interface to ISA bus-based systems 
or to Micro Channel-based systems 

BIOS Support Interface - Allows the 
WD90C26 to provide an enable output for ex
ternal video BIOS memory 

Video Memory Interface - Allows connection 
of either 2, 3, or 4 256K by 4 DRAMS or one 
256K by 16 DRAM 

Video Interface - Alliows direct connection to 
most PC-compatible CRTs and to a wide 
range of industry-standard flat-panel types 

Clock Interface - Controls clock oscillators or 
allows up to four separate frequency inputs 

Power Management Interface - Allows con
trol of chip power consumption 

3.2 SYSTEM INTERFACE 

The WD90C26 is designed to directly interface to 
ISA bus based systems or to Micro Channel based 
systems. 

System interface selection is done by pulling high 
or Iowa video memory data line at time of chip reset. 

For both Micro Channel and ISA Bus operations, 
the WD90C26 is mapped into the system I/O ad
dress space as the standard set of video I/O 
registers for the particular video system being emu
lated. 

Four extensively indexed registers at locations 
3B5h/3D5h and 3C5h and 3CFh are used to control 
the vast amount of features beyond those of stand
ard VGA operation. 

WD90C26 

The WD90C26 has a 1-1/2 word write buffer which 
operates as a 2-cycle write buffer. This allows the 
WD90C26 to operate with a very high percentage 
of true zero wait state performance. 

The WD90C26 is designed to be a portable com
puting device where driving a large capacitive bus, 
such as found in traditional PCs, is not a factor. To 
reduce power consumption, the WD90C26's sys
tem interface has been designed to drive typical 
loadings found in laptop applications where bus 
devices are few and closely grouped. 

3.2.1 ISA Bus Interface 

The WD90C26 interfaces to an ISA bus at bus clock 
rates of up to 12.5 MHz. The WD90C26 supports 
full 16-bit memory and I/O transfers. Support of 
16-bit memory transfers is independent of whether 
the WD90C26 has an a-bit or 16-bit video memory 
path, although increased performance occurs when 
a 16-bit video memory is available. 

The following ISA Bus signals are directly sup
ported by the WD90C26: 

LA[23:17] 
SA [16:0] 
BALE 
SBHE 
AEN 
SD[15:0] 
MEMR 
MEMW 
lOR 

lOW 
MEMCS16 
IOCS16 
10CHRDY 
SRDY (OWS) 
REFRESH 
RESET 
IRQ 

LA addresses are latched internal to the WD90C26 
by the ALE signal to eliminate bus timing problems 
in some common system implementations. 
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3.3 MICROCHANNEL INTERFACE 

The WD90C26 directly supports the following Micro 
Channel interface signals: 

A[23:0] 
ADL 
CDSFDBK 
MilO 
D[15:0] 
CDDS16 
CDCHRDY 
CMD 

SBHE 
SO 
S1 
IRQ 
CDSETUP 
CHRESET 
REFRESH 
MADE24 

In addition, the WD90C26 supports both an internal 
and external decode of I/O address 3C3 bit 0 as a 
video memory and liD decode enable. 

For full Micro Channel compatibility, only the lower 
16 bits of system address bus are decoded for liD 
accesses. 

WD90C26 

3.4 BIOS SUPPORT INTERFACE 

The WD90C26 can be configured to provide an 
enable output for external video BIOS memory. The 
WD90C26 can support 8- or 16-bit BIOS widths and 
can be configured to automatically map this exter
nal BIOS in to the system memory map at time of 
reset, and then selectively map it in or out there
after. Decodes of the 32K of VGA video BIOS 
address space as defined in the VGA architecture 
are provided, with an ability to dynamically map out 
the highest 2K of the 32K space. 

3.5 VIDEO MEMORY INTERFACE 
The WD90C26 is designed to operate with either 2, 
3, or 4 256K by 4 DRAMs or a single 256K by 16 
DRAM, with a variety of performance available at 
each step. The figure on the next page illustrates 
this implementation. 
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3.5.1 2 DRAM Implementation 

In this implementation, the WD90C26 can support 
the following: 

simultaneous display on a CRT and any non
dual-panel flat-panel display such as active 
matrix (TFT), multiplexed (STN) color, plas
ma, and EL. 

non-simultaneous display with a dual-panel 
multiplexed (STN) LCD or mono. 

256 color mode in a 640 by 400 resolution 
display. 

This memory configuration provides for the lowest 
active power utilization since only two external 
DRAMs are active. During this time, Bus B memory 
connections are held static ortri-stated for minimum 
power dissipation. 
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3.5.2 3 DRAM Implementation 

When 3 DRAMs are used, the WD90C26 can addi
tionally support the following: 

simultaneous display of a CRT and a dual
panel multiplexed(STN) LCD display. 

The upper nibble of the B bus memory data 
BMD[7 :4] remains tri-stated during the three DRAM 
mode. 

DRAM #3 may be disabled under firmware control 
when this simultaneous display feature is not 
needed, allowing power savings when the two dis
plays are not simultaneously connected or when 
the flat-panel is not a dual-panel type. 
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3.5.3 4 DRAM Implementation 

In addition to the features of the 2 DRAM and 3 
DRAM modes, the following feature is supported: 

the ability to use 16-bit 512K video RAM ex
cept in those occasional times when a dual 
panel multiplexed display and a CRT are 
used simultaneously. 

Bank B of DRAM may also be disabled by firmware 
for power reduction, and as before DRAM #3 may 
be used alone for simultaneous display support of 
a dual panel display and CRT, while DRAM #4 is 
disabled. 
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FIGURE 3-4. SINGLE 256K BY 16 IMPLEMENTATION 

3.5.4 Single 256K by 16 DRAM 
Implementation 

The WD90C26 may be used with a single 2 CAS 
256K by 16 DRAM, providing 512K of video 
memory and 16-bit memory performance. Simul
taneous display operation with all flat-panel types 
except dual-panel LCD's Is allowed. 
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3.6 VIDEO INTERFACE 

The WD90C26 supports a number of video inter
faces allowing it to directly connect to most PC 
compatible CRTs and to a wide range of industry
standard flat-panel types. This support is achieved 
through configurable CRT and flat-panel interfaces. 

3.6.1 Flat Panel Interface 

One of the key features of the WD90C26 is a 
configurable video output port designed for support 
of a number of flat-panel technologies. This port is 
designed to directly support the following flat-panel 
types without requiring external interface formatting 
circuitry: 

Monochrome STN multiplexed dual panel 
LCD displays with one upper panel pixel and· 
one lower panel pixel per clock, one bit per 
pixel interfaces. 

Monochrome plasma panel displays with 
one pixel per clock, 4 bits per pixel interfaces. 

Monochrome EL panel displays with one 
pixel per clock, 4 bits per pixel interfaces. 

Monochrome TFT panel displays with one 
pixel per clock, 4 bits per pixel interfaces 

Color STN single panel multiplexed LCD dis
plays with one pixel triad per clock, 3 bits per 
pixel triad (one red, one green, one blue) in
terfaces. 

Color single panel active matrix TFT LCD dis
plays with one pixel per clock, 3 bits per 
pixel interfaces. 

Color single panel active matrix TFT LCD dis
plays with one pixel per clock, 4 bits per 
pixel interfaces. 

Programmable flat-panel timing signals allow wide 
degrees of flexibility in configuring pane! interfaces, 
making the WD90C26 usable with most popular 
flat-panel designs for PC applications. 

For flat panel designs with more unique timing 
requirements, the WD90C26 is designed to directly 
interface with the WD90C55 Color Interface 
Device. 
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3.6.2 Analog CRT Interface 

The WD90C26 includes a complete VGA compat
ible CRT interface with on-board 256 by 18-bit 
RAMDAC, which can directly drive analog VGA 
compatible color or monochrome displays. The in
terface is also capable of driving older EGA or 
monochrome compatible displays. 

3.6.3 External RAMDAC Interface 

For applications where use of an external RAMDAC 
or equivalent external function is desired, the 
WD90C26's flat-panel interface can be configured 
as an industry-standard RAMDAC interface instead 
of flat-panel pixel data. This allows the WD90C26 
to be used in applications where a 24-bit RAMDAC 
is needed or where special panel pixelization tech
niques are required. 

3.7 CLOCK INTERFACE 

The WD90C26 has four clock input signal pins: 

VCLKO 

VCLK1 

VCLK2 

VCLK3 

Three of these (VCLK 2, 1, and 0) are normally 
connected to oscillators. VCLK1 and VCLK2 may 
be configured to control an external clock mUlti
plexor or clock generator. In this configuration, 
VCLKO becomes the clock input while VCLK1 and 
VCLK2 become outputs used to drive the multi
plexor select inputs. 

The memory clock input, MCLK, is used by the 
internal logic to generate all memory timing and 
may be up to 45 MHz for 70nsec DRAMs. 

3.8 POWER MANAGEMENT INTERFACE 

The WD90C26's power management interface 
controls power-down mode operations including 
DRAM refresh modes and four power reduction 
modes are available providing a range of function 
and power savings. 

16-14 ADVANCED INFORMATION 11/25/91 



SIGNAL DESCRIPTIONS 

4.0 SIGNAL DESCRIPTIONS 
4.1 INTRODUCTION 

This section contains a pin diagram, a pin table, and 
a signal description summary for the following 
groups of pins: 

System Interface Pins 

EBROM_ SD[15:8] _ 
MEMW/SO MEMR/M/IO 
IOCS16/CDSETUP MEMCS16/==-C=DD="'S:::-"1c-6 
5BHE BALE/MADE24 
IRQ/IRQ IOR/S1 ---
IOW/CMD AEN/3C3DO 
50[7:0] OWS/CDSFBK 
IOCHRDY/CDCHRDY LA[19:17] 
SA[16:0] LA221R3 
LA23/BLW1 M LA20/B3 
LA21/G3 IRQ/IRQ 

Display Buffer Memory Interface Pins 

BMA[8:0] 
BWE 
AOE 
ARAS 
AWE 

BRAS 
ACAS 
AMA[8:0] 
BCAS 
BOE 

Internal DAC Analog Interface 

ANAREO ANAGRN 
ANABLU PNLOFFIWPLT 
FSADJ/MDET VREF/DACDISA 

Clock Generation Interface 

VCLKONCKIN 
VCLK1NCSLDNCSEL 1 
MCLK 
VCLK2NCSELNCSELH 

Panel Interface 

HSYNC 
FR/BLANK 
EN DATA 
FP 

VSYNC 
XSCLK 
LP 
PNLENA 

Power Down Control Pins 

PWRDWN RESET 
REFRESH 

Power Pins 

VDD 
PVDD 
AVDD 
RVDD 
BVDD 

VSS 
BVDD 
AVSS 
RVSS 
BVSS 
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FIGURE 4-1. WD90C26 PIN DIAGRAM, 144-PIN JEDEC PQFP PACKAGE 
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PIN·NAME PIN· NAME PIN· NAME PIN • NAME 

1 - BMA8 38 - IOW/CMO 75 - ANAREO 112 - AM05 
2 - BMA7 39 - AEN/3C300 76 - AVOO 113 - AM04 
3 - BMA6 40 - S07 77- SA11 114 - VOO 
4 - BMA5 41 - S06 78 - SA12 115 - AM03 
5 - BMA4 42 - S05 79 - SA13 116 - AM02 
6 - BMA3 43 - S04 80 - SA14 117 - AM01 
7 - BMA2 44 - BVOO 81 - SA15 118 - AMOO 
8 - PVOO 45 - SE3 82 - SA16 119 - BM07 
9 - BMA1 46 - S02 83 - LA17 120 - BM06 
10 - BMAO 47 - S01 84- LA18 121 - BM05 
11 - BRAS 48 - SOO 85 - LA19 122 - BM04 
12 - BWE 49 - VOO 86 - VSS 123 - VSS 
13 - PNLENA 50 - VSS 87 - LA20/B3 124 - BM03 
14 - PNLOFFIWPLT 51 - IOCHROY/ 88 - LA21/G3 125 - BM02 

COCHROY 
15 - PWROOWN 52 - OWS/COSBFK 89 - LA221~ 126 - BM01 
16 - RESET 53 - VCLKO 90 - LA23/BLW1M 127 - BMOO 
17 - REFRESH 54 - VCLK1/ 91 - RPLT/BO 128 - ACAS 

VCSLO/ 
VCSEL1 -

18 - VSS 55 - VCLK2I 92 - LOO 129 - AOE 
VCEU 
VCSELH 

19 - EBROM 56 - MCLK 93 - L01 130 - AMA8 
20 - S015 57 - SAO 94 - L02 131 - AMA7 
21 - S014 58 - SA1 95 - L03 132 - PVOO 
22 - S013 59 - SA2 96 - BVOO 133- AMA6 
23 - S012 60 - SA3 97 - UOO 134 - AMA5 
24 - S011 61 - SA4 98 - U01 135 - AMA4 
25 - S010 62 - SA5 99 - U02 136 - AMA3 
26 - S09 63 - SA6 100 - U03 137 - AMA2 
27 - S08 64 - SA7 101 - XSCLK 138 - AMA1 
28 - BVOO 65 - SA8 102 - PCLK 139 - AMAO 
29 - MEMW/SO 66 - RVOO 103 - VSS 140 - ARAS -- -
30 - MEMR/M/IO 67 - RVSS 104 - ENOATA 141 - AWE 
31 - IOCS16/ 68 - SA9 105 - LP 142 - VSS 

COSETUP 
32 - VSS 69 - SA10 106 - FP 143 - BCAS --
33 - MEMCS16/ 70 - AVSS 107 - FR/BLANK 144 - BOE 

COOS16 
34 - SBHE 71 - FSAOJ/MOET 108 - HSYNC 145 - N/A 
35 - BALE/MAOE24 72 - VREF/OACOISA 109 - VSYNC 
36 - IRQ/IRQ 73 - ANABLU 110 - AM07 
37 - IOR/S1 74 - ANAGRN 111 - AM06 

TABLE 4-1. PIN ASSIGNMENTS 
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4.2 SYSTEM INTERFACE PINS 

The following table describes each System Interface pin on the WD90C26. The WD90C26 system interface 
can be configured for either ISA bus or Micro Channel interface support by setting DCONF/2 high or low 
by pulling high or low the AMD2 pin at reset. Other configuration options may also be selected by setting 
configuration bits high or low at reset through pulling memory data lines high or low. 

PIN MNEMONIC 1/0 DESCRIPTION 

16 RESET I WD90C26's Initialization Signal 
Typical usage in ISA Bus based system: connected to ISA Bus 
RESET signal,Typical usage in Micro Channel based system: 
connected to Micro Channel RESETDRV signal. 

17 REFRESH I Input Active Low DRAM Refresh 
The WD90C26 uses this input to initiate refresh operations to 
its video buffer memory. It also uses this signal as a negative 
qualifier for memory read operations. 

19 EBROM 0 Enable BIOS ROM 
In BIOS ROM Map-in mode, where CONF(O)=O the WD90C26 
drives this output low when it decodes system accesses to 
video BIOS ROM and a memory read operation is requested 
from an address range identified within the WD90C26 as a 
video BIOS ROM address. If CONF(0)=1 this pin remains in-
active high. 

29 MEMW/SO I Memory Write 
MEMW if CONF(2)=1 (ISA Bus Mode). Memory write input 
from ISA bus. 

Decode MicroChannel Bus Cycles 
SO if CONF(2)=0 (Micro Channel Mode). 

When the WD90C26 is in ISA Bus mode. This pin is the in-
dustry standard MEMW bus signal, and indicates to the 
WD90C26 that a memory write bus cycle is occurring. 

When the WD90C26 is in Micro Channel mode, this pin is the 
Micro Channel SO channel status input, which the WD90C26 
uses, along with S1 , MilO, and CMD, to decode Micro 
Channel bus cycles. 

TABLE 4-2. SYSTEM INTERFACE PINS 
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PIN MNEMONIC 1/0 DESCRIPTION 

30 MEMR/MIIO I Memory Read 
MEMR if CONF(2)=1 (ISA Bus Mode). 

When the WD90C26 is in ISA Bus mode, this pin is the in-
dustry-standard MEMR bus signal. This indicates to the 
WD90C26 that a memory read bus cycle is occurring. 

--
Because MEMR may also be active during refresh cycles, the 
WD90C26 internally gates MEMR with REFRESH. 

MemoryllO Cycle 
MIlO if CONF(2)=O (Micro Channel Mode) 

When the WD90C26 is in Micro Channel mode, this pin is the 
MIlO signal from the Micro Channel bus. A high input at this pin 
is interpreted by the WD90C26 as a Micro Channel Bus 
Memory cycle. A signal at this pin indicates a Micro Channel 
Bus I/O cycle to the WD90C26. 

31 IOCS16/CDSETUP I/O 1/0 Chip Select 16 
O.C. IOCS16 if CONF(2)=1 (ISA Bus Mode). Open collector 

Indicates the WD90C26 supports 16-bit I/O operations at the 
"current"I/O address. 

In ISA Bus mode, pin 31 becoming active low is an indication to 
the ISA Bus that it supports 20-bit 110 transfers at the 16-bit I/O 
address being Rresented to it. Otherwise this pin is in a high-im-
pedance state. IOCS16 is not gated by any other signals. Its 
function is independent of other bus control lines, bus modes, 
or register settings. IOCS16 is not affected by AEN. 

Card Setup 
CDSETUP if CONF(2)=0 (Micro Channel Mode). 

In Micro Channel mode, this pin is the card setup input indicat-
ing to the WD90C26 to perform setup functions. 

TABLE 4·2. SYSTEM INTERFACE PINS (Continued) 
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PIN MNEMONIC I/O DESCRIPTION 

33 MEMCS16/ 0 Memory Chip Select 16 
CDDS16 O.C. MEMCS16 if CONF(2)=1 (ISA Bus Mode). 

In ISA bus mode, pin 33 is an indication to the system that the 
WD90C26 supports 16-bit memory transfers at the system ad-
dress being presented. 

In ISA Bus applications, pin 33 is typically connected to the ISA 
Bus MEMCS16 signal. 

Card Data Size 16 
CDDS16 if CONF(2)=0 (Micro Channel Mode) 

In Micro Channel applications pin 33 indicates a 16-bit 
resource available at the address. 

34 SBHE I System Byte Hi Enable 
SBHE indicates to the WD90C26 the mapping of bytes into 
high or low registers on write operations and the ordering of 
high and low bytes during read operations. 

35 BALE/MADE24 I Address Latch Enable 
BALE if CONF(2)=1 (ISA Bus Mode) 

Typical usage in ISA Bus based system: connected to ISA Bus 
BALE signal. 

When the WD90C26 is in ISA Bus mode this pin is the industry 
standard BALE signal input to the WD90C26. A high level is in-
terpreted by the WD90C26 as an indication that the system ad-
dress is setting up on its SA bus inputs to be latched on the 
falling edge of this signal. To ensure compatibility across a 
variety of platforms, the WD90C26 latches LA 17-LA23 with the 
fall of BALE. 

Memory Address Enable 24 
MADE24 if CONF(2)=0 (Micro Channel Mode). 

When the WD90C26 is in Micro Channel mode, this pin is the 
Micro Channel MADE24 input to the WD90C26 and is used by 
the WD90C26 as an indication that the system address is in 
tht:l holn'AI_1 e::: fl.JI 0+\11""\ r .......... """ 
.""" ................ f v .V.UL10 IQII~O'. 

TABLE 4-2. SYSTEM INTERFACE PINS (Continued) 
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PIN MNEMONIC 1/0 DESCRIPTION 

36 IRQIIRQ 0 Interrupt Request 
Active high if CONF(2)=1 (ISA Bus Mode), Active Low if in 
Micro Channel mode. Open Collector in Micro Channel mode. 

Description of function of IRQ in both ISA and Micro Channel 
Modes is as follows: 
When bit 5 of the VGA Vertical Retrace End Register (1/0 Ad-
dress 3?5h index 11) is set to 0, this signal is set active at the 
occurrence of the end of vertical display of a frame of active 
video. IRQ stays active until cleared by momentarily setting bit 4 
of the Vertical Retrace End Register to 0 and then back to 1. 

When bit 5 of the VGA Vertical Retrace End Register is set to 0 
the activation of this pin is disabled, forcing its output to be low in 
ISA bus mode or high impedance in Micro Channel mode. 

NOTE: This pin can only be configured or the interrupt cleared if 
the Vertical Retrace End Register is unlocked by setting PR3 bit 0 
high. 

37 10RIS1 I 1/0 Read 
lOR if CONF(2)=1 (ISA Bus Mode). 

When the WD90C26 is in ISA Bus Mode, this pin indicates to 
the WD90C26 that an 1/0 read bus cycle is to occur. lOR may 
also be active during DMA cycles and is therefore internally 
qualified by AEN. 

S1 Cycle Decode 
S1 if CONF(2)=0(Micro Channel Mode). 

When the WD90C26 is in Micro Channel mode (AMD2 low at 
reset), this pin is the Micro Channel S"L£hannel status input, 
which the WD90C26 uses, along with SO, MIlO, and CMD, to 
decode Micro Channel bus cycles. 

38 10W/CMD I 1/0 Write 
lOW if CONF(2)=1 (ISA Bus Mode). 

When the WD90C26 is in ISA Bus mode, this pin indicates to 
the WD90C26 that an 1/0 read bus cycle is to occur. The 
WD90C26 internally qualifies lOW write requests with AEN. 

Command 
CMD if CONF(2)=0 (Micro Channel Mode) 

When the WD90C26 is in Micro Channel mode, this pin is inter-
preted by the WD90C26 as the CMD signal from a Micro 
Channel bus. The WD90C26 uses this signal to properly 
decode cycle types. 

TABLE 4-2. SYSTEM INTERFACE PINS (Continued) III 
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PIN MNEMONIC I/O DESCRIPTION 

39 AEN/3C3DO I Address Enable 
AEN if CONF(2)=1 (ISA Bus Mode). 

When active high, this signal disables the WD90C26 from per-
forming ISA bus read or write accesses. When low, system ac-
cesses to the WD90C26 are enabled. 

Video Subsystem Enable Port, Data Bit 0 Input 
3C3DO if CONF(2)=O (Micro Channel Mode). 

This signal typically comes from bit 0 of 110 port 3C3h. A high 
input at this pin enables the WD90C26's ability to respond to 
Micro Channel bus accesses. In Micro Channel mode, 110 
writes to the WD90C26 of a '1' to 110 port 3C3 bit 0 also 
enables the WD90C26. 

51 10CHRDY/ 0 I/O Channel Ready Status 
CDCHRDY O.C. 10CHRDY if CONF(2)=1 (ISA Bus Mode). 

110 Channel Ready status when active high. 

When the WD90C26 is in ISA Bus Mode (see section on con-
figuration bits for description of use of AMD2 as a mode con-
figuration pin), pin 51 is the industry-standard 10CHRDY bus 
signal, and indicates readiness of the WD90C26 in responding 
to ISA bus read and write cycles. When the WD90C26 cannot 
complete the desired bus cycle within the standard or 0 wait 
cycle times, it will de-assert 10CHRDY until it is ready to com-
plete the transfer. 

Channel Ready 
CDCHRDY if CONF(2)=1 (Micro Channel Mode). 

When the WD90C26 is in Micro Channel Mode, CONF(2)=O), 
pin 51 is the CDCHRDY signal to a Micro Channel bus. The 
WD90C26 drives this pin low when additional cycle time is re-
quired. 

In Micro Channel mode, CDCHRDY is brought to its high-im-
pedance inactive state by the rising edge of the signal to pin 
48, CMD. 

Under typical conditions of video memory speeds and bus 
rates, the WD90C26 does not cause 10CHRDY or CDCHRDY 
to go inactive low or cause CDCHRDY to occur later than the 
minimum requirement, except in certain instances when a 
write operation results in an internal write data buffer overflow. 

TABLE 4-2. SYSTEM INTERFACE PINS (Continued) 
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PIN MNEMONIC 1/0 DESCRIPTION 

52 OWS 0 Zero Wait State 
CDSFBK O.C. OWS if ISA Bus Mode CONF(2)=1 (ISA Bus Mode). 

This pin is the WD90C26's indication of readiness to support 
zero wait state option. The description of PR32 includes infor-
mation on how to configure the WD90C26's support of OWS. 
The WD90C26 drives this signal low when 0 wait cycles can be 
supported. Otherwise this signal is tri-stated. 

Card Selected Feedback 
CDSFBK if CONF(2)=1 (Micro Channel Mode). 
Feedback to the Micro Channel interface of CD status. 

Driven active low by the WD90C26 as an acknowledgment of 
its selection. Does not go active if CDSETUP is active low. It is 
tri-stated when not being driven active low. 

TABLE 4·2. SYSTEM INTERFACE PINS (Continued) 
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4.2.1 System Interface Data Signals 

PIN MNEMONIC I/O DESCRIPTION 

SD15 is the MSB and SDO is the LSB of the 16-bit system data bus in ISA bus and Micro Channel 
bus architectures. 

The WD90C26's system data signals may be directly connected to the host system data bus, 
provided the WD90C26 drivers are adequate when host system data bus loading considerations are 
made. The full data sheet provides specifics about bus drive capabilities. 

20 SD15 I/O System Data 15 

21 SD14 I/O System Data 14 

22 SD13 I/O System Data 13 

23 SD12 110 System Data 12 

24 SD11 I/O System Data 11 

25 SD10 I/O System Data 1 0 

26 SD9 110 System Data 9 

27 SD8 I/O System Data 8 

40 SD7 110 System Data 7 

41 SD6 I/O System Data 6 

42 SD5 I/O System Data 5 

43 SD4 110 System Data 4 

45 SD3 110 System Data 3 

46 SD2 I/O System Data 2 

47 SD1 I/O System Data 1 

48 SD1 I/O System Data 0 

TABLE 4-3. SYSTEM INTERFACE DATA SIGNALS 
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4.2.2 System Interface Address Signals 

PIN MNEMONIC I/O DESCRIPTION 

SA9-SAO are used by the WD90C26 as the 1/0 address during ISA bus or Micro Channel 1/0 cycles. 

SA 16-SAO are used as the lower 17 bits of the WD90C26's 24-bit memory address during ISA bus or 
Micro Channel memory cycles. 

SA16 is the MSB and SAO is the LSB of the 17-bit system address bus. 

57 SAO I System Address 0 

58 SA1 I System Address 1 

59 SA2 I System Address 2 

60 SA3 I System Address 3 

61 SA4 I System Address 4 

62 SA5 I System Address 5 

63 SA6 I System Address 6 

64 SA7 I System Address 7 

65 SA8 I System Address 8 

68 SA9 I System Address 9 

69 SA10 I System Address 10 

77 SA11 I System Address 11 

78 SA12 I System Address 12 

79 SA13 I System Address 13 

80 SA14 I System Address 14 

81 SA15 I System Address 15 

82 SA16 I System Address 16 

LA 19-LA 17 are additionallatchable system address signals. LA 19 is the MSB of the 20 bit below-1-
megabyte memory address bus in ISA bus and Micro Channel bus architectures, formed by using 
LA 19-LA 17 and SA 16-SAO. The WD90C26 uses the resulting memory address, along with either the 
BLW1 M signal or decodes of LA23-LA20, for accesses to its video memory buffer DRAM. In certain 
other modes, the WD90C26 uses the address formed by LA 19-5AO, along with a 1 MB block decode 
from LA23-LA20, to access the WD90C26's DRAM video buffer as above-1-megabyte memory. 

In ISA bus mode CONF(2}=1}, LA 19-LA 17 are inputs to a transparent latch internal to the WD90C26 
that allows LA19-LA17 to propagate in, while BALE is active high. LA19-LA17 are then captured when 
BALE goes inactive low. 

In Micro Channel Mode CONF(2}=0}, LA 19-LA 17 are also address inputs. 

TABLE 4-4. SYSTEM INTERFACE ADDRESS SIGNALS II 
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PIN MNEMONIC I/O DESCRIPTION 
83 LA17 I Latchable System Address 17 

84 LA18 I Latchable System Address 18 

85 LA19 I Latchable System Address 19 

87 LA20/B3 I/O Latchable System Address Bit 20 

LA20 if pull-up on MD 7 (Full Decode Mode). 
Blue MSB for 12-bit panel interface. 
B3 if pull-down on MD7 and in 12-bit panel mode. 

88 LA21/G3 I/O Latchable System Address Bit 21 

LA21 if pull-up on MD 7 (Full Decode Mode). 
Green MSB for 12-bit panel interface. 
G3 if pull-down on MD7 and in 12-bit panel mode. 

89 LA22/R3 I/O Latchable System Address Bit 22 

LA22 if CONF(7)=1 (Full Decode Mode). 
Red MSB for 12-bit panel interface. 
R3 if pull-down on MD7and in 12-bit panel mode. 

90 LA23/BLW1M I Latchable System Address Bit 23 

LA23 if MSB of the 24-bit system address formed by 
LA(23:17) and SA(16:0). 

Below 1 megabyte Address Decode 

--
BLWIM if CONF(7)=1 (12-bit I/F mode). Active low input from 
external decode indicating that the system address is in the 
below-1-megabyte address range of OOOOOOh to FFFFFFh. 

TABLE 4-4. SYSTEM INTERFACE ADDRESS SIGNALS (Continued) 
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4.3 DISPLAY BUFFER MEMORY 
INTERFACE PINS 

The display memory interface is designed for connection of up to four 256K by 4 or one 256K by 16 
fast-page-mode DRAMs. This section is divided into the following subsections, which provide tables 
describing the data signals below: 

• Bank A Video Memory Data Bus Signals 

• Bank B Video Memory Data Bus Signals 

4.3.1 Bank A Video Memory Signals 

PIN MNEMONIC I/O DESCRIPTION 

BANK A VIDEO MEMORY DATA BITS 

110 AMD7 I/O Bank A Memo!}, Data Bit 7 

111 AMD6 I/O Bank A Memory Data Bit 6 

112 AMD5 1/0 Bank A Memory Data Bit 5 

113 AMD4 1/0 Bank A Memory Data Bit 4 

115 AMD3 1/0 Bank A Memory Data Bit 3 

116 AMD2 1/0 Bank A Memory Data Bit 2 

117 AMD1 1/0 Bank A Memory Data Bit 1 

118 AMDO 1/0 Bank A Memory Data Bit 0 

BANK A VIDEO MEMORY ADDRESS BITS 

130 AMA8 0 Bank A Memory Address Bit 8 

131 AMA7 0 Bank A Memory Address Bit 7 

133 AMA6 0 Bank A Memory Address Bit 6 

134 AMA5 0 Bank A Memory Address Bit 5 

135 AMA4 0 Bank A Memor}, Address Bit 4 

136 AMA3 0 Bank A Memory Address Bit 3 

137 AMA2 0 Bank A Memory Address Bit 2 

138 AMA1 0 Bank A Memory Address Bit 1 

138 AMAO 0 Bank A Memory Address Bit 0 
Primary 9-bit video buffer DRAM address bus. 
AMA8 is the MSB and AMAO the LSB. 

128 ACAS 0 CAS Bank A 

Column address strobe for video memory buffer DRAM bank 
A, consisting of 256K by 4 DRAMs #1 and #2. When 256K 
by 16 DRAM is used, this is the lower CAS strobe output 
and the BCAS signal is the upper CAS strobe input. 

129 AOE 0 Output Enable Bank A 

Output Enable control for video memory buffer DRAM bank 
A. When 256K by 16 DRAM is used, this is the DRAM out-
put enable strobe. 

TABLE 4-5. BANK A VIDEO MEMORY SIGNALS 
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PIN MNEMONIC 1/0 DESCRIPTION 
140 ARAS 0 RASBankA 

Row address strobe for video memory buffer DRAM banks A, 
consisting of 256K by 4 DRAMs #1 and #2. When a 256K by 
16 DRAM is used, this is the DRAM RAS strobe output. 

141 AWE 0 Write Enable Bank A 

Write Enable control for video memory buffer DRAM bank A. 
When a 256K by 16 DRAM is used this is the DRAM write 
enable output. 

TABLE 4-5. BANK A VIDEO MEMORY SIGNALS (Continued) 
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4.3.2 Bank B Video Memory Signals 

PIN MNEMONIC 1/0 DESCRIPTION 
BANK B VIDEO MEMORY DATA BITS 

119 BMD 1/0 Bank B Memory Data Bit 7 
120 BMD 1/0 Bank B Memory Data Bit 6 

121 BMD 1/0 Bank B Memory Data Bit 5 

122 BMD 1/0 Bank B Memory Data Bit 4 
124 BMD 110 Bank B Memory Data Bit 3 
125 BMD 1/0 Bank B Memory Data Bit 2 
126 BMD 1/0 Bank B Memory Data Bit 1 
127 BMD 1/0 Bank B Memory Data Bit 0 

BANK B VIDEO MEMORY ADDRESS BITS 
1 BMA 0 Bank B Memory Address Bit 8 

2 BMA 0 Bank B Memory Address Bit 7 

3 BMA 0 Bank B Memory Address Bit 6 
4 BMA 0 Bank B Memory Address Bit 5 
5 BMA 0 Bank B Memory Address Bit 4 
6 BMA 0 Bank B Memory Address Bit 3 
7 BMA 0 Bank B Memory Address Bit 2 
9 BMA 0 Bank B Memory Address Bit 1 
10 BMA 0 Bank B Memory Address Bit 0 
11 BRAS 0 RAS Bank B 

Row address strobe for video memory buffer DRAM bank B, 
consisting of 256K by 4 DRAM #3 or 256K by 4 DRAMs #3 and 
#4. 

12 BWE 0 Write Enable Bank B 

Write Enable control for video memory buffer DRAM bank B. 
143 BCAS 0 CAS Bank B 

Column address strobe for video memory buffer DRAM bank 
B, consisting of 256K by 4 DRAM #3 or 256K by 4 DRAMs #3 
and #4. When a 256K by 16 DRAM is used, this is the upper 
CAS strobe output. 

144 BOE 0 Output Enable Bank B 

Output Enable control for video memory buffer DRAM bank B. 

TABLE 4-6. BANK B VIDEO MEMORY SIGNALS 
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4.4 CRT INTERFACE SIGNALS 

Internal DAC analog interface pins are described in the following table. 

PIN MNEMONIC I/O DESCRIPTION 
75 ANARED 0 CRT Red Drive 

AnaloIl 
74 ANAGRN 0 CRT Green Drive 

Analog 

73 ANABLU 0 CRT Blue Drive 
Analog 

72 VREFI I Attach External Precision Reference Input 
DACDISA 

VREF if above Vss DAC reference voltage. The input for at-
tachment of an external precision reference used by the 
WD90C26's internal DAC for regulation purposes. 

Disable Internal DAC 
DACDISA if tied to Vss. 

If the internal DAC is not needed to drive a CRT, this input 
may be grounded to disable the internal DAC. 

71 FSADJI I DAC Full-Scale Adjustment 
MDET AID 

FSADJUST if pin 72 is above Vss. 

Monitor Detect Input 
MDET if pin 72 is tied to Vss. 

If pin 72 is above Vss, this pin serves as the input for a DAC 
full-scale current adjust external resistor or potentiometer. 

If pin 72 is tied to Vss, this pin is a digital input to which may 
be connected an external monitor detect circuit as part of an 
external RAMDAC support. A low level at this pin causes bit 4 
of the VGA input status register 0, at 3C2h as detection of 
monitor connection to the VGA subsystem. 

TABLE 4-7. DAC ANALOG INTERFACE PINS 
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PIN MNEMONIC 1/0 DESCRIPTION 

91 RPLT/BO 0 Read Palette 

If not configured for a color TFT interface, this pin is the ac-
tive low read pulse to the external RAMDAC or equivalent cir-
cuit. 

Blue Data Bit 0 

If the WD90C26 has been configured for a 9- or 12-bit color 
TFT interface, this pin is the low-order blue video data output 
to a panel. This output is static low if the external panel is not 
enabled or if the panel is not a color interface. The setting of 
bit 2 determines whether the WD90C26 is configured for a 
TFT interface. 

108 HSYNC 0 CRT Horizontal Sync 

HSYNC is the CRT horizontal sync control signal output. It 
may be directly attached to CRT monitor connections. Its ac-
tive low or high level is programmable as is its position and 
duration. 

This pin is inactive when the WD90C26 is in power-down 
modes or CRT display is not enabled. 

Control of horizontal sync polarity is done by setting register 
bits in the VGA Miscellaneous Output Register and in PR3 
and PR39. 

109 VSYNC 0 CRT Vertical Sync 

VSYNC is the CRT vertical sync control signal output. It may 
be directly attached to CRT monitor connections. Its active 
low or high level is programmable. 

This pin is inactive when the WD90C26 is in power-down 
modes or CRT display is not enabled. 

Control of vertical sync polarity is done by setting register bits 
in the VGA Miscellaneous Output Register and in PR3 and 
PR39. 

TABLE 4-7. DAC ANALOG INTERFACE PINS (Continued) 
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4.5 CLOCK GENERATION INTERFACE 
PINS 

Clock generation interface pins are described in the following table. 

PIN MNEMONIC I/O DESCRIPTION 

53 VCLKO/vCLKN I Video Clock 0 
VCLKO if CONF(3)=1. 

The primary of four possible video clock inputs to the 
WD90C26. VCLKO is the main video clock to the WD90C26. 

Video Clock Input 
VCLKN if CONF(3)=O 

If AMD[3] is high while RESET is active, this pin is VCLKN, 
the video clock input from an external frequency source or 
multiplexer, whose frequency is controlled by Miscellaneous 
Write Register bit 2, and depending on PR 15 bit 5, bit 3, of 
the Miscellaneous Write Register. Selection of the video shift 
clock is internally overridden if MCLK has been selected by 
the settinQ of PR15 bit 4. 

54 VCLK11 II Video Clock 1 
VCSLDI 01 VCLK1 if f pulldown on AMD[3]. 
VCSELL 0 

If AMD[3] is low while RESET is active, pin 54 is the VCLK1 
signal, VCLK1 is the second of four possible video clock in-
puts to the WD90C26, which are internally selected to pro-
vide video shift clock rates for various screen formats and 
display types. 

Video Clock Select Load 
VCSLD if CONF(3)=O. 

This signal is typically used as a video clock select load con-
trolline to an external multiple video frequency source. 

Video Clock Select Low 
VCSELL if CONF(3)=O and PR15(5)=1 

The lower order signal of VCSELL. VCSELL are outputs 
used as select lines to an external video clock source mUlti-
piexer. 

TABLE 4-8. CLOCK GENERATION INTERFACE PIN TABLE 
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PIN MNEMONIC 1/0 DESCRIPTION 

55 VCLK21 1/ Video Clock 2 
VCSEU 0/ VCLK2 if CONF(3)=1. 
VCSELH 0 

The third of four possible video clock inputs to the WD90C26, 
which are internally selected to provide video shift clock rates 
for various screen formats and display types. 

Video Clock Select 
VCSEL if CONF(3)=O and PR15(5)=O. 

VCSEL is typically used as a video clock select control link to 
an external multiple video frequency source. Its output fol-
lows the setting of WD90C26 register PR2 bit 1. 

Video Clock Select High 
VCSELH if CONF(3)=O and PR15(5)-1. 

The higher order signal of VCSELH, VCSELL, which are out-
puts used as select lines to an external video clock source 
multiplexer. 

56 MCLK I Memory Timing Clock Input 

This signal is the memory timing clock input to the 
WD90C26. Its speed dictates video memory access timing 
and speeds as well as system I/O timing. 

MCLK may also serve as one of four possible sources of 
video shift clock. 

TABLE 4-8. CLOCK GENERATION INTERFACE PIN TABLE (Continued) 
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4.6 PANEL INTERFACE PINS 

PIN MNEMONIC I/O DESCRIPTION 

13 PNLENA 0 LCD Enable 

PNLENA is intended to be used to control the attached 
panel's power supply. 

14 PNLOFFIWPLT 0 Panel Power Off 
PNLOFF if PR57 bit 2 is '0'. 
The Power-Off active high signal to an LCD panel's bias 
supply circuit. 

The PNLOFF signal is used as a power enable/disable to a 
control panel, and is tied to the WD90C26's power manage-
ment circuitry. The WD90C26 sequences this signal as part 
of the panel power/power-down procedures designed to 
protect panel circuitry. A high at this output indicates power-
off to the panel and a low power-on. 

Write Palette 
WPLT if PR57 bit 2 is '1'. 

If the WD90C26 has been configured for external DAC 
mode, WPL T is the write pulse to the external RAMDAC or 
equivalent circuit. 

102 PCLK 0 Pixel Clock 

This pin serves as a pixel clock output which may be used to 
latch pixel data from the WD90C26's video output bus into 
an external RAMDAC. Pixel data from the WD90C26 chan-
ges on the rising edge of PCLK and is intended to be 
latched into an external RAMDAC by the falling edge of 
PCLK. 

107 FR/BLANK 0 Frame Rate Signal 

FR if operation in any LCD modes. FR is a free-running 
clock which is intended to be connected to FR frame rate in-
puts on some LCD panels. Frequency of its signal is 
programmable. 

Blanking Control Signal 

--
BLANK is the standard analog VGA RAMDAC blanking sig-
nal. Output when the WD90C26 is not operating in any ICD 
modes. 

TABLE 4-9. PANEL INTERFACE PINS 
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PIN MNEMONIC 1/0 DESCRIPTION 
100 UD3 0 Upper Panel Data Bit 3 to Bit 0 
99 UD2 
98 UD1 In an LCD interface, these signals are used for the upper 
97 UDO panel data bus. In a plasma interface, they provide the pure 

4-bit video data interface. In a CRT interface, they are the 
upper four bitspjxel video out~uts to the RAMDAC. 

95 LD3 0 Lower Panel Data Bit 3 to Bit 0 
94 LD2 
93 LD1 In an LCD interface, these signals are used for the lower 
92 LOO panel data bus. In a plasma interface, they are reserved. In a 

CRT interface, they are the lower four bits pixel video out-
. puts to the RAMDAC. 

101 XSCLK 0 X Driver Shift Clock 

In a dual panel interface, this signal is used to shift the upper 
and lower panel's data into the X-driver. 

104 ENDATA 0 Weight Control Clock 

In an LCD interface, this signal is required to generate a gray 
scale in panels using pulse width modulation. In a Plasma 
interface, it is an "enable video" signal. 

106 FP 0 Frame Pulse 

FP is used as an indication to attached panels that a new 
frame has beoun. 

105 LP 0 Latch Pulse 

The LP output is intended to be used to latch all the current 
panel data into the current scan line of the panel. 

TABLE 4-9. PANEL INTERFACE PINS (Continued) 
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4.7 POWER-DOWN CONTROL PINS 

PIN MNEMONIC 1/0 DESCRIPTION 

15 PWRDWN I Input Active Low Power Down Control 

When active low, this pin causes flat-panel and CRT display 
update circuitry to halt. PNLENA goes inactive, PNLOFF 
goes active, and BLANK goes active. The internal 
RAMDAC's outputs are shut off. Flat-panel and CRT timing 
signals are halted. Video buffer memory and WD90C26 
registers are still accessible when PWRDWN is active. 

TABLE 4-10. POWER-DOWN CONTROL PINS 

4.8 POWER PINS 

PIN MNEMONIC 1/0 DESCRIPTION 

8, 132 PVDD Power Power-down section Voo supply. 

18,32,50, VSS Ground Ground Vss = OV. 
86, 103, 
123, 142 

28,44,90 BVDD Power Bus interface Voo supply for system bus, panel, CRT, and 
clock interfaces. 

49,114 VDD Power WD90C26 main Voo supply to core and memory data 
buses. 

66 RVDD Power RAM filtered palette Voo supply. 

67 RVSS Ground RAM palette Vss connection. 

70 AVSS Ground Internal DAC Vss connection. 

77 AVDD On .. ',.... .. 
I VYY'I;l'I FiltSiSd iniernai DAC Voo power connection. 

TABLE 4-11. POWER PINS 
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INTRODUCTION 

1.0 INTRODUCTION 
The Western Digital Imaging WD90C30 is a 0.9 
micron CMOS VLSI device that allows the design 
of a VGA graphics subsystem to interface with the 
PC/XT/AT bus, as well as the IBM Micro Channel 
bus, while maintaining backwards compatibility 
with previous video standards such as MDA 
EGA, CGA, Hercules and AT&T 6300. A majo; 
advantage of the WD90C30 is that designs im
plementing this graphics controller will be able to 
run applications requiring VGA hardware and 
BIOS compatibility, and also EGA register level 
compatibility on analog, TTL, or multifrequency 
monitors, in interlace or non-interlace mode. The 
WD90C30 supports high resolution graphics with 
1024 by 768 dot resolution and 256 colors. The 
WD90C30 also supports 132-column text mode 
and 6-16 pixel fonts. 

This data book supplies a functional overview, 
signal pin details, a block diagram, internal 
register descriptions, AC/DC characteristics, 
timing diagrams, VLSI package information, and 
associated references. 

1.1 FEATURES 

• Provides single chip video graphics solution 
for IBM PC, XT, AT, and PS/2 compatible 
systems. 

• Supports two, four or eight 64 Kbyte by 16 
DRAMs; four or eight 256 Kbyte by 4 
DRAMs; and one or two 256 Kbyte by 16 
DRAMs. 

• Pin compatible with the WD90C31 . 
• 100% hardware compatible with IBM's VGA 

and EGA with hidden register support. 
• 100% CGA, MDA, Hercules Graphics, and 

AT&T Model 6300 compatible. 
• Supports all IBM VGA modes with two 64K 

by 16 DRAMs or only one 256K by 16 
DRAM. 

• With more DRAMS installed it can support 
256 colors at the following resolutions: 640 
by 400, 640 by 480, 800 by 600, and 1024 
by 768. 

• Supports 132-column text. 
• Write buffer for zero wait state CPU write 

WD90C30 

performance. 
• 8-bit or 16-bit data bus for I/O and memory. 

True 16-bit CPU to video memory transfer 
for all modes. 

• Provides 16-bit or 32-bit memory interface 
with fast page operations. 

• Up to 80 MHz maximum video clock rate. 
• Up to 50 MHz maximum memory clock rate. 
• Up to four simultaneous displayable fonts. 
• 6-16 pixel-wide fonts. 
• A maximum of 16 fonts can be loaded. 
• Provides adapter video BIOS ROM 

decoding. 
• Eleven-bit vertical counter to support scan 

resolution of up to 2048 scan lines. 
• Special double scanning and underline. 
• Special display enable or blanking output 

signal. 
• Special border disable. 
• Lockable palette, RAMDAC, and overscan 

registers. 
• Special CRTC shadow registers for support 

of non-standard monitors. 
• Special register locking for flat panel 

applications. 
• Supports 16-bit 110 register transfer to 

index/data register pairs. 
• Adjustable internal FIFO and fast page 

memory interface. 
• 132-pin JEDEC (Joint Electronic Device 

Engineering Council) PQFP (Plastic Quad 
Flat Package). 

• 144-pin EIAJ (Electrical Industry 
Association of Japan) PQPF. 

• Integrated Feature connector interface and 
external RAMDAC support. 

• Integrated bus interface for PC/XT/AT, and 
Micro Channel with minimum external 
component support. 

• Programmable memory mapping register to 
map WD90C30 into any CPU memory 
address space. 

• Eight-bit CPU address offset register to 
support 1 Mbyte memory segmentation. 
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2.0 WD90C30 ARCHITECTURE 
The WD90C30 contains four major internal 
modules, the CRT Controller, the Sequencer, the 
Graphics Controller and the Attribute Controller. 
The WD90C30 also has four major interfaces: the 
CPU and BIOS ROM interface, the DRAM Display 
Buffer interface, the Video and RAMDAC inter
face, and the Clock interface. 

An internal four-level write buffer is used to 
achieve fast memory write. A zero wait state may 
be achieved with a 32-bit video memory interface 
for most memory write operations. 

An internal FIFO is used to achieve the video dis
play bandwidth necessary to interleave CPU ac
cesses and display refresh cycles. 

The CRT Controller module maintains screen 
refresh functions for the various display modes 
defined by the BIOS ROM resident firmware. The 
CRT Controller module also generates horizontal 
sync (HSYNC), vertical sync (VSYNC), and blank
ing signal for the display monitor. 

WD90C30 
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The Sequencer functions as a timing generator for 
the display memory cycles. It provides the charac
ter clock in the alphanumeric mode, and the dot 
clock in the graphics mode. The sequencer ar
bitrates between video display refresh, memory 
refresh and CPU access of the video memory. 
The sequencer also provides write buffer control. 

The Graphics Controller manipulates the data flow 
between the CPU and the video memory for both 
CPU write and CPU read cycles. 

The Attribute Controller serializes the video 
memory data into video data stream, according to 
different display formats. It controls blinking, un
derlining, cursor, pixel panning, reverse video, 
and background or foreground color in all display 
modes. 

I 
I 

VIDEO -
MEMORY 

256 KB - 1 MB r--
f--

ANALOG/DIGITAL 
OR COLOR/MONO MONIT 

(/)~ , 
: VUD (0-7) f---

FIXED OR , RAMDAC VARIABLE , ------- SCAN DATA, 
EXT/OSC 

rL 
JQ-!5) ~ 

MUX cLocK' : i-CRT - I 
CNTRl ' : CNTlR 

FIGURE 1. SYSTEM BLOCK DIAGRAM 

17-2 ADVANCE INFORMATION 1117191 



WD90C30 INTERFACES 

3.0 WD90C30 INTERFACES 
3.1 CPU AND BIOS ROM INTERFACE 

The WD90C30 is designed to operate in both the 
PC/XT/AT Bus and the PS/2 Micro Channel Bus 
architecture configurations. The selection of the 
mode depends on the setting of a configuration 
register bit CNF(2), which is determined upon 
power-up/reset, and is described in the WD90C30 
Configuration Bits section of this data book. 

Whether configured for either AT or Micro Chan
nel operation, the WD90C30 operates functionally 
in a manner conducive to PC/XT/AT or Micro 
Channel interfacing. The signal pins, memory 
maps, and I/O ports all operate to optimize this 
interface with minimal external circuitry. 

The WD90C30 provides all the signals, and 
decodes all the necessary memory and I/O ad
dresses to interface with the AT bus or the Micro 
Channel bus, in 8-bit or 16-bit data path modes. 
WD90C30 also provides the necessary decoding 
of the adapter video BIOS ROM. Using the 
provided signals, the customer can implement 
designs which operate in 8-bit or 16-bit mode and 
control an 8-bit or 16-bit BIOS ROM. 

The I/O data path can be programmed to be 
either 16-bit or 8-bit. The CPU to display buffer 
data path can also be eight or sixteen bits wide 
for all modes. ROM16, IOCS16, and MEMCS16 
signals are generated by the WD90C30. 

The WD90C30 has a display memory write buffer 
which holds the CPU write data until it can be 
transferred to the display memory, allowing the 
CPU to continue. This feature greatly reduces 
CPU wait states while writing to the video 
memory. 

The WD90C30 provides the necessary wait states 
for CPU accesses to the video memory, if neces
sary. Wait states for I/O accesses and BIOS ROM 
accesses are not generated. 

Special I/O ports such as 46E8H for the AT (or 
03C3H for Micro Channel) for setup, and 1 02H for 
VGA enable, have been implemented internally in 
the WD90C30. 

WD90C30 

3.2 DRAM INTERFACE 

The WD90C30 has a very flexible DRAM inter
face. It can work with two, four, or eight 64Kbyte 
by 16 DRAMs with a 32-bit memory interface. It 
can also work with four 256 Kbyte by 4 DRAMs 
and one 256 Kbyte by 16 DRAM with a 16-bit 
memory interface. Other possible configurations 
are eight 256 Kbyte by 4 DRAMS or two 
256Kbyte by 16 DRAMS with a 32-bit memory 
interface. In all cases the WD90C30 uses the 
DRAM fast page mode to optimize performance. 

The WD90C30 can support all standard IBM VGA 
modes with only two 64K by 16 DRAMs. Because 
it uses a 32-bit memory interface and has internal 
write buffer, the WD90C30 can update the video 
memory without inserting wait states to the AT bus 
for most standard IBM VGA modes. 

When additional DRAMs are installed, the 
WD90C30 is capable of supporting high resolu
tion video modes (1024 by 768 with 256 colors, 
non-interlaced at 72 Hz vertical refresh rate). 

The WD90C30 is designed to support DRAM (60 
ns, 70 ns, 80 ns, and 100 ns) with the dedicated 
MCLOCK which can operate from 32 MHz to 50 
MHz maximum. 

The WD90C30 generates fast page DRAM timing 
for all the CPU accesses, graphics display and 
text display (a choice of page mode and non-page 
mode operation is provided to access fonts in text 
modes). 

The WD90C30 also generates CAS before RAS 
DRAM refresh for the display memory. 

3.3 VIDEO INTERFACE 

The WD90C30 is optimized to connect to an 
analog CRT monitor through a RAMDAC, but it 
may also be used to drive other types of displays, 
such as TTL monitors. In interfacing to an analog 
monitor through an external RAMDAC, the 
WD90C30 provides all the necessary signals to 
interface to the video RAMDAC. 

The video interface for a CRT is very dependent 
on the CRT requirements and the resolution and 
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WD90C30 

depth (bits/pixels) of the image desired. New 
monitors, such as multifrequency monitors, are less 
stringent because of the many sync frequencies 
available. The WD90C30 can be programmed to 
directly generate aU the CRT signals for up to 
eight bits/pixel (256 color) displays. 

The Micro Channel Auxiliary Video Connector and 
the AT Feature Connector can be connected 
directly to the WD90C30. The WD90C30 also 
provides an input for a monitor type detection in
terface as done on the IBM VGA using com
parators. 

3.4 CLOCK INTERFACE 
The WD90C30 has four clock input signal pins; 
the separate memory clock, MCLK, which drives 
the DRAM and bus interface timing; and the three 
video clocks, VCLKO, VCLK1, and VCLK2, which 
drive the video timing. VCLK1 and VCLK2 can 
also be programmed as outputs to provide the 
option to externally control a multiplexer that sup
plies the video clock. The MCLK can also be 
selected as a memory clock or video dot clock. 

WD90C30 INTERFACES 

3.5 WD90C30 POWER·UP CONFIGURATION 
The WD90C30 uses the memory data pins to 
configure an internal configuration register upon 
power-up-reset. CNF(2) determines whether the 
WD90C30 will operate in AT or Micro Channel 
Architecture (MCA) implementation. Other CNF 
bits configured by the WD90C30 at power-up
reset are used as status bits or for clock source 
control. For more information on WD90C30 
power-up configuration, refer to Section 7.10, 
Configuration Bits. 
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WD90C30 SIGNAL DESCRIPTION 

4 .0 SIGNAL DESCRIPTION 
Table 1 provides a list of pin assignments for the 
132-pin JEDEC package. Table 2 provides a list 
of pin assignments for the 144-pin EIAJ package. 
Table 3 provides a description of the signals con-

trolled by the WD90C30, and both the JEDEC 
and EIAJ pins are identified. The WD90CqO 
mnemonics are used. 

17 125 117 

116 

108 

100 

92 

84 

FIGURE 3. 132·PIN JEDEC PACKAGE 

144 140 134 128 122 116 110 

109 

103 

12 97 

18 91 

24 85 

30 79 

36 73 

37 42 48 54 60 66 72 

FIGURE 4. 144·PIN EIAJ PACKAGE 
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SIGNAL DESCRIPTION WD90C30 

PIN SYMBOL PIN SYMBOL PIN SYMBOL PIN SYMBOL 1m 
1 MDET 34 MD12 67 VSS 100 DIR 

2 USR1 35 MD11 68 A22 101 DA7 

3 USRO 36 MD10 69 A23 102 DA6 

4 MCLK 37 MD9 70 IOCS16 103 DA5 

5 VSS 38 MD8 71 MEMCS16 104 DA4 

6 OE 39 RAS 72 BHE 105 DA3 

7 WE3 40 VSS 73 ALE 106 DA2 

8 MD31 41 CAS 74 IRQ 107 DA1 

9 MD30 42 MD7 75 EM EM 108 DAO 

10 MD29 43 MD6 76 lOR 109 EDBUFL 

11 MD28 44 MD5 77 lOW 110 VSYNC 

12 MD27 45 MD4 78 MRD 111 HSYNC 

13 MD26 46 MD3 79 MWR 112 BLANK 

14 MD25 47 MD2 80 RESET 113 HTL 

15 MD24 48 MD1 81 OWS 114 WPLT 

16 WE2 49 MDO 82 IOCHRDY 115 RPLT 

17 VSS 50 VCC 83 VSS 116 VCC 

18 VCC 51 VSS 84 VCC 117 VSS 

19 MD23 52 WEO 85 EIO 118 PCLK 

20 MD22 53 MAO 86 ROM16 119 VIDO 

21 MD21 54 MA1 87 EBROM 120 VID1 

22 MD20 55 MA2 88 EDBUFH 121 VID2 

23 MD19 56 MA3 89 A16 122 VID3 

24 MD18 57 MA4 90 DA15 123 VID4 

25 MD17 58 MA5 91 DA14 124 VID5 

26 MD16 59 MA6 92 DA13 125 VID6 

27 RAS4 60 MA7 93 DA12 126 VID7 

28 RAS3 61 MA8 94 DA11 127 VSS 

29 VSS 62 A17 95 DA10 128 VCLKO 

30 WEi 63 A18 96 DA9 129 VCLK1 

31 MD15 64 A19 97 DA8 130 VCLK2 

32 MD14 65 A20 98 EABUF 131 EXPCLK 

33 MD13 66 A21 99 VSS 132 EXVID 

TABLE 1. WD90C30 132-PIN JEDEC ASSIGNMENTS 
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WD90C30 SIGNAL DESCRIPTION 

PIN SYMBOL PIN SYMBOL PIN SYMBOL PIN SYMBOL 

1 N.C. 37 N.C. 73 N.C. 109 N.C. 

2 VCC 38 VSS 74 VCC 110 VSS 

3 MD23 39 WEO 75 EIO 111 PCLK 
4 MD22 40 MAO 76 ROM16 112 VIDO 

5 MD21 41 MA1 77 EBROM 113 VID1 

6 MD20 42 MA2 78 EDBUFH 114 VID2 

7 MD19 43 MA3 79 A16 115 VID3 
8 MD18 44 MA4 80 DA15 116 VID4 

9 MD17 45 MA5 81 DA14 117 VID5 

10 MD16 46 MA6 82 DA13 118 VID6 

11 RAS4 47 MA7 83 DA12 119 VID7 
12 RAS3 48 MA8 84 DA11 120 VSS 

13 VSS 49 A17 85 DA10 121 VCLKO 

14 WE1 50 A18 86 DA9 122 VCLK1 
15 MD15 51 A19 87 DA8 123 VCLK2 

16 MD14 52 A20 88 EABUF 124 EXPCLK 
17 MD13 53 A21 89 VSS 125 EXVID 

18 N.C. 54 N.C. 90 N.C. 126 N.C. 
19 MD12 55 VSS 91 DIR 127 MDET 
20 MD11 56 A22 92 DA7 128 USR1 
21 MD10 57 A23 93 DA6 129 USRO 

22 MD9 58 IOCS16 94 DA5 130 MCLK 
23 MD8 59 MEMCS16 95 DA4 131 VSS 

24 RAS 60 BHE 96 DA3 132 OE 
25 VSS 61 ALE 97 DA2 133 WE3 
26 CAS 62 IRQ 98 DA1 134 MD31 
27 MD7 63 EMEM 99 DAO 135 MD30 
28 MD6 64 lOR 100 EDBUFL 136 MD29 
29 MD5 65 lOW 101 VSYNC 137 MD28 
30 MD4 66 MRD 102 HSYNC 138 MD27 

31 MD3 67 MWR 103 BLANK 139 MD26 
32 MD2 68 RESET 104 HTL 140 MD25 

33 MD1 69 OWS 105 WPLT 141 MD24 
34 MDO 70 IOCHRDY 106 RPLT 142 WE2 

35 VCC 71 VSS 107 VCC 143 VSS 
36 N.C. 72 N.C. 108 N.C. 144 N.C. 

TABLE 2. WD90C30 144-PIN EIAJ ASSIGNMENTS 
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SIGNAL DESCRIPTION WD90C30 

PIN NUMBER MNEMONIC TYPE DESCRIPTION 
JEDEC - EIAJ • , 

POWER ON 

80 - 68 RESET I RESET: This signal input resets the WD90C30. 
MCLK and VCLKO should be connected to 
WD90C30 in order for the WD90C30 to initialize 
during Reset. Western Digital configuration bits are 
initialized at power-up reset based on the logic level 
on the MD15-0 bus as determined by pull-up/pull-
down resistors. The reset pulse width should be at 
least 10 MCLK clock periods. 

CLOCK SELECTION 

4 - 130 MCLK I MEMORY CLOCK: This clock signal determines the 
VGA DRAM timing as well as system interface con-
trol timing. MCLK should be a minimum 37.5 MHz 
for 80 ns DRAMS. 

128 - 121 VCLKO I VIDEO CLOCK 0: This input is the video display 
clock for alphanumeric and graphics display modes. 
Typically, VCLK is 25.175 MHz to display 640 pixels 
per horizontal display line. The Miscellaneous Out-
put Register bits 2 and 3, both set to 0, will select 
this clock if VCLK1 and VCLK2 are used as inputs. 

129 - 122 VCLK1 I/O VIDEO CLOCK 1: This pin can be a second video 
display clock input or an output to external clock 
selection module. Pin direction is determined on 
Reset by a pull-up/down resistor on Pin MD3. A 
VCLK1 input frequency of 28.322 MHz is used to dis-
play 720 pixels per horizontal line. When it is an out-
put, VCLK1 is an active low pulse during I/O writes 
to port 3C2H (or it reflects the contents of 03C2, Mis-
cellaneous Register, Bit 2). Refer to the Configura-
tion Register and PR15 Register, Bit 5 description. 

130 - 123 VCLK2 I/O VIDEO CLOCK 2: A third video display clock input 
or an output to external clock selection module. Pin 
direction is programmed simultaneously with that of 
VCLK1. Acts as a user-defined external clock input, 
or an output reflecting the content of Bit PR2(1) (or it 
reflects the contents of 03C2H, Miscellaneous 
Register, Bit 3) if CNF(3) is set to "1 ". See the Con-
figuration Register and PR15 Register, Bit 5 descrip-
tion. 

TABLE 3. SIGNAL DESCRIPTION 
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WD90C30 SIGNAL DESCRIPTION 

PIN NUMBER MNEMONIC TYPE DESCRIPTION 
JEDEC - EIAJ 

HOST INTERFACE 

69 - 57 A23 I ADDRESS BUS (A23 - A17): These address bits 
68 - 56 A22 I should be connected to address bus 
66 - 53 A21 I SA23 - 17 in Micro Channel mode. In AT mode A23-
65 - 52 A20 I 17 should be connected to A23-17 of the AT address 
64 - 51 A19 I bus. 
63 - 50 A18 I 
62 - 49 A17 I 

89 - 79 A16 I ADDRESS BUS (A16): Bit SA16 of CPU address 
bus 

73 - 61 ALE I ADDRESS LATCH ENABLE: In AT mode, A23-17 
are latched internally at the falling edge of the ALE. 
In Micro Channel mode, ALE should not be used and 
should be connected to VSS. 

90 - 80 DA15 I/O ADDRESS /DATA BUS: This is the multiplexed 
91 - 81 DA14 I/O CPU address and data bus. 
92 - 82 DA13 I/O 
93 - 83 DA12 I/O EABUF = 0: Enables the external address buffer. 
94 - 84 DA11 I/O 
95 - 85 DA10 I/O EDBUFL = 0 or EDBUFH = 0: Enables the external 
96 - 86 DA9 I/O bi-directional data buffers. 
97 - 87 DA8 I/O 
101 - 92 DA7 I/O DIR controls the data flow for the data buffer. 
102 - 93 DA6 110 
103 - 94 DA5 I/O 
104 - 95 DA4 I/O 
105 - 96 DA3 I/O 
106 - 97 DA2 I/O 
107 - 98 DA1 I/O 
108 - 99 DAO I/O 

82 - 70 10CHRDY 0 READY: This active high output signal indicates to 
the system processor that a memory access is com-
pleted. It is used to add wait states to the CPU bus 
cycles during vldeo memory accesses. It may be 
pulled inactive by the WD90C30 to allow additional 
time to complete a bus operation. This signal is not 
generated on I/O cycles and accesses to the BIOS 
ROM. 

TABLE 3_ SIGNAL DESCRIPTION (Continued) 
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SIGNAL DESCRIPTION WD90C30 

PIN NUMBER MNEMONIC TYPE DESCRIPTION 
JEDEC - EIAJ • 74 - 62 IRQ/(IRQ) 0 INTERRUPT REQUEST: Programmable processor 

interrupt request. It is enabled via Bit 5 in the Vertical 
Retrace End register. It is active high in AT mode and 
active low in Micro Channel mode. When the end of 
Vertical Display occurs, this signal will be active, 
causing the interrupt. It will stay active until CRTC11 
Bit 4 clears it. In an AT system IRQ is usually not con-
nected, but may be connected if desired. IRQ is used 
to generate interrupt, usually in the Micro Channel 
mode. 

71 - 59 MEMCS16/ 0 MEMORY CHIP SELECT 16 BITS: In AT mode, this 
(CDDS16) line is used to respond the host to enable 16-bit 

video memory data transfer. In Micro Channel mode, 
this line is used to indicate 16-bit video memory or 
I/O access. 

85 - 75 EIO (3C3DO) I ENABLE 110: In AT mode, this active low signal is 
used to enable I/O address decoding and is con-
nected directly to the system bus signal AEN (ad-
dress enable). In Micro Channel mode, this line 
comes from I/O port 3C3H Bit 0 to enable video sub-
system memory and I/O address decoding. ("1" = 
enable) 

87 - 77 EBROM 0 ENABLE BIOS ROM: This is an active low signal to 
enable BIOS ROM (COOOOH - C7FFFH) if enabled by 
PR1 (0). A write to WD90C30 internal I/O port ad-
dress 46E8H causes this signal to be used as a write 
strobe for an external register used in BIOS ROM 
page mapping. 

113 - 104 HTL 0 ENABLE HIGH-TO-LOW: (for 16-bit BIOS) Ifonly 
an eight-bit CPU interface is used, this output 
enables a data buffer to allow reading of the upper 
byte of ROM data on the lower data bus when two 
ROMs (16-bit) are supported. 

75 - 63 EMEM I ENABLE MEMORY: This signal enables memory 
decoding when high. It is normally connected to the 
Refresh signal. 

72 - 60 BHE I BYTE HIGH ENABLE: BHE should be connected to 
BHE of the AT or Micro Channel bus. 

--
BHE, SAO = 00 - Word transfer 

= 01 - High byte transfer 
= 10 - Low byte transfer 
= 11 - Illegal 

NOTE: 
TABLE 3. SIGNAL DESCRIPTIONS (Continued) 

( ) Micro Channel only. 
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WD90C30 SIGNAL DESCRIPTION 

PIN NUMBER MNEMONIC TYPE DESCRIPTION 
JEDEC - EIAJ 

81 - 69 OWS 0 ZERO WAIT STATE: This active low signal can be 
used to generate zero wait states to the AT bus. This 
signal can be programmed by the PR33 register, bits 
7 and 6 in the following ways: 
OWS = 0 if write cache is not full. 
OWS = 0 if valid memory address decode AND write 
cache is not full. In this case OWS = 0 should be 
ANDed externally with MWR to generate zero wait 
state strobe. 
OWS = 0 if valid memory address decode AND write 
cache is not full AND MWR is active. 
OWS = 0 if valid memory address decode AND write 
cache is not full and MWR is active; OR if valid I/O 
address decode and lOW is active. 

78 - 66 MRD/(MIIO) I MEMORY READ: In AT mode, this Signal is called 
MRD and is an active low memory read strobe. In 
Micro Channel mode, the signal is called MilO. It dis-
tinguishes between memory and I/O cycles. When 
(MilO) is high, a memory cycle is in process. A low 
on (MilO) shows that an I/O cycle is in process. 

79 - 67 MWR/(SO) I MEMORY WRITE: The Active low memory write 
strobe in AT mode. In Micro Channel mode, it be-
comes SO and is the channel status signal which indi-
cates the start and type of a channel cycle. Along 
with S1, MilO, and CMD signals, it is decoded to in-
terpret I/O and memory commands. 

76 - 64 IOR/(S1) I I/O READ: Active low I/O read strobe in AT mode. In 
Micro Channel mode, it becomes S1 and is the chan-
nel status signal which indicates the start and type of 
a channel cycle. 

n - 65 10W/(CMD) I I/O WRITE: Active low strobe. In AT mode, the strobe 
signals an I/O write. In Micro Channel mode it is the 
bus data strobe CMD. Address bus validity is sig-
naled by CMD going low while the rising edge of 
CMD indicates the end of a Micro Channel bus cycle. 

70 - 58 IOCS16 I/O 1/0 CHIP SELECT 16 BITS: In AT mode, this signal 
(CDSETUP) is used to respond to the host to allow 16-bit I/O ac-

cess. In Micro Channel mode, this signal is driven by 
the host to individually select channel connector slots 
during system configuration. 

TABLE 3. SIGNAL DESCRIPTIONS (Continued) 

NOTE: 
( ) Micro Channel only. 
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SIGNAL DESCRIPTION WD90C30 

PIN NUMBER MNEMONIC TYPE DESCRIPTION 
JEDEC - EIAJ • 100 - 91 DIR 0 DIRECTION CONTROL: Active high Direction Con-

trol for external bus buffers in AT and MCA implemen-
tation. The default state is low until a read cycle oc-
curs. The WD90C30 will then drive DIR high to 
change the direction of the data buffers. 

88 - 78 EDBUFH 0 ENABLE DATA BUFFER HIGH: Active low signal 
that allows control of an external data buffer for data 
bits D8 through D15. 

109 - 100 EDBUFL 0 ENABLE DATA BUFFER LOW: Active low signal 
that allows control of an external data buffer for data 
bits DO through D7. 

98 - 88 EABUF 0 ENABLE ADDRESS BUFFER: Active low signal 
that allows control of an external address buffer. 

86 - 76 ROM16/(CSFB)/ I/O BIOS ROM SELECT 16 BITS: (AT Mode) Active low 
EXBLANK output. This signal decodes the ROM address 

LA(23-17) for space OCOOOO - ODFFFF. It may be 
combined with SA 15 and SA 16 externally to control 
MCS16 for the address space COOOO - C7FFF. If 
CNF(17) is set to 0 at power up reset, the ROM16 
address decoding is disabled. ROM16 then reflects 
the status of PR1_1 bit. 

CARD SELECT FEEDBACK: (Micro Channel 
mode) Active low output. This signal is used as 
Card Selected Feedback to provide positive acknow-
ledgement of its presence at the host's addresses 
specified. 

EXTERNAL BLANK: (AT or Micro Channel Mode) 
If CNF (18) is set to zero (MD18 = 0 at power-up 
reset), this signal becomes an active low input. 

EXBLANK = 1 : enables BLANK, VSYNC, and 
HSYNC output. 
EXBLANK = 0: tri-state BLANK, VSYNC, and 
HSYNC output. 

TABLE 3. SIGNAL DESCRIPTION (Continued) 

NOTE: 
( ) Micro Channel only. 
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WD90C30 SIGNAL DESCRIPTION 

PIN NUMBER MNEMONIC TYPE DESCRIPTION 
JEDEC - EIAJ 

DISPLAY MEMORY INTERFACE 

41 - 26 CAS 0 COLUMN ADDRESS STROBE: Active low CAS out-
put signal (for both two, four and eight DRAM con-
figurations) . 

39 - 24 RAS 0 ROW ADDRESS STROBE: This active low RAS out-
put signal is the strobe for the 256 Kbyte by 4 or 256 
Kbyte by 16 DRAM interface. If 64 Kbyte by 16 
DRAMS are used, then this signal is the RAS strobe 
for the first 256 Kbyte memory bank. 

28 - 12 RAS3 0 ROW ADDRESS STROBE: This active low RAS 
strobe is used only if eight 64 Kbyte by 16 DRAMs 
are used. It controls the third 256 Kbyte memory 
bank. 

27 - 11 RAS4 0 ROW ADDRESS STROBE: This active low RAS 
strobe is used only if eight 64 Kbyte by 16 DRAMs 
are used. It controls the fourth 256 Kbyte memory 
bank. 

6 - 132 OE 0 OUTPUT ENABLE: Active low DRAM output enable 
signal (for both two, four and eight DRAM configura-
tions). 

52 - 39 WEO 0 WRITE ENABLE: Active low write enable signal for 
MD7 through O. 

30 - 14 WE1 0 WRITE ENABLE: Active low write enable signal for 
MD15 through 8. 

16 - 142 WE2 0 WRITE ENABLE: Active low write enable signal for 
MD23 through 16. 

7 - 133 WE3 0 WRITE ENABLE: Active low write enable signal for 
MD31 through 24. 

PROGRAMMABLE OUTPUTS 

3 - 129 USRO 0 May be used to control special card or system fea-
tures (see PR32 register). 

2 - 128 USR1 0 May be used to control special card or system fea-
tures (see PR32 register). 

TABLE 3. SIGNAL DESCRIPTIONS (Continued) 
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SIGNAL DESCRIPTION WD90C30 

PIN NUMBER MNEMONIC TYPE DESCRIPTION 
JEDEC - EIAJ • VIDEO MEMORY DATA 

31 - 15 MD15 I/O DISPLAY MEMORY DATA (MD15 through 0): 
32 - 16 MD14 I/O These lines are the data bus to the video display 
33 - 17 MD13 I/O DRAMS. The MDO-18 data lines are pulled up by in-
34 - 19 MD12 I/O ternal 50K ohm resistors or may be pulled down by 
35 - 20 MD11 I/O external 4.7 Kohm resistors to provide setup informa-
36 - 21 MD10 I/O tion on power-up (reset) as follows: 
37 - 22 MD9 I/O 
38 - 23 MD8 I/O MD POWER-UP REGISTER 
42 - 27 MD7 I/O FUNCllQN (Bill 
43 - 28 MD6 I/O 18 Enable ROM16 
44 - 29 MD5 I/O as EXBLANK CNF(18)+ 
45 - 30 MD4 liD 16 64K by 16 or 256K by 4 
46 - 31 MD3 I/O DRAM Select CNF(16)+ 
47 - 32 MD2 I/O 15 EGA SW4/General Purpose PR11 (7) + 
48 - 33 MD1 I/O 14 EGA SW3/General Purpose PR11 (6)+ 
49 - 34 MDO I/O 13 EGA SW2lGenerai Purpose PR11 (5) + 
8 - 134 MD31 I/O 12 EGA SW1 /General Purpose PR11 (4) + 
9 - 135 MD30 I/O 11 ANALOGITTL Display CNF(8) * 
10 - 136 MD29 I/O 10 Set 16-bit ROM [CNF(10)]* 
11 - 137 MD28 I/O 9 3C3H or 46E8H I/O port for 
12 - 138 MD27 I/O wake up [CNF(9)] + 
13 - 139 MD26 I/O 8 A23-A20 connection [CNF(11)]+ 
14 - 140 MD25 I/O 7 General Purpose CNF(7) * 
15 - 141 MD24 I/O 6 General Purpose CNF(6) * 
19 - 3 MD23 I/O 5 General Purpose CNF(5) * 
20 - 4 MD22 I/O 4 General Purpose CNF(4) * 
21 - 5 MD21 I/O 3 VCLK1,21/0 CNF(3) + 
22 - 6 MD20 I/O 2 AT/Micro Channel Mode CNF(2)+ 
23 - 7 MD19 I/O 1 1 or2 ROMs CNF(1) * 
24 - 8 MD18 I/O 0 BIOS ROM Mapping PR1 (0) * 
25 - 9 MD17 I/O NOTES: 
26 - 10 MD16 liD "*" Pulldown resistor sets these bits to logic 1. 

"+" Pulldown resistor sets these bits to logic O. 
For more details refer to PR and Configuration 
Registers. 

TABLE 3. SIGNAL DESCRIPTIONS (Continued) 
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WD90C30 SIGNAL DESCRIPTION 

PIN NUMBER MNEMONIC TYPE DESCRIPTION 
JEDEC - EIAJ 

VIDEO MEMORY ADDRESS 

61 - 48 MA8/RAS2 0 MEMORY ADDRESS (MAO through MAS): Display 
60 - 47 MA7 0 memory DRAM address. For testing purposes, these 
59 - 46 MA6 0 pins can be tri-stated by setting Register PR4(4)=1. 
58 - 45 MAS 0 MA8/RAS2 is an active low RAS strobe for the 
57 - 44 MA4 0 second 256 Kbyte memory bank if four 64K by 16 
56 - 43 MA3 0 DRAMs are used. 
55 - 42 MA2 0 
54 - 41 MA1 0 
53 - 40 MAO 0 

RAMDAC INTERFACE 

126 - 119 VID7 0 VIDEO (VDO-VD7): Pixel video data output to DAC 
125 - 118 VID6 0 and to Feature Connector. These lines can drive up 
124 - 117 VID5 0 to a 8 mA load. 
123 - 116 VID4 0 
122 - 115 VID3 0 
121 - 114 VID2 0 
120 - 113 VID1 0 
119 - 112 VIDO 0 

115 - 106 RPLT 0 READ PALElTE: Video DAC register and color 
palette read signal for an external RAMDAC. Active 
low during an 1/0 read of addresses 3C6H, 3C8H, 
and 3C9H. 

114 - 105 WPLT 0 WRITE PALElTE: Video DAC register and color 
palette write signal for an external RAMDAC. Active 
low during an 1/0 write to addresses 3C6H through 
3C9H. 

118 - 111 PCLK 0 PIXEL CLOCK: Video pixel clock output used by the 
DAC to latch video signals VIDO through 7. Its 
source is one of the video clock inputs: VCLKO, 
VCLK1 or VCLK2 as determined by the Miscel-
laneous Output Register. 

CRT CONTROL 

112 - 103 BLANK 0 BLANK: Active low display monitor blank pulse to 
external RAMDAC. 

111 - 102 HSYNC 0 HORIZONTAL SYNC: Display monitor horizontal 
synchronization pulse. Active high or low, depending 
on the Miscellaneous Output Register programming. 

110 - 101 VSYNC 0 VERTICAL SYNC: Display monitor vertical 
synchronization pulse. Active high or low, depending 
on the Miscellaneous Output Register programming. 

TABLE 3. SIGNAL DESCRIPTIONS (Continued) 
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SIGNAL DESCRIPTION WD90C30 

PIN NUMBER MNEMONIC TYPE DESCRIPTION 
JEDEC - EIAJ • 1 - 127 MDET I MONITOR DETECT: This pin is used when the RAM-

DAC is external. It is used to determine the monitor 
type and can be read at port 3C2H Bit 4. 

FEATURE CONNECTOR SUPPORT 

132 - 125 EXVID I ENABLE EXTERNAL VIDEO DATA: A Feature Con-
nector input. A low tri-states the video data lines 
VID7:0. An internal pullup resistor is provided. 

131 - 124 EXPCLK I ENABLE EXTERNAL PIXEL CLOCK: A Feature 
Connector input. A low tri-states the PCLK output. 
An internal pullup resistor is provided. 

POWER AND GROUND 

18 - 2 VCC --_ .. - +5VDC 

50 - 35 VCC ----- +5VDC 

84 - 74 VCC ----- +5VDC 

116 - 107 VCC 00 ___ - +5VDC 

5 - 13 VSS ----- Ground 

17 - 25 VSS ----- Ground 

29 - 38 VSS ........ - Ground 

40 - 55 VSS -.... -- Ground 

51 - 71 VSS -.. _-- Ground 

67 - 89 VSS ----- Ground 

83 - 110 VSS 00 ___ - Ground 

99 - 120 VSS ----- Ground 

117 - 131 VSS ----- Ground 

127 - 143 VSS ----- Ground 

- 1 These pins are not connected in the 144-pin EIAJ 
- 18 package 
- 36 
- 37 
- 54 
- 72 
- 73 
- 90 
- 108 
- 109 
- 126 
- 144 

TABLE 3. SIGNAL DESCRIPTIONS (Continued) 
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WD90C30 

5.0 ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature OOC to 70°C 
Under Bias 

Storage Temperature -40°C to 125°C 

Voltage on all inputs -0.3 to 7 Volts 
and outputs with 
respect to V 55 

NOTE 

Stresses above those listed under Absolute Maxi
mum Ratings may cause permanent damage to 

. the device. Ttlis is a stress rating only and func
tional operation of the device at these or any other 
conditions above those indicated in the operation
al section of the specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect product reliability. 

SYMBOL PARAMETER MIN. 

V(ll) Input low Voltage -0.3 

V(IH) Input High Voltage 2.0 

1(ll) Input low Current --
I(IH) Input High Current --
V(Ol) Output low Voltage --
V(OH) Output High Voltage 2.4 

I (OZ) High Impedance -10.0 
leakage Current 

C(IN) Input Capacitance --
C(OUT) Output Capacitance --
CliO I/O Pin Capacitance --

ABSOLUTE MAXIMUM RATINGS 

5.1 STANDARD TEST CONDITIONS 

The characteristics below apply for the following 
standard test conditions, unless otherwise noted. 
All voltages are referenced to V55 (OV Ground). 
Positive current flows into the referenced pin. 

Operating Tempera- 0° to 70°C 
ture Range 

Power Supply Voltage 4.75 to 5.25 Volts 

Power Dissipation 140mA 

5.2 DC CHARACTERISTICS 

The WD90C30 outputs have 4.0 mA maximum 
source and sink capability (see Table 4), except 
as follows: . 

IRQ, 10CHRDY, OWS, 
MEMCS16, IOCS16 = 24 mAsink. 

PClK, VID7:0, BLANK = 10 mA source/sink. 

DRAM Interface = 4 mA source/sink 
(RAS, CAS, WE, OE, MA, MO) 

HSYNC, VSYNC, DA 15:0 = 6 mA sink. 

ROM16 = 16 mA SINK. 

MAX UNITS CONDITIONS 
0.8 . V VCC=5V±5% 

VCC+0.3 V VCC=5V±5% 

±10 uA VIN=O.OV 

±10 uA VIN=VCC 

0.4 V IOl+2.0mA 

-- V IOH=-2.0mA 

10.0 uA OV<VOUT <VCC 

10 pF FC=1 MHz 

10 pF FC=1 MHz 

12 pF FC=1 MHz 

TABLE 4. DC CHARACTERISTICS 
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AC TIMING CHARACTERISTICS 

6.0 AC TIMING CHARACTERISTICS 
The following notes apply to all of the parameters 
presented in this section: 

• All units are in nanoseconds. 

• CL = 30 pF unless otherwise noted. 

NUMBER PARAMETER MIN 

WD90C30 

• nt implies n X t, (n times the period t). e.g. 11, 
2t etc. 

• #n refers to the spec number in column 1 of 
the same table. 

MAX NOTES 

RESET TIMING 

1 Reset Pulse Width 101 t = 1/MCLK (For configuration at 
2 MD Setup to RSET low 50 power up.) 
3 MD Hold from RSET low 30 
4 RSET low to first lOW 101 

CLOCK TIMING 

1 " VCLK Period 12.5 72.0 
2 VCLK high 5 @ 1/2 VDD 
3 VCLK low 5 @1/2VDD 
4" Clock Rise Time 2 1V - (VDD - 1V) 
5" Clock Fall Time 2 1V - (VDD - 1V) 
6 VCLK to PCLK Delay 8 20 45 ns @ 120 pF load 
7a VCLK to HSYNC Delay 8 25 
7b VCLK to VSYNC Delay 8 25 
7c VCLK to BLANK Delay 8 20 
7d VCLK to VID(7:0) Delay 8 20 45 ns @ 120 pF 19ad up to 30 

MHz 
8 ". MCLKperiod 20 30 Max 50 MHz, min 33.3 MHz 
9 MCLK high 8 @ 1/2 VDD 
10 MCLKlow 8 @ 1/2VDD 
11 VID (7:0) setup to PCLK 3 
12 VID (7:0) hold from PCLK 3 

TABLE 5. AC TIMING CHARACTERISTICS 

• Apply to both VCLK and MCLK. 

"" VCLKO and MCLK use CMOS level input buffers. V(IL) max = 1.5V, V(IH) min = VDD - 1.SV 
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WD90C30 ACTIMING CHARACTERISTICS 

NUMBER PARAMETER MIN MAX NOTES 

I/O AND MEMORY READIWRITE AT MODE TIMING 

1 EM EM setup to MRD, MWR low 20 
2 EM EM hold from MRD,MWR high 10 
3a A(23:17) setup to ALE low 20 
3b BHE, DA(15:0) setup to lOR, lOW, MRD, 1S 

MWRlow 
4a A(23:17) hold from ALE low 10 
4b DA(15:0) hold from lOR, lOW, MRD, MWR low 10 
5 EIO setup to lOR/lOW low 20 
6 EIO hold from lOR/lOW high 10 
7a EABUF high f~om IOR,IOW,MRD,MWR low 9 25 
7b EDBUF low from IOR,IOW,MRD,MWR low 13.5 35 
7e HTL low from MRD low 25 
Sa EASUF low from lOR, lOW, MRD, MWR high 14.5 35 
Sb EDBUF high from lOR, lOW, MRD, MWR high S.5 25 
Se HTL high from MRD high 25 
9 DIR high from IOR,MRD low 20 
10 DIR hold from lOR and MRD high 20 
11 DA(15:0) write data setup to lOW, MWR high 20 
12a DA(15:0) read data hold from lOR high or 10 

MRD high 
12b DA(15:0) write data hold from lOW, MWR high 10 
13 DA(15:0) read data valid after lOR low 70 
14 RDY high from MWRlMRD low 10 2.45 J1S 

(max is for standard VGA modes) 
15 Memory read data valid from RDY high 40 Note 1 
16 HDY low from MWR/MRD low 10 20 CL= 100 pF 
17 RDY tristate from MWRlMRD high 10 30 CL= 100pF 
18 EBROM low from valid A(23:15) 40 
19 EBROM hold from MRD high 40 
20a WPLT low from lOW low 37 
20b RPLT low from lOR low 30 
21a WPL T high from lOW high 9 15 
21b RPLT high from lOR high 9 20 
22 EBROM low from lOW low (46ESH Port) 1t +20 
23 EBROM high from lOW high (46ESH Port) 25 
24 VCLK1 low from lOW low (3C2H Port) 1t +24 

TABLE 5. AC TIMING CHARACTERISTICS (Continued) 
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AC TIMING CHARACTERISTICS WD90C30 

NUMBER PARAMETER MIN MAX NOTES • 110 AND MEMORY READIWRITE AT MODE TIMING 

25 VCLK1 high from lOW high (3C2H Port) 15 
26 A(15:0) valid to IOCS16 low 35 CL = 100pF 
27 IOCS16 hold from lOW high 20 CL = 100pF 
28 A(23:17) valid to MEMCS16 or ROM16 low 39 CL = 100pF 
29 MEMCS 16 tristate from the next active ALE 39 CL = 100pF 
30a lOR, lOW, MWR, MRD high 2t + 15 t = l/MCLOCK 

Note 2 
30b lOR, lOW, MWR, MRD low 2t t =l/MCLOCK 

(Note 3) 
30c ALE pulse width 30 
31 OWS, low from lOW, MWR low 15 CL = 100pF 
Note 1: Depends on setting of PR31 (3C5H, index 11 H) bits 4, 3. t = /MCLOCK 

00 - Max 40 
01 - Max 40 + 1t 
1 0 - Max 40 + 2t 
11 - Max 40 - 1t 

Note 2: Minimum of #30a should be the greater of 2t + 15 or (#8a + #3b + delay on the external 
address buffer) 

Note 3: Minimum of #30b should be the greater of 2t or (#7b + #11 + delay on the external data 
buffer) 

TABLE 5. AC TIMING CHARACTERISTICS (Continued) 
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WD90C30 AC TIMING CHARACTERISTICS 

NUMBER PARAMETER MIN MAX NOTES 

I/O AND MEMORY READ/WRITE MICRO CHANNEL MODE TIMING 

1 A(23:0),EMEM,BHE setup to CMD low 20 
2 A(23:0),EMEM,BHE hold from CMD low 10 
3 CDSETUP,EIO setup to CMD low 20 
4 CDSETUP,EIO hold from CMD low 15 
5 STATUS setup to CMD low 20 
6 STATUS hold from CMD low 15 
7a EDBUFH, EDBUFL low from CMD low 13.5 35 
7b EABUF high from CMD low 9 25 
8a EDBUFH, EDBUFL high from CMD high 8.5 25 
8b EABUF low from CMD high 14.5 35 
9 DIR active from CMD low 20 
10 DIR inactive from CMD high 20 
11 CSFB delay from valid address/status 30 CL= 100 pF 
12 CSFB hold from CMD high (110 cycle) 30 CL= 100 pF 
13 CSFB hold from invalid address (memory 

cycle) 30 CL = 100 pF 
14 CDDS16 delay from valid address 40 
15 CDDS16 hold from invalid address 30 
16 DA(15:0) write data setup to CMD high 20 
17 DA(15:0) Write data hold after CMD high 10 
18 DA(15:0) I/O Read data valid from CMD low 70 
19 RDY high delay from CMD low 0 2.45 Ils 
20 DA(15:0) Memory Read Data valid from RDY 40 Note 1 

high 
21a CMD high (inactive) 2t + 15 Note 2 
21b CMD low 2t Note 3 
22 RDY low delay from valid address/status 30 
23 EBROM low from valid address 40 
24 EBROM high from CMD high 30 
25 WPLT /RPLT low from CMD low 9 20 
26 WPLT /RPLT high from CMD high 9 20 
27 VCLK1 low from CMD low (3C2H Port) 1t + 30 
28 VCLK1 high from CMD high (3C2H Port) 25 

Note 1: Depends on setting of PR31 (3C5H, Index 11 H) bits 4,3. t = 1/MCLK 
00 max 40 ns 
01 max 40 ns + 1t 
10 max 40 ns + 2t 
11 max 40 ns - 1t 

Note 2: Minimum of #21 a is the greater of 2t + 5 or (#8b + #1 + delay on external address buffer) 

Note 3: Minimum of #21 b is the greater of 2t or (#7a + #16 + delay on external data buffer) 

TABLE 5. AC TIMING CHARACTERISTICS (Continued) 
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AC TIMING CHARACTERISTICS WD90C30 r-------o------,----.----.-----. MAX NOTES NUMBER PARAMETER MIN 

DRAM TIMING (256K by 4, 256Kby 16) 

1 RAS cycle time *6t 
2 RAS pulse width low *3.5t - d 
3 RAS high time (precharge) *2.5t + d 
4 RAS low to CAS low *2.5t - 9 
5 CAS cycle time 2t 
6 CAS pulse width low *1t + d 
7 CAS high time (precharge) *1t - d 
8 Row address setup to RAS low 1t - 10 
9 Row address hold time from RAS low 1t 
10 Column address setup to CAS low 1t - 10 
11 Column address hold from CAS low 1t 
12 Read Data valid before CAS high 3 
13 Read Data hold after CAS high 0 
14 Write Data setup to CAS low 1t - 15 
15 Write Data hold after CAS low 1t - 5 
16 WE low setup CAS low 1t- 5 
17 WE low hold after CAS high Same as 

CAS low 
18 OE high before WE low 2t - 10 
19 OE low after WE high 1t - 10 
20 CAS high for CAS before RAS refresh 1t - 10 
21 RAS low from CAS low for CAS before RAS 1.5t + 10 

refresh 

Notes: 
The timing is the result of setting PR33 (3C5H, Index = 13H) = XXXOOOOO 
* Timings are adjustable by PR33. 

t = 1/MCLK 
(MCLK = 37.5 MHz for 80 ns DRAM) 

2.5t - d 

Memory write uses fast page early write, while keeping OE = 1. 
Memory read uses fast page read, while keeping OE = 1. } 

(MCLK = 40 MHz for some faster 80 ns DRAM) Maximum MCLK frequency 
(MCLK = 44.4 MHz for 70 ns DRAM) 
(MCLK = 49.5 MHz for 60 ns DRAM) 

d = Delay with a min of 4 ns and a max of 7 ns. 

TABLE 5. AC TIMING CHARACTERISTICS (Continued) 
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WD90C30 AC TIMING CHARACTERISTICS 

NUMBER PARAMETER MIN MAX NOTES 

DRAM TIMING (64K by 16) 

1 RAS cycle time *5t 
2 RAS pulse width low *3t 
3 RAS high time (precharge) *2t 
4 RAS low to CAS low *1.5t 1.5t 
5 CAS cycle time 2t 2t 
6 CAS pulse width low * 1t + 2d 
7 CAS high time (precharge) * 1t - 2d 
8 Row address setup to RAS low 1t 
9 Row address hold time from RAS low 1/2t 
10 Column adress setup to CAS low 1t - 10 
11 Column address hold from CAS low 1t 
12 Read Data valid before CAS high 2 
13 Read Data hold after CAS high 0 
14 Write Data setup to CAS low 1t - 15 
15 Write Data hold after CAS low 1t - 5 
16 WE low setup before CAS low 1t - 10 
17 WE low hold after CAS high Same as 

CAS low 
18 OE high before WE low 1t + 2 
19 OE low after WE high 1t - 10 
20 CAS high for CAS before RAS refresh 0.5t 
21 RAS low from CAS low for CAS before RAS 1.5t 

refresh 

MCLK edge to RAS, CAS, MA(S:O) edge delay may be up to 40 ns. 

NOTES: 
The timing is the result of setting PR33 (3C5H, Index = 13H) = xxx0111 0 
* Timings are adjustable by PR33 
Memory write uses fast page early write, while keeping OE = 1. 
Memory read uses fast page read, while keeping OE = O. 
t = 1/MCLK (MCLK = 36 MHz for SO ns, 64K by 16 DRAM) 
d = Delay with a min of 4 ns and a max of 7 ns. 

TABLE 5. AC TIMING CHARACTERISTICS (Continued) 
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AC TIMING CHARACTERISTICS WD90C30 r---------_. 
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WD90C30 
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AC TIMING CHARACTERISTICS 

~ 2 
~ 

3b 4b 

ADDRESS 

3Oc-1\ 

L 3a 4a 

r-D< ~ 

~ ~ 
7a 

7 8a 

7b 

~ / 

~ 8e 

II 

4 I~I\. 
12a 

11 12b 

V- i----. 

ATA K X 
13 30a 
14 15 

1---30b 
1-131 31 

'\ / 
I 

17 
~ HI - Z 

~ 
~ 

19 
~ 

V 

20a, 20b 21a 

~ 
22 

~V '{, 
~ 25 

~ '\ 
27 ----- HI - Z 

28 
~ HI - Z 

FIGURE 7. AT MODE BUS TIMING 

ADVANCE INFORMATION 11/7/91 



AC TIMING CHARACTERISTICS WD90C30 ,------------. 
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WD90C30 

DRAM Timing Adjustment: The RAS, CAS 
timing can be adjusted by register PR33 (3CSH, 
Index 3H) bits 4 through O. Only the following 
timing may be affected: (See Figures 9 and 10). 

3 RAS high time (precharge) 
4 RAS low to CAS low 
6 CAS pulse width 

, I , 
!~ 

MCLK 

AC TIMING CHARACTERISTICS 

CAS pulse width adjustment: CAS cycle time is 
always equal to 2t {t = 1/MCLK}, {d = (4- 8) ns}. 

PR33 (Bits 4 through 3) = 
00, CAS low = 1t + d; 
01, CAS low = 1t + 2d; 
1 X, CAS low = 1.St; 

PR33 = xxxOOOOO 

CAS high = 1t - d 
CAS high = 1t - 2d 
CAS high = 1/2t 

2.51 + d 2.51 + d 

RAS 
61 

CAS 

MCLK 

2t 

51 

CAS 

17-30 

r---------------~I 

:1 
2.51 - d 2t 

111 + d 1 ' :.---..: ...... l 
. i li1l _ d 

FIGURE 11. 256K BY 4 DRAM TIMING 

PR33 = xxx01110 

21 

2t 

FIGURE 12. 64K BY 16 DRAM TIMING 
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WD90C30 REGISTERS WD90C30 

7.0 WD90C30 REGISTERS 
All the standard IBM registers incorporated inside the 
WD90C30 are functionally equivalent to the VGA im
plementation while additional Western Digital 
registers enhance the video subsystem. Com
patibility registers provide functional equivalence for 
AT&T, Hercules, MDA, and CGA standards defined 
earlier using the 6845 CRT Controller. This section 
describes the VGA registers in greater detail, fol-

lowed by the VGAlEGA difference section and PR 
registers description. For more information, refer to 
the reference Iiteratu re. 

Throughout this section, all bit graphics and defini
tions apply to VGA mode followed by their brief 
description. 

REGISTERS RW MONO COLOR EITHER 

GENERAL REGISTERS 

Miscellaneous Output Register W 3C2 
R 3CC 

Input Status Register 0 RO 3C2 
Input Status Register 1 RO 38A 3DA 
Feature Control Register W 38A 3DA 

R 3CA 
'Video Subsystem Enable Register RW 3C3 

• I/O Port 3C3H can be used to replace 
46E8H [if CNF(9) = 0] for setup in AT 
mode. In Micro Channel mode, writes to 
3C3H, 8it 0 = 1 enables memory and I/O 
address decoding. 

SEQUENCER REGISTERS 

Sequencer Index Register RW 3C4 
Sequencer Data ReQister RW 3C5 

CRT CONTROLLER REGISTERS 

Index Register RW 384 304 
CRT Controller Data Register RW 385 3D5 

GRAPHICS CONTROLLER REGISTERS 

Index Register RW 3CE 
Other Graphics Registers RW 3CF 

ATTRIBUTE CONTROLLER REGISTERS 

Index Register RW 3Ca 
Attribute Controller Data Register W 3CO 

R 3C1 

VIDEO DAC PALETTE REGISTERS 

Write Address RW 3C8 
Read Address W 3C7 
DAC State R 3C7 
Data RW 3C9 
Pel Mask RW 3C6 

1. RO = Read-Only, RW = Read/Wnte, W = Wnte, and R = Read. 
2. All Register addresses are in hexidecimal 

TABLE 6. VGA REGISTERS SUMMARY 
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WD90C30 WD90C30 REGISTERS 

REGISTERS RW MONOCHROME COLOR 

PRO(A) Address Offset A RW 3CF.09 3CF.09 
PRO(8) Alternate Address Offset 8 RW 3CF.OA 3CF.OA 
PR1 Memory Size RW 3CF.08 3CF.08 
PR2 Video Select RW 3CF.OC 3CF.OC 
PR3 CRT Control RW 3CF.00 3CF.00 
PR4 Video Control RW 3CF.OE 3CF.OE 
PR5 Unlock (PRO-PR4)/Status RW 3CF.OF 3CF.OF 
PR10 Unlock (PR11-PR17) RW 385.29 305.29 
PR11 EGA Switches RW 385.2A 305.2A 
PR12 Scratch Pad RW 385.28 305.28 
PR13 Interlace H/2 Start RW 385.2C 305.2C 
PR14 Interlace H/2 End RW 385.20 305.20 
PR15 Miscellaneous Control 1 RW 385.2E 305.2E 
PR16 Miscellaneous Control 2 RW 385.2F 305.2F 
PR17 Miscellaneous Control 3 RW 385.30 305.30 
PR18 CRTC Vertical Timing Overflow RW 385.3E 385.3E 
PR19 Signature Analyzer Control RW 385.3F 305.3F 
Reserved 3X5.31- 3X5.3C RW 385.31 - 385.3C 305.31 - 305.3C 
PR1A CRTC Shadow Register Control RW 385.30 305.30 
PR20 Unlock Sequencer Extended Registers W 3C5.06 3C5.06 
PR21 Oisplay Configuration and Scratch Pad RW 3C5.07 3C5.07 
PR22 Scratch Pad RW 3C5.8 3C5.8 
PR23 Scratch Pad RW 3C5.9 3C5.9 
PR30 Memory Interface write buffer and FIFO Control RW 3C5.10 3C5.10 
PR31 System Interface Control RW 3C5.11 3C5.11 
PR32 Miscellaneous Control 4 RW 3C5.12 3C5.12 
PR33 ORAM Timing and Zero Wait State Control RW 3C5.13 3C5.13 
Registers 
PR34 Video Memory Mapping Register RW 3C5.14 3C5.14 
PR35 USRO, USR1 Output Select Register RW 3C5.15 3C5.15 

NOTE: 
All of the PR Registers may be read/write protected. Refer to the PR Registers description for more 
details. 

TABLE 7. PR REGISTERS SUMMARY 

17-32 ADVANCE INFORM A TlON 11/7/91 



WD90C30 REGISTERS WD90C30 

FUNCTIONS RW MDA CGA AT&T HERCULES 

Mode Control Register WO 388 3D8 3D8 388 

Color Select Register WO 3D9 3D9 
Status Register RO 38A 3DA 3DA 38A 

Preset Light Pen Latch WO 389 3DC 3DC 
Clear Light Pen Latch WO 388 3D8 3D8 

AT&T/M24 Register WO 3DE 
Hercules Register WO 38F 

+CRTC RW 380-387 3DO-3D7 3DO-3D7 380-387 

NOTES: 
1. RO = Read-Only, WO = Write-Only, RW = ReadIWrite. 
2. All Register addresses are in hex. 
3. + = 6845 Mode Registers. 
4. ** = This register is loaded during power on. 

TABLE 8. COMPATIBILITY REGISTERS SUMMARY 

7.1 GENERAL REGISTERS 

NAME READ WRITE 
PORT PORT 

Miscellaneous OutQut 3CC 3C2 
Input Status ReQister 0 3C2 ---

Input Status ReQister 1 3?A ---

Feature Control 3CA 3?A 

NOTES: 

1. Reserved bits should be set to zero. 

2. "?" Value is controlled by 8it 0 of the Miscel
laneous Output Register and is programmed as 
shown below: 

o = 8 in Monochrome Modes 

1 = D in Color Modes 

7.1.1 Miscellaneous Output Register, Read 
Port = 3CCH, Write Port = 3C2H 

BIT FUNCTION 

7 Vertical Sync Polarity Select 

6 Horizontal Sync Polarity Select 

5 Odd/Even Memory Page Select 

4 Reserved 

3 Clock Select 1 

2 Clock Select 0 

1 Enable Video RAM 

0 I/O Address Select 

Bit 7 * 
Vertical Sync Polarity Selection. 
o = Positive vertical sync polarity. 
1 = Negative vertical sync polarity. 

Bit 6 * 
Horizontal Sync Polarity Selection. 
o = Positive horizontal sync polarity. 
1 = Negative horizontal sync polarity. 
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NOTE: 

*These bits determined the vertical size of the 
frame by the monitor. Their encoding is shown 
below: 

BIT7 BITS VERTICAL FRAME 

0 0 Reserved 
0 1 400 lines/scan 
1 0 350 lines/scan 
1 1 480 lines/scan 

Bit 5 

Odd or Even Memory Page Select. 
When in modes 0 through 5, one memory page is 
selected from the two 64 Kbyte pages. 
o = Lower page is selected. 
1 = Upper page is selected. 

Bit 4 

Reserved in VGA. 

Bits (3:2) 

Clock Select 1,0. 

BIT3 BIT2 FUNCTION 

0 0 Selects VCLKO for VGA applica-
tions. Can be connected to 
allow 640 dots/line (25.175 
MHz). 

0 1 Selects VCLK1 for VGA applica-
tions. Can be connected to 
allow 720 dots/line (28.322 
MHz) if Configuration Register 
Bit 3 = o. 

1 0 Selects VCLK2 (external user 
defined input) if Configuration 
Register Bit 3 = O. 

1 1 Reserved. Also selects VCLK2 
(external user defined input) if 
Configuration Register Bit 3 = O. 

Bit 1 

System Processor Video RAM Access Enable. 
o = CPU access disabled. 
1 = CPU access enabled. 

WD90C30 REGISTERS 

Bit 0 

CRT Controller I/O Address Range Selection. 
Selection for Monochrome (3B4H and 3B5H), or 
Color (3D4H and 3D5H) mode. Bit 0 also maps 
Input Status Register 1 at MDA (3BAH) or CGA 
(3DAH). 

o = CRTC and status addresses for MDA mode 
(3BX). 

1 = CRTC and status addresses for CGA mode 
(3DX). 

7.1.2 Input Status Register 0, Read Only 
Port = 3C2H 

BIT FUNCTION 

7 CRT Interrupt 

6:5 Reserved 
4 Monitor Detect Bit for Color/ 

Monochrome Display 
3:0 Reserved 

Bit 7 

CRT Vertical Retrace Interrupt Pending or 
Cleared. 
o = Vertical retrace interrupt cleared. 
1 = Vertical retrace interrupt pending. 

Bits (S:5) 

Reserved in VGA. 

Bit 4 

Monitor Detection in VGA mode. 
DA 15 monitor status (Pin 20) is sampled and can 
be read from this bit. 

Bits (3:0) 

Reserved. 
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7.1.3 Input Status Register 1, Read Only 
Port = 3?AH 

BIT 

7:6 

5 

4 

3 
2:1 

0 

Bits (7:6) 

Reserved. 

Bits (5:4) 

FUNCTION 

Reserved 

DiaQnostic 0 

DiaQnostic 1 

Vertical Retrace 
Reserved 
Display Enable 

Color Plane Diagnostics. 
These bits allow the processor to select two of 
eight colors by activating the Attribute Controller'S 
Color Plane Enable Register Bits 4 and 5. Their 
status is defined in the following table: 

COLOR PLANE INPUT STATUS 
ENABLE REGISTER REGISTER 1 

BITS BIT4 BITS 
0 0 VID2 

0 1 VID5 

1 0 VID3 

1 1 VID7 

Bit 3 

Vertical Retrace Status. 
o = Vertical frame is displayed. 
1 = Vertical retrace is active. 

Bits (2:1) 

Reserved. 

Bit 0 

Display Enable Status. 

o = CRT screen display in process. 

BIT 4 
VIDO 
VID4 

VID1 
VID6 

1 = CRT screen display disabled for horizontal or 
vertical retrace interval. 

WD90C30 

7.1.4 Feature Control Register, Read 
Port = 3CAH, Write Port = 3? AH 

BIT 

7:4 

3 

2:0 

Bits (7:4) 

Reserved 

Bit 3 

FUNCTION 

Reserved 
Vertical Sync Control 

Reserved 

Vertical Sync Control. 

o = VSYNC output enabled. 
1 = VSYNC output is logical "OR" of VSYNC and 

Vertical Display Enable. 

Bits (2:0) 

Reserved 

7.2 SEQUENCER REGISTERS 

PORT INDEX NAME 
3C4 --- Sequencer Index 

3C5 00 Reset 

3C5 01 ClockinQ Mode 

3C5 02 Map Mask 

3C5 03 Character Map Select 

3C5 04 Memory Mode 

NOTE: Reserved bits should be set to zero. 

7.2.1 Sequencer Index Register, Read/Write 
Port = 3C4H 

BIT 

7:5 
4:0 

Bits (7:5) 

Reserved. 

FUNCTION 

Reserved 
Sequencer Address/Index Bits 
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Bits (4:0) 

Sequencer Address/Index. 
The Sequencer Address Register is written with 
the index value (00H-04H) of the Sequencer 
Register to be accessed. Sequencer extension 
registers are also indexed by this register. 

7.2.2 Reset Register, ReadlWrite 
Port = 3C5H, Index = OOH 

BIT 

7:2 

1 
0 

Bits (7:2) 

Reserved. 

Bit 1 

FUNCTION 

Reserved 
Synchronous Reset 
Asynchronous Reset 

Synchronous Reset. 
o = Sequencer is cleared and halted 

synchronously. 
1 = Operational mode (Bit 0 = 1). 

Bit 0 

Asynchronous Reset. 
o = Sequencer is cleared and halted 

asynchronously. 
1 = Operational mode (Bit 1 = 1). 

7.2.3 Clocking Mode Register, ReadlWrite 
Port = 3C5H, Index = 01 H 

BIT FUNCTION 

7:6 Reserved 
5 Screen Off 
4 Shift 4 
3 Dot Clock 
2 Shift Load if Bit 4 = 0 
1 Reserved 
0 8/9 Dot Clocks 

Bits (7:6) 

Reserved. 

Bit 5 

Screen Off. 
0= Normal screen operation. 

WD90C30 REGISTERS 

1 = Screen turned off. SYNC signals are active 
and this bit may be used for quick full screen 
updates. 

Bit 4 

Video Serial Shift Register Loading. 
o = Serial shift registers loaded every character 

or every other character clock depending on 
Bit 2. 

1 = Serial shift registers loaded every 4th charac
ter clock (32-bit fetches). 

Bit 3 
Dot Clock Selection 
o = Normal dot clock selected by VCLK input fre

quency. 
1 = Dot Clock divided by 2 (320/360 pixels). 

Bit 2 

Shift Load. Effective only if Bit 4=0. 
o = Video serializers will be loaded every charac

ter clock. 
1 = Video serializers are loaded every other char

acter clock. 

Bit 1 

Reserved. 

Bit 0 

8/9 Dot Clock. 
Commands Sequencer to generate an 8 or 9 dot 
wide character clock. 
o = 9 dot wide character clock. 
1 = 8 dot wide character clock. 
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7.2.4 Map Mask Register, Read/Write 
Port = 3C5H, Index = 02H 

BIT 

7:4 
3 
2 
1 
0 

Bits (7:4) 

Reserved. 

Bits (3:0) 

FUNCTION 

Reserved 
Map 3 Enable 
Map 2 Enable 

Map 1 Enable 
Map 0 Enable 

Controls Writing to Memory Maps (3-0), respec
tively. 
0= Writing to maps (3-0) disallowed. 
1 = Maps (3-0) accessible. 

7.2.5 Character Map Select Register, 
Read/Write Port = 3C5H, Index = 03H 

BIT FUNCTION 

7:6 Reserved 

5 Character Map Select A Bit 2 
4 Character Map Select B Bit 2 
3 Character Map Select A Bit 1 
2 Character Map Select A Bit 0 
1 Character Map Select B Bit 1 
0 Character Map Select B Bit 0 

If Sequencer Register 4, Bit 1 = 1, then the at
tribute byte Bit 3 in text modes is redefined to 
control switching between character sets. A "0" 
selects Character Map B. A "1" selects character 
map A. Character Map selection from either Plane 
2 or Plane 3 is determined by PR2(2), PR2(5) and 
Bit 4 of the attribute code. 

Bits (7:6) 

Reserved. 

WD90C30 

Bit 5 

Character Map A MSB Select. 
The Most Significant Bit (MSB) of Character Map 
A along with Bits 3 and 2, select the location of 
Character Map A as shown below. 

BITS MAP FONT/PLANE 2 
532 SELECTED OR 3 LOCATION 
000 0 1st 8 KByte 
001 1 3rd 8 KByte 

010 2 5th 8 KByte 
011 3 7th 8 KByte 

100 4 2nd 8 KByte 

1 01 5 4th 8 KByte 
1 1 0 6 6th 8 KByte 
111 7 8th 8 KByte 

Bit 4 

Character Map B MSB Select. 
The MSB of Character Map B along with Bits 1 
and 0, select the location of Character Map B as 
shown below. 

BITS MAP 
410 SELECTED 
000 0 
001 1 
010 2 
011 3 

100 4 
1 01 5 
1 1 0 6 
111 7 

Bits (3:2) 

Character Map Select A. 
Refer to Bit 5 table. 

Bits (1 :0) 

Character Map Select B. 
Refer to Bit 4 table. 

FONT/PLANE 2 
OR 3 LOCATION 
1st 8 K~te 
3rd 8 KByte 
5th 8 KByte 
7th 8 KByte 
2nd 8 KByte 
4th 8 KByte 
6th 8 KByte 
8th 8 KByte 
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7.2.6 Memory Mode Register, ReadlWrite 
Port = 3C5H, Index = 04H 

BIT 
7:4 
3 
2 
1 
0 

Bits (7:4) 

Reserved. 

Bit 3 

FUNCTION 
Reserved 
Chain 4 
Odd/Even 
Extended Memory 
Reserved 

Chains Four Maps. 
o = Processor sequentially accesses data using 

map mask register. 
1 = Directs the two lower order video memory ad

dress pins (MAO,MA1) to select the map to 
be addressed. The map selection table is 
shown below: 

MA1 MAO MAP SELECTED 
0 0 0 
0 1 1 
1 0 2 
1 1 3 

WD90C30 REGISTERS 

Bit 2 

Odd/Even Map Selection. 
o = Even processor addresses to access Maps 0 

and 2. Odd processor addresses to access 
Maps 1 and 3. 

1 = Sequential processor access as defined by 
Map Mask Register. 

Bit 1 

Extended Video Memory. 
o = 64 KB of video memory. 
1 = Greater than 64 KB of memory for VGAlEGA 

modes. 

Bit 0 

Reserved. 
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PORT INDEX VGA REGISTER NAME *6845 REGISTER NAME • 3?4 --- CRT Controller Address ReQister CRTC Address ReQister 

3?5 00 Horizontal Total HorizontalTotal 

3?5 01 Horizontal Display Enable End Horizontal Display 

3?5 02 Start Horizontal Blanking + 
3?5 03 End Horizontal Blanking + 
3?5 04 Start Horizontal Retrace + 
3?5 05 End Horizontal Retrace + 
3?5 06 Vertical Total + Vert. Display 

3?5 07 Overflow + 
3?5 08 Preset Row Scan + 
3?5 09 Maximum Scan Line/Others Maximum Scan Line Address 

3?5 OA Cursor Start Cursor Start 
3?5 OB Cursor End Cursor End 

3?5 OC Start Address HiQh Start Address HiQh 

3?5 00 Start Address Low Start Address Low 

3?5 OE Cursor Location HiQh Cursor Location HiQh 

3?5 OF Cursor Location Low Cursor Location Low 

3?5 10 Vertical Retrace Start LiQht Pen High Read 

3?5 11 Vertical Retrace End LiQht Pen Low Read 

3?5 12 Vertical Display Enable End 

3?5 13 Offset + 
3?5 14 Underline Location + 
3?5 15 Start Vertical Blank + 
3?5 16 End Vertical Blank + 
3?5 17 CRTC Mode Control + 
3?5 18 Line Compare + 

TEXT = 1. "?" Value is controlled by Bit a of the Miscellaneous Output Register and is programmed 
as shown below: 
o = B in Monochrome Modes 
1 = 0 in Color Modes 
2. "*" 6845 Mode Registers are defined and explained in greater detail in the reference literature. 
3. "+" This register can be programmed in VGA mode only. It is not applicable in 6845 mode. 
4. Reserved bits should be set to zero. 
5. Port addresses are in hex. 

TABLE 9. CRT CONTROLLER REGISTERS 
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7.3 CRT CONTROLLER REGISTERS 

7.3.1 CRT Address Register, 
Read/Write Port = 3?4H 

BIT FUNCTION 

7:5 
4:0 

Bits (7:5) 

Reserved. 

Bits (4:0) 

Reserved 
Index bits 

Index Register Bits. 
CRT Controller index pointer bits to specify the 
register to be addressed. Its value is programmed 
in hexidecimal. 

7.3.2 Horizontal Total Register, Read/Write 
Port = 3?SH, Index = OOH 

FUNCTION 

Horizontal Total Period 

Bits (7:0) 

Count Plus Retrace Less Five. 
In VGA mode, the total character count is the total 
number of characters including retrace time less 
5, per horizontal scan line. 

7.3.3 Horizontal Display Enable End 
Register, ReadlWrite Port = 3?SH, Index 
01H 

FUNCTION 

er Scan Line 

Bits (7:0) 

This register contains the total number of dis
played characters less one. This register is locked 
if PR3(5) = 1 or the Vertical Retrace End Register 
Bit 7 = 1. 

WD90C30 REGISTERS 

7.3.4 Start Horizontal Blanking Register, 
Read/Write Port = 3?SH, Index = 02H 

FUNCTION 

Start Horizontal Blankin 

Horizontal blanking begins when the horizontal 
character counter reaches this character ciock 
value. This register is locked if the PR Register 
PR3 (5) = 1 or the Vertical Retrace End Register 
Bit 7 = 1. 

7.3.5 End Horizontal Blanking ReadlWrite 
Port = 3?5H, Index = 03H 

BIT FUNCTION 

7 Reserved 
6:5 Display Enable Signal Skew Control 
4:0 End Horizontal Blanking (lower 5 bits) 

This register is locked if the PR Register PR3(5) = 
1 OR the Vertical Retrace End Register Bit 7 = 1. 

Bit 7 

Reserved 

Bits (6:5) 

Display Enable Signal Skew Control. 
These bits define the display enable signal skew 
time in relation to horizontal synchronization pul
ses. The skew table is shown below: 

BIT6 BITS SKEW IN CHARACTER 
CLOCKS 

0 0 0 

0 1 1 

1 0 2 
1 1 3 

Bits (4:0) 

End Horizontal Blanking. 
Start blanking register plus the width of the 
horizontal blank in character clocks. The least sig
nificant five bits are programmed in this register, 

17-40 ADVANCE INFORMATION 1117191 



WD90C30 REGISTERS 

while the most significant bit is the End Horizontal 
Retrace Register (Index 05H) Bit 7. When the 
least significant five bits of the horizontal charac
ter counter matches these six bits, the horizontal 
blanking ends. 

7.3.6 Start Horizontal Retrace Pulse 
Register, ReadlWrite Port = 3?SH, Index 
=04H 

BIT FUNCTION 

7:0 Start Horizontal Retrace 
Character Count 

Bits (7:0) 

Start Horizontal Retrace Character Count. 
Hex value in character count at which horizontal 
retrace output pulse becomes active. This register 
is locked if the PR Register PR3(5) = 1 or the 
Vertical Retrace End Register Bit 7 = 1. 

7.3.7 End Horizontal Retrace Register, 
Read/WrIte Port = 3?SH, Index = OSH 

BIT FUNCTION 

7 End Horizontal Blank bit 6 
6:5 Horizontal Retrace Delav 
4:0 End Horizontal Retrace 

This register is locked if the PR Register PR3(5) = 
1 or the Vertical Retrace End Register Bit 7 = 1. 

Bit 7 

MSB (Sixth Bit) of End Horizontal Blanking 
Register. 

Bits (6:S) 

Horizontal Retrace Delay. 
These bits define horizontal retrace signal delay. 
See the following table for details: 

WD90C30 

BIT6 BITS CHARACTER CLOCK 
DELAY 

a a a 
a 1 1 
1 a 2 

1 1 3 

Bit(4:0) 

End Horizontal Retrace. 
Start retrace register value is added to the charac
ter count for width "W". The least significant five 
bits are programmed in this register. When the 
Start Horizontal Retrace Register value matches 
these five bits, the horizontal retrace signal is 
turned off. 

7.3.8 Vertical Total Register, ReadlWrite 
Port = 3?SH, Index = 06H 

FUNCTION 

Vertical Total Scan Lines 

Bits (7:0) 

Raster Scan Line Total Less 2. 
The least significant eight bits of an eleven bit 
count of raster scan lines for a display frame. The 
loaded value includes vertical total scan lines 
minus two. lime for vertical retrace, and vertical 
sync are also included. The eighth and nineth bits 
of this count are loaded into the Vertical Overflow 
Register (Index = 07H) as Bit a and Bit 5, respec
tively. Bit 10 of this count is in the 3?5H, index 
3EH, bit O. In 6845 modes, total vertical display 
time in rows is programmed into Bit 6 - Bit 0, while 
Bit 7 is reserved. Scan count reduction is not 
necessary. The number of scan lines in a row is 
determined by the maximum Scan Line Register 
(Index 09H Bits 4 through 0). This register is lock
ed if the PR Register PR3(0) = 1 or the Vertical 
Retrace End Register Bit 7 = 1. 
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7.3.9 Overflow Vertical Register, ReadlWrite 
Port = 3?SH, Index = 07H 

BIT FUNCTION 

7 Vertical Retrace Start Bit 9 
6 Vertical Display Enable End Bit 9 

5 Vertical Total Bit 9 
4 Line Compare Bit 8 

3 Start Vertical Blank Bit 8 
2 Vertical Retrace Start Bit 8 
1 Vertical Display Enable End Bit 8 
0 Vertical Total Bit 8 

++Bit 7 

Vertical Retrace Start Bit 9 (Index = 10H). 

**Bit 6 

Vertical Display Enable End Bit 9 (Index = 12H). 

++Bit S 

Vertical Total Bit 9 (Index = 06H). 

Bit 4 

Line Compare Bit 8 (Index = 18H). 

++Bit 3 

Start Vertical Blank Bit 8 (Index =15H). 

++Bit 2 

Start Vertical Retrace Start Bit 8 (Index = 10H). 

++ Bit 1 

Vertical Total Bit 8 (Index = 06H) 

NOTES: 
+ This register is locked if the PR Register PR3(5) 
= 1 OR the Vertical Retrace End Register Bit 7 = 
1. 

WD90C30 REGISTERS 

** This register is locked if the PR Register 
PR3(1 )=0 AND the Vertical Retrace End Register 
Bit 7 = 1. 

++ This register is locked if the PR Register 
PR3(0) = 1 OR the Vertical Retrace End Register 
Bit7=1. 

7.3.10 Preset Row Scan Register, ReadlWrite 
Port = 3?SH, Index = 08H 

BIT 

7 
6:5 
4:0 

Bit 7 

Reserved. 

Bits (6:S) 

FUNCTION 

Reserved 
Byte PanninQ Control 

Preset Row Scan Count 

Byte Panning Control. 
These bits allow up to three bytes to be panned in 
modes programmed as multiple shift modes. 

BIT 6 BITS OPERATION 
0 0 Normal 

0 1 1 Byte Left Shift 
1 0 2 Bytes Left Shift 
1 1 3 Bytes Left Shift 

Bits (4:0) 

Preset Row Scan Count. 
These bits preset the vertical row scan counter 
once after each vertical retrace. This counter is 
incremented after each horizontal retrace period, 
until the maximum row scan count is reached. 
When maximum row scan count is reached, the 
counter is cleared. This register can be used for 
smooth vertical scrolling of text. 
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7.3.11 Maximum Scan Line Register, 
Read/Write Port = 3?5H, Index = 09H 

BIT FUNCTION 

7 200 to 400 Line Conversion 

6 Line Compare Bit 9 

5 Start Vertical Blank Bit 9 
4:0 Maximum Scan Line 

Bit 7 

200 to 400 Line Conversion. 
o = Normal operation. 
1 = Activate line doubling. The row scan counter 

is clocked at half the horizontal scan rate to 
allow 200 line modes display 400 scan lines 
(each line is double scanned). 

Bit 6 

Line Compare. 
This is Bit 9 of the Line Compare Register 
(Index = 18H). 

Bit 5 

Start Vertical Blank. 
This is Bit 9 of the Start Vertical Blank Register 
(Index = 15H). This register is locked if the PR 
Register PR3 (O) = 1. 

Bits (4:0) 

Maximum Scan Line. 
Maximum number of scanned lines for each row 
of characters. The value programmed is the maxi
mum number of scanned rows per character 
minus one. In 6845 mode, Bits 5 through 7 are 
reserved, and Bits 4 through 0 are programmed 
with the maximum scan line count less one for 
non-interlace mode. Interlaced mode is not sup
ported. 

WD90C30 

7.3.12 Cursor Start Register, Read/Write 
Port = 3?5H, Index = OAH 

BIT FUNCTION 

7:6 Reserved 

5 Cursor Control 

4:0 

Bits (7:6) 

Reserved. 

Bit 5 

Cursor Start Scan Line 

Cursor Control. 
O=Cursor on. 
1 =Cursor off. 

Bits (4:0) 

Cursor Start Scan Line. 
These bits specify the row scan counter value 
within the character box where the cursor begins. 
These bits contain the value of the character row 
less one. If this value is programmed with a value 
greater than the Cursor End Register (Index = 
OBH), no cursor is generated. For 6845 modes, 
Bit 7 is reserved. Bit 5 controls the cursor opera
tion and Bits 4 through 0 contain the cursor start 
value. Bit 6 is not used. 
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7.3.13 Cursor End Register, ReadlWrite 
Port = 3?5H, Index = OBH 

BIT FUNCTION 

7 
6:5 
4:0 

Bit 7 

Reserved. 

Reserved 
Cursor Skew 
Cursor End Scan Line 

Bits (6:5) 

Cursor Skew Bits. 
Delays the displayed cursor to the right by the 
skew value in character clocks, e.g., one charac
ter clock skew moves the cursor right by one posi
tion on the screen. Refer to the table below. 

BIT6 BIT5 SKEW 
0 0 0 
0 1 1 

1 0 2 
1 1 3 

Bits (4:0) 

Cursor End Scanline. 
These bits specify the last row scan counter value 
within the character box during which the cursor is 
active. If this value is less than the cursor start 
value, no cursor is displayed. In 6845 mode, Bits 
7 through 5 are reserved and Bits 4 through 0 
contain row value of the cursor end. 

NOTE: There are three types of cursors 
generated, depending upon the mode, i.e, EGA, 
VGA, or 6845 (non-VGA). The above description 
refers to the VGA cursor only. 

7.3.14 Start Address High Register, 
Read/Write Port = 3?5H, Index = OCH 

FUNCTION 

Start Address Hi h B te 

WD90C30 REGISTERS 

Bits (7:0) 

Display Screen Start Address Upper Byte Bits. 
Eight high order bits of the 16-bit video memory 
address, used for screen refresh. The low order 
8-bit register is at Index ODH. The PR Register 
PR3 Bits 3 and 4 extend this video memory start 
register to 18 bits. In 6845 modes Bits 6 and 7 are 
forced to "0", regardless of this register's con
tents, while the lower order eight bits are at Index 
register ODH. 

7.3.15 Start Address Low Register, 
Read/Write Port = 3?5H, Index = OOH 

FUNCTION 

Start Address Low B te 

Bits (7:0) 

Start Address Low Byte. 
The lower order eight bits of the 16-bit video 
memory address in VGA or 6845 modes. 

7.3.16 Cursor Location High Register, 
Read/Write Port = 3?5H, Index = OEH 

Cursor Location Hi 

Bits (7:0) 

Cursor Address Upper Byte Bits. 
The eight higher order bits of the 16-bit cursor 
location in VGA mode. For the lower order eight 
bits, see the Cursor Location Low Register at 
Index OFH. In VGA mode, the PR Register PR3 
Bits 3 and 4 extend the cursor location High 
Register to 18 bits. For 6845 modes, Bits 6 and 7 
are reserved, while Bits 5 through 0 are the high 
order bits of the cursor. 
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7.3.17 Cursor Location Low Register, 
Read/Write Port = 3?5H, Index = OFH 

FUNCTION 

Cursor Location Low B te 

Bits (7:0) 

Cursor Address Lower Byte Bits. 
The lower order eight bits of the 16-bit video 
memory address in VGA or 6845 mode. 

7.3.18 Vertical Retrace Start Register, 
Read/Write Port = 3?5H, Index = 10H 

BIT FUNCTION 

7:0 Vertical Retrace Start 
(Lower eight bits) 

Bits (7:0) 

Vertical Retrace Start Pulse Lower Eight Bits. 
The lower eight bits of the 11-bit Vertical Retrace 
Start Register. Bits 8 and 9 are located in the 
Overflow Register (Index = 07H). Bit 10 is located 
in 3?5H, Index 3EH, bit 2. In 6845 compatible 
mode, this register shows the high order six bits in 
positions 5 through 0 as the light pen read back 
value, and Bits 6 and 7 are reserved. The lower 
order eight bits of the Light Pen Read Back 
Register are at the Index 11 H. In EGA compatible 
mode this register shows the high order eight bits 
as the light pen value. This register is locked if PR 
register PR3(O) = 1. 

7.3.19 Vertical Retrace End Register, 
Read/Write Port = 3?5H, Index = 11 H 

BIT FUNCTION 

7 CRTC 0-7 Write Protect 

6 Select 3/5 DRAM Refresh 
5 Enable Vertical Interruj)! 
4 Clear Vertical Intern_IQt 
3:0 Vertical Retrace End 

This register is locked if the PR Register 
PR3(O)=1. 

WD90C30 

Bit 7 

CRTC Registers Write Protect. 
o = Enables writes to CRT index registers OOH-

07H. 
1 = Write protects CRT Controller Index registers 

in the range of index 00H-07H. Line Com
pare Bit 4 in the Overflow Register (07H) is 
not protected. 

Bit 6 

DRAM Refresh/Horizontal Scan Line. 
Selects DRAM refresh cycles per horizontal scan 
line. 
o = Generates three refresh cycles for each 

horizontal scan line for normal VGA operation. 
1 = Generates five DRAM refresh cycles per 

horizontal scan line. 

Bit 5 

Enable Vertical Retrace Interrupt. 
o = Enable vertical retrace interrupt. 
1 = Disable vertical retrace interrupt. 

Bit 4 

Clear Vertical Retrace Interrupt. 
o = Clears vertical retrace interrupt by resetting 

(writing a "0" to) an internal flip flop. 
1 = Vertical retrace interrupt. Allows an interrupt 

to be generated after the last displayed scan 
of the frame has occurred (Le., the start of the 
bottom border). 

Bits (3:0) 

Vertical Retrace End. 
Specify scan count at which vertical sync be
comes inactive. For retrace signal pulse width 
"W", add scan counter for "W" to the value of the 
Vertical Retrace Start Register. The four-bit result 
is written in the Vertical Retrace End Register. In 
6845 or EGA compatible mode, this register al
lows the read back value of the lower eight bits of 
Light Pen Register. 
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7.3.20 Vertical Display Enable End Register, 
Read/Write Port = 3?5H, Index = 12H 

BIT FUNCTION 

7:0 Vertical Display Enable End 
(Lower eiQht bits) 

Bits (7:0) 

Vertical Display Enable End Lower Eight Bits. 
The eight lower bits of this 11-bit register defines 
where the active display frame ends. The 
programmed count is in scan lines minus one. 
Bits 8 and 9 are in the Overflow Register (Index 
07H) at positions -1 and 6, respectively. Bit 10 is 
in 3?5H, Index 3EH, Bit 10 

7.3.21 Offset Register, Read/Write 
Port = 3?5H, Index = 13H 

FUNCTION 

ical Line Screen Width 

Bits (7:0) 

Logical Line Screen Width. 
This register specifies the width of display 
memory in terms of an offset from the current row 
start address to the next character row. The offset 
value is a word address adjusted for word or 
double word display memory access. It is calcu
lated as follows: 
Next Row Scan Start Address = Current Row 
Scan Start Address + (K * value in Offset 
Register), where K = 2 in byte mode and K = 4 in 
word mode. 

7.3.22 Underline Location Register, 
Read/Write Port = 3?5H, Index = 14H 

BIT FUNCTION 

7 Reserved 

6 Doubleword Mode 
5 Count by 4 
4:0 Underline Location 

Bit 7 

Reserved. 

Bit 6 
Doubleword Mode. 

WD90C30 REGISTERS 

o = Display memory addressed for byte or word 
access. 

1 = Display memory addressed for double word 
access. 

Bit 5 

Count by Four for Double Word Access 
o = Memory address counter clocked for byte or 

word access. 
1 = Memory address counter is clocked at the 

character clock rate divided by four. 

Bits (4:0) 

Underline Location. 
These bits specify the row scan counter value 
within a character matrix where underline is to be 
displayed. Load a value one less than the desired 
scan line number. 

7.3.23 Start Vertical Blank Register, 
Read/Write Port = 3?5H, Index =15H 

This register is locked if the PR Register 
PR3(O)=1. 

Start Vertical Blank 

Bits (7:0) 

Start Vertical Blank Lower Eight Bits. 
The lower eight bits of the 11-bit Start Vertical 
Blank Register. Bit 8 is in the Overflow Register 
(Index = 07H) and Bit 9 is in the Maximum Scan 
Line Register (Index = 09H). Bit 10 is 3?5H; Index 
3EH, Bit 3. The eleventh bit value is reduced by 
one from the desired scan line count where the 
vertical blanking signal starts. 
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7.3.24 End Vertical Blank Register, Read/Write 
Port = 3?5H, Index = 16H 

This register is locked if the PR Register 
PR3(O)=1. 

I BIT I FUNCTION 

Bits (7:0) 

Vertical Blank Inactive Count. 
End Vertical Blank is an eight-bit value calculated 
as follows: 
Eight-bit End Vertical Blank value = (value of Start 
Vertical Blank minus one) + (value of Vertical 
Blank signal width in scan lines). 

7.3.25 CRT Mode Control Register, 
Read/Write Port = 3?5H, Index = 17H 

This register is locked if PR Register PR3(5) = 1. 

BIT FUNCTION 

7 Hardware Reset 

6 Word or Byte Mode 

5 Address Wrap 

4 Reserved 

3 Count by 2 

2 Horizontal Retrace Select 

1 Select Row Scan Counter 

0 CGA Compatibility 

Bit 7 

Hardware Reset. 
o = Horizontal and vertical retrace outputs inac

tive. 
1 = Horizontal and vertical retrace outputs 

enabled. 

Bit 6 

Word or Byte Mode. 
0= Word address mode. All memory address 

counter bits shift down by one bit and the 
MSB of the address counter appears on the 
LSB. See the Table 10. 

1 = Byte address mode. 

WD90C30 

CRT14H CRT17H ADDRESS 
Bit 6 Bit 6 Mode 

0 0 Word 

0 1 Byte 

1 X Doubleword 

Bit 5 

Address Wrap. 
0= In word address mode, this bit enables Bit 13 

to appear at MAO, otherwise Bit 0 appears on 
MAO. 

1 = Select MA 15 for odd/even mode when 256 
Kbytes of video memory is used on the sys
tem board. 

Bit 4 

Reserved. 

Bit 3 

Count by 2 
o = Character clock increments memory address 

counter. 
1 = Character clock divided by two increments 

the address counter. 

Bit 2 

Horizontal Retrace Clock Rate Select for Vertical 
Timing Counter. 
o = Selects horizontal retrace clock rate 
1 = Selects horizontal retrace clock rate divided 

by two. 

Bit 1 

Select Row Scan Counter. 
o = Selects row scan counter Bit 1 as output at 

MA 14 address pin. 
1 = Selects Bit 14 of the CRTC address counter 

as output at MA 14 pin. 

Bit 0 

6845 CRT Controller Compatibility Mode Support 
for CGA Operation. 
o = Row scan address Bit 0 is substituted for 

memory address Bit 13 at MA13 output pin 
during active display time. 

1 = Enable memory address Pin 13 to be output 
at MA 13 address pin. 
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MEMORY ADDRESS BYTE ADDRESS WORD ADDRESS DOUBLE WORD 
MODE MODE ADDRESS MODE 

MAO/RFO MAO *MA15 OR MA13 MA12 

MA1/RF1 1 0 MA13 

MA2/RF2 2 1 0 

MA3/RF3 3 2 1 

MA4/RF4 4 3 2 

MA5/RF5 5 4 3 

MA6/RF6 6 5 4 

MA7/RF7 7 6 5 

MA8/RF8 8 7 6 

MA9 9 8 7 

MA10 10 9 8 
MA11 11 10 9 

MA12 12 11 10 

MA13 13 12 11 

MA14 14 13 12 

MA15 15 14 13 

NOTE: 
* See Bit 5, defining address wrap. This table is only applicable when PR Register PR1 Bits 7 and 6 
equal zero, or PR16 Bit 1 equals one. 

The CRT Underline Location Register (Index = 14H) Bit 6 also controls addressing. However, when 
CRT14H(6) = 0, only the CRT Mode Control Register (Index 17H) Bit 6 controls addressing. 

TABLE 10. WORD OR BYTE MODE 
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7.3.26 Line Compare Register, ReadlWrite 
Port = 3?5H, Index = 18H 

Bits (7:0) 

Line Compare Lower Eight Bits. 
Lower eight bits of the ten-bit Scan Line Compare 
Register. Bit 8 is in the Overflow Register (Index 
= 07H) and Bit 9 is in the Maximum Scan Line 
Register (Index = 09H). When the vertical counter 
reaches this value, the internal start of the line 
counter is cleared. 

7.4 GRAPHICS CONTROLLER REGISTERS 

PORT INDEX NAME 
(HEX) (HEX) 
3CE - Graphics Index Register 
3CF 00 Set/Reset 
3CF 01 Enable Set/Reset 
3CF 02 Color ComJ)are 
3CF 03 Data Rotate 
3CF 04 Read Map Select 
3CF 05 Graphics Mode 
3CF 06 Miscellaneous 
3CF 07 Color Don't Care 

3CF 08 Bit Mask 

NOTE: 
1 . Reserved bits should be set to zero. 

7.4.1 Graphics Index Register, ReadlWrite 
Port = 3CEH 

BIT 

7:4 
3:0 

Bits (7:4) 

Reserved. 

FUNCTION 

Reserved 
Graphics Address Bits 

WD90C30 

Bits (3:0) 

Graphics Controller Register Index Pointer Bits. 
Note that some of the PR registers reside with the 
index pointer extension beyond the standard VGA 
Graphics Controller registers. 

7.4.2 Set/Reset Register, ReadlWrite 
Port = 3CFH, Index = OOH 

BIT 

7:4 
3 
2 
1 
0 

Bits (7:4) 

Reserved. 

FUNCTION 

Reserved 
Set/Reset Map 3 
Set/Reset Map 2 
Set/Reset Map 1 
Set/Reset Map 0 

Bits (3:0) 

Set/Reset Map. 
When the CPU executes display memory write 
with Write Mode 0* selected and the Enable 
Set/Reset Register (Index = 01 H) activated, the 
eight bits of the bit value in this register, which 
have been operated on by the Bit Mask Register, 
are then written to the corresponding display 
memory map. It is an eight-bit fill operation. The 
map designations are defined below: 

0= Reset. 
1 = Set. 

BIT 
3 
2 
1 
0 

NOTE: 

SET/RESET 
Map 3 
Map 2 
Map 1 
Map 0 

*The selection of Write Mode 0 is determined by 
the Graphics Mode Register (Index = 05H) Bit 1 
and Bit o. 
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7.4.3 Enable Set/Reset Register, ReadlWrite 
Port = 3CFH, Index = 01 H 

BIT 

7:4 
3 
2 
1 

0 

Bits (7:4) 

Reserved. 

Bits (3:0) 

FUNCTION 

Reserved 
Enable Set/Reset Map 3 
Enable Set/Reset Map 2 
Enable Set/Reset Map 1 

Enable Set/Reset Map 0 

Enable Set/Reset Register (Index OOH). 
0= When Write Mode 0 is selected, these bits, 

set to "0", disable the Set/Reset Register 
(Index = OOH) memory map access and the 
map is written with the rotated 8-bit data from 
the system microprocessor as defined by the 
Data Rotate Register. 

1 = When Write Mode 0 is selected, these bits 
enable memory map access defined by the 
Set/Reset Register (Index = OOH), and the 
respective memory map is written with the 
Set/Reset Register value. 

WD90C30 REGISTERS 

7.4.4 Color Compare Register, Read/Write 
Port = 3CFH, Index = 02H 

BIT 

7:4 

3 

2 
1 

0 

Bits (7:4) 

Reserved. 

FUNCTION 

Reserved 

Color Compare Map 3 

Color Compare Map 2 
Color Compare Map 1 

Color Compare Map 0 

Bits (3:0) 

Color Compare. 
The color compare bit contains the value to which 
all eight bits of the corresponding memory map 
are compared. This comparison also occurs 
across all four maps, and a "1" is returned for the 
map positions where the bits of all four maps 
equal the Color Compare Register. If a system 
read is done with Bit 3 = 0 for the Graphics Mode 
Register (Index = OSH), data is returned without 
comparison. Color compare map coding is shown 
below. 

BIT COLOR COMPARE 

3 Map 3 
2 Map 2 

1 Map 1 
0 Map 0 
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7.4.5 Data Rotate Register, ReadlWrite 
Port = 3CFH, Index = 03H 

BIT 

7:5 
4 
3 

2 
1 
0 

Bits (7:5) 

Reserved. 

FUNCTION 

Reserved 
Function Select 1 
Function Select 0 
Rotate Count Bit 2 
Rotate Count Bit 1 
Rotate Count Bit 0 

Bits (4:3) 

Function Select. 
Function select for any of the write mode opera
tions defined in the Graphics Mode Register 
(Index = 05H) is defined as follows. 

BIT4 BIT3 FUNCTION 
0 0 Video memory data un-

modified 
0 1 Video memory data ANDed 

with system data in the 
latches 

1 0 Video memory data ORed 
with system data in the 
latches 

1 1 Video memory data XORed 
with system data in the 
latches 

Note: "Data" refers to CPU data that has gone 
through data rotation. The latches contain the 
data from the last memory read operation. 

Bits (2:0) 

Rotate Count. 
It specifies number of bit positions of rotation to 
the right. Data written by the CPU is rotated in 
write mode 0, defined by the Graphics Mode 
Register (Index = 05H). 

WD90C30 

7.4.6 Read Map Select Register, ReadlWrite 
Port = 3CFH, Index = 04H 

BIT 
7:2 
1 
0 

Bits (7:2) 

Reserved. 

FUNCTION 
Reserved 
Map Select 1 
Map Select 0 

Bits (1 :0) 

Map Select. 
These bits select memory map in memory read 
operations. It has no effect on color compare read 
mode. In odd/even modes, the value can be OOb 
or 01b to select chained Maps 0 and 1 or value 
10b or 11b to select the chained Maps 2 and 3. 
Map read is defined as shown below. 

BIT 1 BIT 0 READ MAP 
0 0 0 
0 1 1 
1 0 2 
1 1 3 
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7.4.7 Graphics Mode Register, Read/Write 
Port = 3CFH, Index = 05H 

BIT 

7 

6 

5 
4 

3 
2 

1 

a 

Bit 7 

Reserved. 

Bit 6 

FUNCTION 

Reserved 
256 Color Mode 

Shift Register 

CGA Odd/Even 
Read Type 

Reserved 
Write Mode bit 1 

Write Mode bit a 

256 Color Mode. 
a = Enables Bit 5 of this register to control load

ing of the shift registers. Four-bit pixel is ex
panded to six bits through internal palette and 
is sent out on the lower six bits (VID5 - VIDa) 
pins every dot clock. The remaining two video 
outputs (VID6, VID7) are determined by Bits 
2 and 3 of the Color Select Register located 
at Index = 14H within the Attribute Controller. 

1 = Load video shift registers to support 256-
color mode. 

Bit 5 

Shift Register. 
Shift register load controls the way in which 
memory data is formatted in the four video shift 
registers. MSB is shifted out in all cases. 

WD90C30 REGISTERS 

a = Map a through Map 3 data is placed into shift 
registers for normal operations. 

1 = For CGA graphics mode compatibility, even 
numbered bits from all the maps are shifted 
out of even numbered shift registers, and odd 
numbered bits from all the maps are shifted 
out of odd numbered shift registers. 

Bit 4 

Odd/Even Mode. 
a = Normal 
1 = CGA compatible odd/even system access 

mode. Sequential addressing as defined by 
Bit 2 of the Sequencer Memory Mode 
Register (Index = a4H). Even system addres
ses access Maps a or 2 and odd system ad
dresses access Maps 1 or 3. 

Bit 3 

Read Mode. 
a = System reads data from memory maps 

selected by Read Map Select Register (Index 
a4H). This setting will have no effect if Bit 3 
of the Sequencer Memory Mode Register = 1. 

1 = System reads the comparison of the memory 
maps and the Color Compare Register. 

Bit 2 

Reserved. 

Bits (1 :0) 

Write Mode. 
Table 11 defines the four write modes. 
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BIT 1 BIT 0 WRITE MODE 

0 0 Write Mode O. If the Set/Reset Register function is enabled for 
any of the maps, the eight bits of the bit value in the Set/Reset 
Register, which have been operated on by the Bit Mask Register, 
are then written to the corresponding display memory map. If the 
Set/Reset Register function is disabled, the map is written with the 
CPU data which is rotated right by the number of bits defined in 
the Data Rotate Reqister Lwith the old LSB now the new MSB). 

0 1 Write Mode 1. This mode can be used to write the same value to 
many memory locations. The 32 bits of data in the system latches 
are written into each of the four memory maps. The system read 
operation loads the latches. 

1 0 Write Mode 2. Memory maps (3:0) are filled with the eight-bit 
value of the corresponding CPU data bits (3:0). The 32-bit output 
of the four memory maps is then operated on by the Bit Mask 
Reqister and the resultinq data is written to the four memory maps. 

1 1 Write Mode 3. Eight bits of the value contained in the Set/Reset 
Register (Index = OOH) is written into the corresponding map, 
regardless of the Enable Set/Reset Register (Index = 01 H). The 
right rotated CPU data (see Write Mode 0) is ANDed with Bit Mask 
Register data to form an eight-bit mask value that performs the 
same function as the Bit Mask Reqister in Write Modes 0 and 2. 

TABLE 11. WRITE MODES 

7.4.8 Miscellaneous Register, ReadIWrite 
Port = 3CFH, Index = OSH 

BIT3 BIT2 CPU ADDRESS LENGTH 
RANGE 

BIT 

7:4 

3 

2 
1 

0 

Bits (7:4) 

Reserved. 

FUNCTION 

Reserved 
Memory Map 1 
Memory Map 0 

Odd/Even 
Graphics Mode 

Bits (3:2) 

Memory Map 1, O. 
Display memory map control into the CPU ad
dress space is shown below: 

0 0 AOOO:OH- 128KB 
BFFF:FH 

0 1 AOOO:OH- 64KB 
AFFF:FH 

1 0 BOOO:OH- 32KB 
B7FF:FH 

1 1 B800:0H- 32KB 
BFFF:FH 

Bit 1 

Odd/Even Mode. 
o = CPU address Bit AO is the memory address 

Bit MAO. 
1 = CPU address Bit A is replaced by higher 

order address bit. AO is then used to select 
odd or even maps. AO = 0 selects Map 0 or 2, 
while AO = 1 selects Map 1 or 3. 
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Bit 0 

Graphics/Alphanumeric Mode. 
This bit is programmed the same way as Bit 0 of 
the Attribute Mode Control Register. 
o = Alphanumeric mode selects. 
1 = Graphics mode selected. 

7.4.9 Color Don't Care Register, Read/Write 
Port = 3CFH, Index = 07H 

BIT 
7:4 
3 
2 
1 

0 

Bits (7:4) 

Reserved. 

Bits (3:0) 

FUNCTION 
Reserved 
Memory Map3 
Memory Map 2 
Mem()i)' Map 1 

Memory Map 0 

Memory Map Color Compare Operation. 
o = Disable color compare operation. 
1 = Enable color compare operation. 

7.4.10 Bit Mask Register, Read/Write 
Port = 3CFH, Index = OSH 

BIT I FUNCTION 

Bits (7:0) 

Bit mask operation applies simultaneously to all 
the four maps. In Write Modes 0 and 2, this 
register provides· selective changes to any bit 
stored in the system latches during processor 
writes. Data must be first latched by reading the 
addressed byte. After setting the Bit Mask 
Register, new data is written to the same byte in a 

WD90C30 REGISTERS 

subsequent operation. Bit mask operation is ap
plicable to any data written by the processor. 
o = Bit position value is masked or is not change

able. 
1 = Bit position value is unmasked and can be 

changed in the corresponding map. 

7.5 ATTRIBUTE CONTROLLER REGISTERS 

PORT INDEX NAME 
(HEX) (HEX) 

3CO -- Index ReQister 

3CO ~O-OF Palette ReQisters 
3CO 10 Attribute Mode Control 

Register 
3CO 11 Overscan Control Register 
3CO 12 Color Plane Enable 

Register 
3CO 13 Horizontal PEL Panning 

Register 
3CO 14 Color Select Register 

NOTES: 
1. The Attribute Index Register has an internal 

flip-flop, rather than an input bit, which con
trols the selection of the Address and Data 
Registers. Reading the Input Status Register 
1 (Port = 3?AH) clears the flip-flop and 
selects the Address Register, which is read 
through address 3C1 H and written at address 
3COH. Once the Address Register has been 
loaded with an index, the next write operation 
to 3COH will load the Data Register. The flip
flop toggles between the Address and the 
Data Registers after every write to address 
hex 3COH, but does not toggle for reads to 
address 3C 1 H. 

2. Attribute register data is written at 3COH and 
register data is read from address 3C1 H. 

3. Reserved bits should be set to zero. 
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7.5.1 Attribute Index Register, Read/Write 
Port = 3COH 

BIT 

7:6 

5 

4:0 

Bits (7:6) 

Reserved. 

Bit 5 

FUNCTION 

Reserved 
Palette Address Source 

Attribute Address Bits 

Palette Address Source. 
o = Disable internal color palette outputs and 

video outputs to allow CPU access to color 
palette registers (Index 00 - OFH). 

1 = Enable internal color palette and normal 
video translation. 

Bits (4:0) 

Attribute Controller Index Register Address Bits. 

7.5.2 Palette Registers OO-OFH, Read 
Port = 3C1 H/Write Port = 3COH 

BIT 

7:6 

5 
4 

3 
2 
1 

0 

Bits (7:6) 

Reserved. 

Bits (5:0) 

FUNCTION 

Reserved 
VID5 

VID4 

VID3 
VID2 
VID1 

VIDO 

Palette Pixel Colors. 
They are defined as follows: 
o = Current pixel color deselected. 
1 = Enable corresponding pixel color per the 

table below. 

WD90C30 

Bit 5 VID5 
Bit4 VID4 

Bit3 VID3 
Bit 2 VID2 
Bit 1 VID1 

Bit 0 VIDO 

7.5.3 Attribute Mode Control Register, Read 
Port = 3C1 H/Write Port = 3COH, 
Index = 10H 

BIT FUNCTION 

7 VID5 VID4 Select 

6 PEL Width 

5 PEL Panninq Compatibility 

4 Reserved 

3 Enable Blink/Select Background In-
tensity 

2 Enable Line Graphics Character Code 

1 Mono-Emulation 

0 Graphics/Alphanumeric Mode 

Bit 7 

VID5, VID4 Select. 
0= VID5 and VID4 palette register outputs are 

selected. 
1 = Color Select Register (Index 14H) Bits 1 and 

o are selected for outputs at VID5 and VID4 
pins. 

Bit 6 

Pixel Width. 
o = Disable 256 color mode pixel width. The 

PCLK output is the same as the internal dot 
clock rate. 

1 = Enable pixel width for 256 color mode. The 
PCLK output is the internal dot clock divided 
by two. 
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Bit 5 

PEL Panning Compatibility. 
Line Compare in the CRT Controller. 
o = A Line compare will have no effect on the 

PEL Panning Register. 
1 = Allows a successful line compare to disable 

the PEL Panning Register and also Bits 5 
and 6 of the CRT Controller Register 08 until 
VSYNC occurs. Allows pixel panning of a 
selected portion of the screen. 

Bit 4 

Reserved. 

Bit 3 

Background Intensity/Blink Selection. 
o = Selects background intensity from the MSB of 

the attribute byte. 
1 = Selects blink attribute. 

Bit 2 

Enable Line Graphics Character Code. 
Set this bit to zero for character fonts that do not 
utilize line graphics character codes. 
o = Forces ninth dot to be the same color as 

background in line graphics character codes. 
1 = Used in MDA line graphics modes. The ninth 

dot character is forced to be identical to the 
eighth character dot. 

Bit 1 

Mono/Color Emulation. 
o = Color display attributes. 
1 = MDA attributes 

Bit 0 

Graphics/Alphanumeric Mode Enable. 
o = Alphanumeric mode. 
1 = Graphics mode. 

WD90C30 REGISTERS 

7.5.4 Overscan Color Register, Read Port = 
3C1 H/Write Port = 3COH, Index = 11 H 

BIT FUNCTION 
7 VID7 

6 VID6 

5 VID5 

4 VID4 

3 VID3 

2 VID2 

1 VID1 

0 VIDO 

Bits (7:0) 

Overscan/Border Color. 
They determine the overscan or border color. For 
monochrome display, this register is set to "0". 
Border colors are set as shown above. 

7.5.5 Color Plane Enable Register, Read Port 
= 3C1HIWrite Port = 3COH, Index = 12H 

BIT 

7:6 

5 
4 
3:0 

Bits (7:6) 

Reserved. 

Bits (5:4) 

FUNCTION 

Reserved 

Video Status MUX1 
Video Status MUXO 

Enable Color Plane 

Video Status Control. 
These bits select two out of eight color outputs 
which can be read by the Input Status Register 1 
(Port = 03?AH) Bits 4 and 5. 

COLOR PLANE INPUT STATUS 
REGISTER 

BIT5 BIT4 BIT5 BIT4 
0 0 VID2 VIDO 

0 1 VID5 VID4 

1 0 VID3 VID1 

1 1 VID7 VID6 

17-56 ADVANCE INFORMATION 1117191 



WD90C30 REGISTERS 

Bits (3:0) 

Color Plane Enable. 
o = Disables respective color planes. Forces 

pixel bit to 0 before it addresses palette. 
1 = Enables the respective display memory color 

plane. 

7.5.6 Horizontal Pel Panning Register, Read 
Port = 3C1 HlWrite Port = 3COH, 
Index = 13H 

BIT 

7:4 
3:0 

Bits (7:4) 

Reserved. 

Bits (3:0) 

FUNCTION 

Reserved 
Horizontal PEL PanninQ 

Horizontal Pixel Panning. 
It is available in text or graphics modes. These 
bits select pixel shift to the left horizontally. For 
nine dots/character modes, up to eight pixels can 
be shifted horizontally to the left. Likewise, for 
eight dots/character up to seven pixels can be 
shifted horizontally to the left. For 256 color, up to 
three position pixel shifts can occur. The following 
table defines the shift in different modes. 

LEFT SHIFT PIXEL VALUE 
Register 9 Dots 8 dots 256 
Value Character Character Color 

Mode 
0 1 0 0 
1 2 1 --
2 3 2 1 
3 4 3 --
4 5 4 2 
5 6 5 --
6 7 6 3 
7 8 7 --
8 0 -- --

WD90C30 

7.5.7 Color Select Register, Read 
Port = 3C1 H/Write Port = 3COH, 
Index = 14H 

BIT 

7:4 
3 
2 
1 
0 

Bits (7:4) 

Reserved. 

Bits (3:2) 

Reserved 
S Color 7 
S Color 6 
S Color5 
S Color4 

Color Value MSB. 

FUNCTION 

Two most two significant bits of the eight-digit 
color value for the video DAC. They are normally 
used in a" modes except 256 color graphics. 
Bit 3 = Set color bit VID7. 
Bit 2 = Set color bit VID6 

Bits (1 :0) 

Substituted Color Value Bits. 
These bits can be substituted for VID5 an VID4 
output by the Attribute Controller palette registers, 
to create eight-bit color value. They are selected 
by the Attribute Controller Mode Control Register 
(Index = 10H). 
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7.6 COMPATIBILITY REGISTERS 

NAME PORT (HEX) 

Mode Control Register 3?8 

Color Select Reoister 3D9 

Status Reoister 3?A 

AT&T/M24 Reoister 3DE 

Hercules Reoister 3BF 

Preset Light Pen Latch 3B9 (Mono) 
3DC (CGA) 

Clear Lioht Pen Latch 3?B 

NOTES: 
1. The Compatibility Registers are available only 

in 6845 mode (non-VGA), which is enabled 
by setting PR Register PR2(6) = 1. 

2. The AT&T/M24 Register also requires that 
M24 mode be enabled. This is done by set
ting PR Register PR2(7) = 1. 

3. "?" Value is controlled by Bit 0 of the Miscel
laneous Output Register and is programmed 
as shown below: 
o = B in Monochrome Modes 
1 = D in Color Modes 

7.6.1 Hercules/MDA Mode Control Register, 
MDA Operation Write Only Port = 3B8H 

BIT FUNCTION 
7 Reserved/Display Memory Page 

Select 
6 Reserved 

5 Enable Blink 

4 Reserved 

3 Video Enable 

2 Reserved 

1 Reserved/ Port 3BFH Enable 

0 High Resolution Mode 

WD90C30 REGISTERS 

Bit 7 

Reserved in MDA mode. 
If Bit 1=1 and Port 3BFH Bit 0 = 1, then this bit in 
Hercules Graphics mode selects the Display 
Memory Page. 
o = Display memory page address starts at 

BOOO:OH. 
1 = Display memory page address starts at 

B800:0H. 

Bit 6 
Reserved. 

Bit 5 

Enable Blink. 
o = Disable Blinking 
1 = Enable Blinking 

Bit 4 
Reserved. 

Bit 3 

Video Enable. 
o = Video Disabled 
1 = Video Activated 

Bit 2 

Reserved. 

Bit 1 

Port 3BFH Enabled. 
o = Prevents setting of Port 3BFH Bits 1 :0, there

by forcing the alpha mode operation. 
1 = Allows the Port 3BFH Bits 1 :0 to switch for 

the alpha or graphics mode selection. 

Bit 0 

High Resolution Mode. 
Should be set to "1 ". 
0= High resolution disabled. 
1 = High resolution is enabled. 
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7.6.2 Hercules Registers 

The Hercules Mode Register is a two-bit write 
only register located at I/O port address 3BFH. It 
affects the device operation only in the 6845 
mode. The enable mode register located at the 
address 3B8H overrides the write Port 3BFH func
tions defined by its Bits a and 1. The associated 
details are shown below. 

7.6.3 Enable Mode Register 3B8H 

BIT FUNCTION 

7 Display Memory Page Address 
Graphics Mode 

6 Reserved 
5 Enable Blink 
4 Reserved 
3 Video Enable 
2 Reserved 
1 Port 3BF Bit a Override 
a High Resolution Mode = 1 

Bit 7 

Display Memory Page Address In Graphics Mode. 
a = Display memory page address starts at 

BOOO:OH. 
1 = Display memory page address starts at 

B800:0H. 

Bits (6:2,0) 

Reserved. 

Bit 1 

Port 3BFH Bit a Override. 
a = Prevents setting of Port 3BFH Bit 0, thereby 

forcing the alpha mode operation. 
1 = Allows the Port 3BFH Bit a to switch for the 

alpha or graphics mode selection. 

WD90C30 

7.6.4 Hercules Compatibility Register, Write 
Only Port = 3BFH 

BIT 
7:2 
1 

a 

Bits (7:2) 

Reserved. 

Bit 1 

FUNCTION 
Reserved 
Upper Memory PaQe Address 
Enable Graphics 

Upper Memory Page Address. 
Enable Mode Control Register (3B8H) Bit 7 
selects the displayed memory page address in 
the graphics mode. When it is reset, Bit 1 
prevents access to the second memory page, lo
cated at B800:0H for the 32 Kbyte memory space. 
a = Upper memory page is mapped out. 
1 = Upper memory page is accessible. 

Bit ° 
Enable Graphics. 
Allows the Enable Mode Register (3B8H) Bit 1 to 
override. 
a = Alpha mode display. 
1 = Graphics modes may be displayed. 

7.6.5 Color CGA Operation Register, Write 
Only Port = 308H 

BIT 
7:6 
5 
4 

3 
2 
1 

a 

Bits (7:6) 

Reserved. 

FUNCTION 
Reserved 
Enable Blink 
B/W Gra[)hics Mode 
Enable Video 
B/W/Color Mode Select 
Graphics/Alpha Mode Select 
Alpha Mode 
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Bit 5 

Enable Blink Function. 
0= Disables blinking function. 
1 = For normal operation, set this bit to allow 

blinking. 

Bit 4 

BIW Graphics Mode Enable. 
o = Deselect 640 by 200 B/W graphics mode. 
1 = Enable 640 by 200 B/W graphics mode. 

Bit 3 

Activate Video Signal. 
o = Deactivates video signal. This is done during 

mode changes. 
1 = BIW mode enabled. 

Bit 2 

B/W or Color Display Mode. 
0= Color Mode Selected. 
1 = BIW Mode Selected. 

Bit 1 

Text or Graphics Mode Selection. 
0= Alpha mode enabled. 
1 = Graphics mode (320 by 200) activated. 

Bit 0 

(40 by 25) or (80 by 25) Text Mode Selection. 
o = 40 by 25 alpha mode enabled. 
1 = 80 by 25 alpha mode activated. 

7.6.6 CGA Color Select Register, Write Only 
Port = 3D9H 

BIT FUNCTION 
7:6 Reserved 

5 Graphics Mode Color Set 

4 Alternate Color Set 
3 Border Intensity 

2 Red Border 
1 Green Border 
0 Blue Border 

Bits (7:6) 

Reserved. 

Bit 5 

WD90C30 REGISTERS 

320 by 200 Color Set Select for the CGA (two bits 
per pixel). 
o = Background, green, red, brown colors. 
1 = Background, cyan, magenta, white colors. 

Bit 4 

Alternate Color Set Enable. 
o = Background color in alpha mode. 
1 = Enable alternate color set in graphics mode. 

Bit 3 
Border Intensity. 
Border color select in text modes, and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 

Alphanumeric mode. 
1 = Selects intensified border color. 
320 by 200 Graphics Mode. 
1 = Selects intensified background and border 

color (CO - C1). 
640 by 200 Graphics Mode. 
1 = Selects red foreground color. 

Bit 2 

Red Border/Background 
Border color select in text modes and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 

Alphanumeric Mode. 
1 = Selects red border color. 
320 by 200 Graphics Mode. 
1 = Selects red background and border color 

(CO-C1). 
640 by 200 Graphics Mode. 
1 = Selects red foreground color. 

Bit 1 

Green Border/Background. 
Border color select in text modes, and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 
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Alphanumeric Mode. 
1 = Selects green border color. 
320 by 200 Graphics Mode. 
1 = Selects green background and border color 

(CO-C1). 
640 by 200 Graphics Mode. 
1 = Selects green foreground color. 

Bit 0 

Blue Border/Background. 
Border color select in text modes, and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 

Alphanumeric Mode. 
1 = Selects blue border color. 
320 by 200 Graphics Mode. 
1 = Select blue background and border color (CO -

C1 ). 
640 by 200 Graphics Mode. 
1 = Selects blue foreground color. 

7.6.7 CRT Status Register, MDA Operation, 
Read Only Port = 3BAH 

BIT FUNCTION 
7 VSYNC Inactive 

6:4 Reserved 

3 B/W Video Enabled 

2:1 Reserved 

0 Display Enable Inactive 

Bit 7 

Vertical Retrace. 
o = Indicates the raster is in vertical retrace mode. 
1 = Indicates vertical retrace is inactive (inverted 

VSYNC if I/O is mapped into 3BXH). 

Bits (6:4) 

Reserved. 

Bit 3 

81W Video Status. 
0= BIW Video disabled. 
1 = 81W Video enabled. 

Bits (2:1) 

Reserved. 

Bit 0 

Display Enable. 
o = Display Enable is active. 

WD90C30 

1 = Indicates the screen border or blanking is ac
tive; Display Enable is inactive. 

7.6.8 CRT Status Register, CGA Operation, 
Read Only Port = 3DAH 

BIT 
7:4 

3 

2 

1 
0 

Bits (7:4) 

Reserved. 

Bit 3 

FUNCTION 
Reserved 
VSYNC Active 

Liaht Pen Switch Status 

Liaht Pen Latch Set 
Display Enable Inactive 

Vertical Retrace. 
o = Indicates vertical retrace is inactive. 
1 = Indicates the raster is in vertical retrace mode. 

Bit 2 

Light Pen Switch Status. 
o = Light pen switch closed. 
1 = Light pen switch open 

Bit 1 

Light Pen Latch. 
o = Light pen latch cleared. 
1 = Light pen latch set. 

Bit 0 

Display Enable. 
o = Display Enable is active. 
1 = Indicates the screen border or blanking ac

tive; Display Enable is inactive. 
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7.6.9 AT& T/M24 Register, Write Only 
Port = 3DEH 

This is a write only, eight-bit register located at 
address 3DEH. It is used to control the 640 by 
400 AT&T graphics mode. All bits are set to zero 
by reset. This register is enabled by setting Bit 7 
in PR Register 2 (PR2). 

BIT 

7 
6 

5:4 

3 
2 

1 

0 

Bit 7 

Reserved. 

Bit 6 

FUNCTION 

Reserved 
White/Blue Underline 

Reserved 
Memory Map Display 

Character Set Select 
Reserved 
AT&T Mode Enable 

White/Blue Underline. 
Defines underline attribute according to the MDA 
display requirements. 
o = Underline attribute selects blue foreground in

color text modes. 
1 = Underline attribute selects white underlined 

foreground. 

Bits (5:4) 

Reserved. 

Bit 3 

Page Select. 

WD90C30 REGISTERS 

Selects between one or two 16 Kbyte RAM page 
for display in 200 line graphics mode. 
o = Display memory address starts at B800:0H 

(16 Kbyte length). 
1 = Display memory address starts at BCOO:OH 

(16 Kbyte length). 

Bit 2 

Character Set Select. 
Selects between two character font planes. 
o = Standard character font from plane 2. 
1 = Alternate character font from plane 3. 

Bit 1 

Reserved. 

Bit 0 

M24 or Non-IBM Graphics Mode, 400-line mode. 
A 400-line monitor is required for this mode. 
o = 200-line graphics mode active, using paired 

lines. 
1 = AT&T mode enabled for 400-line graphics. 
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REGISTERS RW MONOCHROME COLOR 

PRO(A) Address Offset A RW 3CF.09 3CF09 
PRO(8) Alternate Address Offset 8 RW 3CFOA 3CF.OA 
PR1 Memory Size RW 3CF08 3CF.08 
PR2 Video Select RW 3CFOC 3CF.OC 
PR3 CRT Control RW 3CF.00 3CF.00 
PR4 Video Control RW 3CF.OE 3CF.OE 
PRS Unlock (PRO-PR4)/Status RW 3CF.OF 3CF.OF 
PR10 Unlock (PR11-PR17) RW 38S.29 30S.29 
PR11 EGA Switches RW 38S.2A 30S.2A 
PR12 Scratch Pad RW 38S.28 30S.28 
PR13 Interlace H/2 Start RW 38S.2C 30S.2C 
PR14 Interlace H/2 End RW 38S.20 30S.20 
PR1S Miscellaneous Control 1 RW 38S.2E 30S.2E 
PR16 Miscellaneous Control 2 RW 38S.2F 30S.2F 
PR17 Miscellaneous Control 3 RW 38S.30 30S.30 
PR18 CRTC Vertical Timing Overflow RW 38S.3E 38S.3E 
PR19 Signature Analyzer Control RW 38S.3F 30S.3F 
Reserved 3XS.31- 3XS.3C RW 38S.31 - 38S.3C 30S.31 - 38S.3C 
PR1 A CRTC Shadow Register Control RW 38S.30 30S.30 
PR20 Unlock Sequencer Extended Registers W 3CS.06 3CS.06 
PR21 Display Configuration and Scratch Pad RW 3CS.07 3CS.07 
PR22 Scratch Pad RW 3CS.8 3CS.8 
PR23 Scratch Pad RW 3CS.9 3CS.9 
PR30 Memory Interface write buffer and FIFO 

Control RW 3CS.10 3CS.10 
PR31 System Interface Control RW 3CS.11 3CS.11 
PR32 Miscellaneous Control 4 RW 3CS.12 3CS.12 
PR33 DRAM Timing and zero Wait State Control RW 3CS.13 3CS.13 

Registers 
PR34 Video Memory Mapping Register RW 3CS.14 3CS.14 
PR3S USRO, USR1 Output Select Register RW 3CS.1S 3CS.1S 

NOTE: 
All of the PR Registers may be read/write protected. 

TABLE 12. PR REGISTERS SUMMARY 

7.7 WD90C30 PR REGISTERS 

The W090C30 has additional features that en
hance the performance and functions of the 
Western Digital Imaging PVGA1A, introduced ear
lier, and the basic VGA subsystem. To accomplish 
this, the W090C30 architecture is optimized with 
additional I/O registers. 

The registers are at the I/O locations unused by 
18M. All registers are read/write, except where 
noted. 

NOTES: 
1. The designation 3?SH means that the register 

is mapped into either 38SH in monochrome 
mode or 30SH in color modes. 

2. PR register notation - XXX.YY where XXX is 
the data port address and YY is the register 
index, e.g., 3CFOF implies OF --+ 3CEH 
(Select Index register) followed by (Data 
byte) --+ 3CFH (Data Port). 
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Registers PRO through PR4 and PR11 through 
PR1A are normally locked. They are write 
protected at power-up by the hardware reset. In 
order to load those registers, the appropriate un
lock register PR5 or PR10 must be loaded first 
with binary XXXXX1 01. A register remains unlock
ed until another value is written to the unlocked 
register. Registers PRO through PR5 are readable 
only if PR4 Bit 1 = o. Registers PR10 through 
PR17 are read protected at power up by hardware 
reset. In order to read registers PR10 through 
PR17 load PR10 with 1 XXXOXXX. The register 
remains readable until any other value is written 
to PR1 o. When registers PR10 through PR17 are 
read protected, reading them would show data to 
be FFH. Setting PR4 Bit 1 to "1" does not read 
protect registers PR10 through PR17. PR21-
PR23 and PR30-PR35 are R/W protected by 
PR20. PR20 must be loaded with 48H to make it 
possible to read or write to PR21-PR23 and 
PR30-PR35. All PR registers are set to "0" at 
power on reset except where noted. 

7.7.1 Address Offset Registers PROA And 
PROB 

PROA " Address Offset Register A, 
ReadlWrite Port = 3CFH, Index = OSH 

PROB " Address Offset Register B, 
Read/Write Port = 3CFH, Index = OAH 

FUNCTION 

Alternate Address Offset Bits 

The WD90C30 can control up to 1 Mbyte of dis
play memory. However, DOS only assigns 128 
Kbytes total memory space for display memory, 
which starts at AOOOOH and ends at BFFFFH. To 
help VGA to reach the memory beyond this range, 
the WD90C30 has two CPU address offset 
registers PROA and PROB which can be used to 
support more than 128 Kbytes of linear display 
memory address space. 

WD90C30 REGISTERS 

The contents of PROA (Bits 6:0) or PROB (Bits 
6:0) are always added to the CPU address 
A(19:12} before they are translated to display 
memory address. This can be thought of as seg
ment register DS and ES in the 8088/80X86 ar
chitecture. PROA and PROB will then provide four 
Kbyte segmentation of the display memory. (In
crement PROA or PROB by one of its equivalents 
to jump from a four Kbyte segment to another four 
Kbyte segment of the display memory.) 

PROA and PROB are all set to zero at power-on
reset. There are two ways to control whether 
PROA or PROB get added into CPU address. 

• Sequencer Extension Register 3C5H, 
Index = 11H, Bit 7 = o. 
When PR1-3 = 0, then PROA is always 
selected as the CPU address offset register. 

When PR1-3 = 1 and if the display memory is 
mapped into AOOO - BFFFF (128 Kbytes), 
PROA offset CPU address range is BOOOO -
BFFFF; the PROB offset CPU address range is 
AOOOO - AFFFF. (If CPU address bit A16 = 1, 
select PROA. Otherwise PROB is selected.) 

When PR1-3 = 1 and if the display memory is 
mapped into AOOOO - AFFFF (64 Kb)'tes) or 
BOOOO - B7FFF or B800 - BFFFF (32 Kbytes), 
then PROB offset CPU address range is AOOOO 
- A7FFF or BOOOO - B7FFF. PROA offset CPU 
address range is A8000 - AFFFF or B8000 -
BFFFF. (If CPU address bit A 15 = 1, select 
PROA. Otherwise PROB is selected.) 

• Sequencer Extension Register 3C5H, 
Index = 11H, Bit 7 = 1. 
Both PROA and PROB are enabled. A CPU 
memory write will select PROB as the offset 
register. Otherwise, PROA is selected as the 
offset register. 
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7.7.2 PR1 - Memory Size, Read/Write 
Port = 3CFH, Index = OBH 

BIT FUNCTION 
7:6 Memory Size Select 

5:4 Memory Mappinq 

3 Enable Alternate Address Offset 
Register PROB 

2 16-Bit System Interface 

1 16-bit BIOS ROM 

0 BIOS ROM Map Out 

This register is eight bits wide. Bits PR1 (1 :0) are 
latched internally at power on reset from the cor
responding memory data bus pins MO(10), MO(O) 
using either pull-up or pull-down external resis
tors. Pull-up resistors on MO(10), MO(O) cause 
PR1 (1 :0) bits to be latched low. 

WD90C30 

Bits (7:6) 

Memory Size. 
These two bits control memory size and memory 
organization. They both must be set to reflect the 
amount of memory installed. These bits in con
junction with PROA, PROB, PR16(1) select the 
way memory is mapped into the CPU address 
space. IF PR16(1) is set to "1", the memory map
ping will be set identical to the IBM VGA, regard
less of PR1 (7), PR1 (6). 

Tables 13 through 16 list the different settings on 
these two bits for different memory organizations. 
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PR1(7) = 0 PR1(6) = 0 256K TOTAL; IBM VGA MEMORY ORGANIZATION 

VIDEO RAM BYTE WORD DBLWORD 
ADDRBIT CPU CRT CPU CRT CPU CRT 
MA(17) PA PA PA PA PA PA 

MA(16) 0 0 0 0 0 0 
MA(15) A(15) CA(15) A(15) CA(14) A(15) CA(13) 

MA(14 A(14) CA(14) A(14) CA(13) A(14) CA(12) 

--- --- --- --- --- --- ---
--- --- --- --- --- --- ---
MA(2) A(2) CA(2) A(2) CA(1) A(2) CA(O) 

MA(1) A(1) CA(1) A(1) CA(O) A(15) CA(13) 

MA(O) A(O) CA(O) A(14) 
or(3) 

CA~15) 
or(4 

A(14) CA(12) 

XRN(5) CA(14) 

TABLE 13. IBM COMPATIBLE MEMORY ORGANIZATION 

PRl (7) = 0 PRl (6) = 1 256K TOTAL; 64K1PLANE; WD90C30 MEMORY ORGANIZATION 

VIDEO RAM BYTE WORD DBLWORD 
AD DR BIT CPU CRT CPU CRT CPU CRT 
MA(17) PA PA PA PA PA PA 

MA(16) 0 0 0 0 0 0 
MA(15) A(15) CA(15) AL1~ CA114)_ A115) CA(13) 

MA(14) A(14) CA(14) A(14) CA(13) A(14) CA(12) 
---- -- ... - ---- ---.. ---- ---- ----

---- ---- ---- ---- ---- ---- ----

MA(2) A(2) CA(2) A(2) CA(1) A(2) CAlO) 

MA(1) A(1) CA(1) A(1) CA(O) A(17) CA(15) 

MA(O) A(O) CA(O) A(16) 
or(3) 

CA(15) A(16) CA(14) 

XRN(5) 

TABLE 14. WD90C30 MEMORY ORGANIZATION - 256 KBYTES 
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PR1(7) = 1, PR1(6) = 0 512K TOTAL;128K1PLANE; WD90C30 MEMORY ORGANIZATION • VIDEO RAM BYTE WORD DBLWORD 
ADDRBIT CPU CRT CPU CRT CPU CRT 
MA(17) PA PA PA PA PA PA 

MA(16) A(16) CA(16) A(17) CA(16) A(18) CA(1~ 

MA(15) A(15) CA(1S) A(1S) CA(14) A(1S) CA(13) 

MA(14) A(14) CA(14) A(14) CA(13) AJ14t CA(12) 

--- --- --- --- --- --- ---

--- --- --- --- --- --- ---

MA(2) A(2) CA(2) A(2) CA(1) A(2) CA(O) 

MA(1) A(1 ) CA(1) A(1 ) CArOl A(17) CA(1S) 

MA(O) A(O) CA(O) A(16) 
or(3) 

CA(1S) A(16) CA(14) 

XRN (S) 

TABLE 15. WD90C30 MEMORY ORGANIZATION - 512 KBYTES 

PR1 (7), PR1 (6) = 1 1M TOTAL; 256K PLANE; WD90C30 MEMORY ORGANIZATION 

VIDEO RAM BYTE WORD DBLWORD 
ADDR BIT CPU CRT CPU CRT CPU CRT 

MA(17) A(17) CA(17) A(17) CA(16) A(17) CA(1S) 

MA(16) A(16) CA(16) A(16) CA(1S) A(16) CA(141 

MA(1S) A(1S) CA(1S) A(1S) CA(14) A(1St CA(13) 

MA(14) AL14} CAL14} A(14) CA(13} A(14) CA(12) 

MA(13) A(13) CA(13) A(13) CA(12) A(13) CA(11 ) 

---- ---- ---- ---- ---- ---- ----

---- ---- ---- ---- ---- ---- ----

MA(2) A(2) CA(2) A(2) CA(1) A(2) CA(O) 

MA(1) A(1 ) CA(1) A(1 ) CA(O) A(19) CA(17t 

MA(O) A(O) CA(O) A(16) 
or(3) 

CA(1S) A(18) CA(16) 

XRN (5) 

TABLE 16. WD90C30 MEMORY ORGANIZATION - 1 MBYTE 
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NOTES: 
1. A(19:0) are WD90C30 internally modified system Addresses (CPU address + offset address). 
2. CA(17:0) are CRT Controller Character Address Counter Bits. 
3. XRN(5) is Miscellaneous Output Register 3C2H, inverted Bit 5. XRN(5) can be used to replace CPU 

address bits in order to select memory pages in word mode. In IBM compatible memory mapping, 
3C5.4, Bit 1 = 1 will select XRN(5) to replace CPU address bits. In other memory mapping schemes 
(PR1 (7,6) *- 00, 3C5.4H, Bit 1 = 1 and PR16_2 = 1 will select XRN(5) to replace address bits. 

4. CA(15) is selected as MA(O) if CRTC Mode Register 17, Bit 5 = 1 in word addressing modes. 
5. PA is the memory plane select bit when DRAM interface is set for 16 bits. 

PA = 0 selects Plane 1 ,0 
PA = 1 selects Plane 2,3 

6. MA 17-0 are divided into RAS, CAS addresses as follows: 

For 2256K by 4 DRAM or MA(16) - MA (8) ~ RAS(8) - RAS(O) 
256K by 16 DRAM MA(17j, M(71- MA(O) ~ CAS(8) - CAS(O) 

For 64K by 16 DRAM MA(15) - MA(8) ~ RAS(7) - RAS(O) 
MA(7) - MA(O) ~ CAS(7) - CAStO) 

MA(17,16) = 00 Select 1st 64K bank 
01 Select 2nd 64K bank 
10 Select 3rd 64K bank 
11 Select 4th 64K bank 

Bits (5:4) Bit 2 

PRI(5,4 Memor Map Select. 

0 0 IBM VGA mapping. CPU ad-
dresses are decoded from 
OAOOOOH - OBFFFFH from the 
lowest 1 Mbyte CPU address 
space (depending on 
3CF.06H bits 2 and 3). 

0 1 First 256 Kbyte in any 1 
Mbyte CPU addressing space 
(XOOOOOH - X3FFFFH) 

1 0 First 512 Kbyte in any 1 
Mbyte CPU addressing space 
(XOOOOOH - X7FFFFH) 

1 1 In any 1 Mbyte CPU address 
space (XOOOOOH - XFFFFFH) 

·PR34(3C5.14H) Bits 3-0 control to which 1 Mbyte 
of CPU address space the WD90C30 is mapped. 

Bit 3 

Enable Alternate Address Offset Register PROB. 

Enable 16 bit system interface bus. 
When set to "1", MEMCS16 will be active low for 
all of the video memory cycles. 

Bit 1 

16-bit BIOS ROM. 
When set to "1", the BIOS ROM has a 16 bit data 
path (ROM16 will respond to ROM access). 
Otherwise, the BIOS ROM has an eight-bit data 
path. 

A pull-down resistor on MD(10) will set this bit to 
"1" after power-on reset. This bit can also be set 
to "1" by an 1/0 write cycle only if the CNF(1) = 1. 

Bit 0 

BIOS ROM Map Out. 
If set to "1 ", the BIOS ROM is mapped out. A 
pull-down resistor on MD(O) sets this bit to "1" at 
power-on-reset. 
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7.7.3 PR2-Video Select Register, Read/Write 
Port = 3CFH, Index = OCH 

BIT FUNCTION 
7 AT& T/M24 Mode Enable 
6 6845 Compatibility 

5 Character Map Select 
4:3 Character Clock Period Control 
2 Underline/Character Map 
1 Third Clock Select Line VCLK2 
0 Force VCLK (overrides SEQ1 bit 3) 

Bit 7 

Enable AT&T/M24 Register and Mode. 

Bit 6 

6845 Compatibility. 
0: VGA or EGA mode 
1: Non-VGA (6845) mode 

Bit 5 

Character Map Select. 
The following functions are overridden by setting 
PR15(2). This bit in conjunction with PR2(2) and 
Bit 3 of the attribute code, enables character 
maps from Planes 2 or 3 to be selected per the 
table below: 

PR2(5) PR2(2) ATT(4) PLANE 
SELECT 

0 0 X 2 
0 1 X 2 
1 0 X 3 
1 1 0 2 
1 1 1 3 

NOTE: 
Setting PR15(2) = 1, i.e., selecting page mode 
addressing overrides plane selected table shown 
above. 

WD90C30 

Bits (4:3) 

Character clock period control. 

0 0 IBM VGA character clock 
(8 or 9 dots) 

0 1 7 dots (used for 132-character text 
mode only) 

1 0 9 dots 
1 1 6 dots if PR17(5) = 0; 10 dots if 

PR17(5) = 1. 

NOTE: 
The character clock period control functions have 
no effect in graphics modes (Graphics Mode al
ways uses eight dots). 

Bit 2 

Underline and character map select. 
Setting this bit to "1" enables underline for all odd 
values of attribute codes, e.g., programming "1" 
gives blue underline. It overrides the background 
color function of the attribute code Bit 3, which is 
forced to "0". Therefore, only eight choices of 
background colors are selectable. This function 
allows trading background colors for more charac
ter maps. In conjunction with PR2(5), this bit is 
also decoded to enable character maps from 
planes 2 or 3. See PR2(5) for details. 

Bit 1 

Third Clock Select Line. 
This bit is the third clock select line VCLK2 which 
is sent to the external clock chip if CNF(3) is set to 
"1 ". When CNF(3) is set to "0", it locks the inter
nal video clock select multiplexer. 

Bit 0 

Forces horizontal sync timing clock of the CRTC 
to VCLK. 
Uses VCLK when Sequencer Register 1, Bit 3, is 
set for VCLKl2. This is for compatibility modes 
that require locking the CRTC timing parameters. 
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7.7.4 PR3 - CRT Lock Control Register, 
Read/Write Port = 3CFH, Index = OOH 

BIT FUNCTION 
7 Lock VSYNC Polaritv 
6 Lock HSYNC Polarity 

S Lock Horizontal TiminQ 
4 Bit 9 Control 

3 Bit 8 Control 
2 CRT Control 
1 Lock Prevention 

0 Lock Vertical Timing 

Bit 7 

Lock VSYNC polarity as programmed at 3C2H Bit 
7. 

Bit 6 

Lock HSYNC polarity as programmed at 3C2H Bit 
6. 

Bit 5 

Lock Horizontal Timing. 
Locks CRTC registers of Group 0 and 4. Prevents 
attempts by applications software to unlock Group 
o registers by setting 3?S.11 H Bit 7 = O. 

Bit 4 

Bit 9 Control. 
Bit 9 of CRT Controller Start Memory Adress High 
Register 3?S.OCH and Bit 9 of Cursor Location 
High 3?S.OEH. This bit corresponds to Character 
Address CA(17). 

Bit 3 

Bit 8 Control. 
Bit 8 of CRT Controller Start Memory Address 
High Register 3?S.OCH and Bit 8 of Cursor Loca
tion High 3?S.OEH. This bit corresponds to Char
acter Address CA(16). 

Bit 2 

Cursor Control. 
Cursor Start, Stop, Preset Row Scan, and Maxi
mum Scan Line Address registers values mUlti
plied by two. 
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Bit 1 

Lock Prevention. 
Bit 1 = 1 prevents attempts by applications 
software to lock registers of Group 1 by setting 
3?S.11H, Bit 7 = 1. 

Bit 0 

Lock vertical timing. 
Bit 0 = 1 locks CRTC registers of Groups 2 and 3. 
Overrides attempts by applications software to un
lock Group 2 registers by setting 3?S.11 H, Bit 7 = 
O. 

7.7.5 W090C30 CRT Controller Register 
Locking 

Register locking is controlled by four bits. They 
are PR3 (S,l,O) and 3?S.11 H(7) (i.e. IBM Vertical 
Retrace End Register Bit 7 controlled by Index 
register 11). When 3?S.11H Bit 7 is "1", CRT con
troller registers (RO-7) are write-protected per 
VGA definition. For more information on the five 
groups and their locking schemes, refer to the 
following sections. 

All Port and Index addresses are in hex. 

• Group 0 
These registers are locked if PR3(S)= 1 OR 
3?S.11(7) = 1. 

3?S Index 00 - Horizontal Total Characters per 
scan 

3?S Index 01 - Horizontal Display Enable End 

3?S Index 02 - Start Horizontal Blanking 

3?S Index 03 - End Horizontal Blanking 

3?S Index 04 - Start Horizontal Retrace 

3?S Index OS - End Horizontal Retrace 

• Group 1 
These registers are locked if PR3(1) = 0 AND 
3?S.11(7) = 1. 

3?S Index 07 (Bit 6) - Vertical Display Enable 
End Bit 9 
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3?5 Index 07 (Bit 1) - Vertical Display Enable 
End Bit 8 

3?5 Index OE (Bit 1) - Vertical Display Enable 
End Bit 10 

• Group 2 
These registers are locked if PR3(0) = 1 OR 
3 ?5.11 (7) = 1. 

3?5 Index 06 - Vertical Total 

3?5 Index 07 (Bit 7) - Vertical Retrace Start Bit 9 

3?5 Index 07 (Bit 5) - Vertical Total Bit 9 

3?5 Index 07 (Bit 3) - Start Vertical Blank Bit 8 

3?5 Index 07 (Bit 2) - Vertical Retrace Start Bit 8 

3?5 Index 07 (Bit 0) - Vertical Total Bit 8 

3?5 Index 09 (Bit 5) - Start Vertical Blank Bit 9 

3?5 Index 3E (Bit 0) - Vertical Total Bit 10 

3?5 Index 3E (Bit 2) - Vertical Retrace Start Bit 
10 

3?5 Index 3E (Bit 3) - Start Vertical Blank Bit 
10 

• Group 3 
These registers are locked if PR3(0) = 1. 

3?5 Index 10 - Vertical Retrace Start 

3?5 Index 11 [Bits(3:0)] - Vertical Retrace End 

3?5 Index 15 - Start Vertical Blanking 

3?5 Index 16 - End Vertical Blanking 

• Group 4 
This register is locked if PR3(5) = 1. 

CRTC mode control register 17(Bit 2) - Selects 
divide-by-two vertical timing. 
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7.7.6 PR4 - Video Control Register, 
Read/Write Port = 3CFH, Index = OEH 

The video monitor output control register (PR4) 
can be programmed to tristate the CRT display 
control outputs as well as video data for the RAM
DAC, and memory control outputs . 

BIT FUNCTION 
7 BLANK / Display Enable 
6 PCLK=VCLK 

5 Tristate Video Outputs 
4 Tristate Memory Control Outputs 

3 Override CGA Enable Video Bit 

2 Lock Internal Palette and Overscan 
ReQisters 

1 EGA Compatibility 

0 Extended 256-color Shift Register 
Control 

Bit 7 

BLANK / Display Enable. 
This bit controls the output signal BLANK. Nor
mally in the VGA mode, BLANK is used by the 
external video DAC to generate blanking. If this 
Bit = 1, the BLANK output supplies a display 
enable signal. A choice of two types of display 
enable timings can be selected, and is deter
mined by PR15(1). 

Bit 6 

Select PCLK equal to VCLK. 
o = PCLK is the inverted internal video dot clock, 

or half the dot clock frequency, depending 
upon the video mode. 

1 = PCLK is always the non-inverted VCLK input 
clock . 

Bit 5 
Tristate outputs VID(7:0), HSYNC, VSYNC, and 
BLANK. 

Bit 4 

Tri-state memory control outputs. 
The memory address bus MA(8:0), and all ten 
DRAM control signals are tri-stated when this bit 
is set to "1 ". 
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Bit 3 

Override CGA Enable Video Bit. 
Overrides the CGA "enable video" Bit 3 of mode 
register 3DSH, only in SO by 2S alpha CGA (Non
VGA) mode. Override effectively forces this bit to 
"1 ". Power-on-reset causes no override. 

Bit 2 

Set to 1 to lock Internal palette and overscan 
registers. 

Bit 1 

EGA compatibility bit where 1 = EGA Compatible 
Mode. 
It disables reads to all registers which are write
only registers in the IBM EGA. Also, registers at 
3COH/3Cl H change to write-only mode if the 
EGA compatibility bit is set. Setting this bit to "1" 
also disables reading PRO through PRS. In VGA 
mode [PR(4) Bit 1 is zero] 3CO register is 
read/write while 3Cl H register is read only, per 
the Attribute Controller Register's definitions. 

Bit 0 

Extended Shift Register Control. 
This bit should be set to "1" to select for extended 
2S6-color modes (IBM Mode 13 is not included). 

7.7.7 PR5 - General Purpose Status Bits, 
Read/Write Port = 3CFH, Index = OFH 

BIT FUNCTION 
7 Read CNF(7) Status 
6 Read CNF(6} Status 

S Read CNF(S) Status 
4 Read CNF(4) Status 
3 Read CNF(S) Status 
2 PRO-PR4 Unlock 
1 PRO-PR4 Unlock 
0 PRO-PR4 Unlock 

Bits (2:0) are read/write bits and cleared to zero 
by reset. They provide lock or unlock capability for 
PR registers PRO through PR4. The PRO through 
PR4 registers are unlocked when "XSH" is written 
to PRS. They remain unlocked until any other 
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value is written to PRS. This register also provides 
readable status for the configuration register Bits 
4 through S. Setting PR(4) Bit 1 to "1", read 
protects registers PRO through PRS. 

Bit 7 CNF(7) [READ ONLY] 
Bit 6 CNF(6) [READ ONLY] 
Bit S CNF(S) [READ ONLY] 
Bit 4 CNF(4) [READ ONLY] 
Bit 3 CNF(S) [READ ONLY] 

Bits (2:0) 

READIWRITE bits and cleared to zero by reset. 
They control writing to PR registers PRO through 
PR4 as follows: 

210 
OXX 
X1X 
XXO 
1 01 

PRO-PR4 
Write protected 
Write protected 
Write protected 
Write enabled 

7.7.8 PR10 Unlock PR11-PR1A Read/Write 
Port = 3?5H, Index = 29H 

This register is read/write and cleared to zero by 
reset. PR10 can be loaded if it contains 
XXXXXl 01, and can only be read if it has 
1 XXXOXXX. Bits (7,3), Bits (6:4), and Bits (2:0) 
control access to PR registers PR10-PR1A. Bits 7 
and 3 enable register read operation for PR10 -
PR1A. Bits (6:4) may be used as scratch pad. 
Bits (2:0) enable register write operation for PRll 
through PR1A. 

BIT FUNCTION 
7 PR10-PR1A- Read Enable Bit 1 

6:4 PR10_(6:41- Scratch Pad 
3 PRl O-PRl A - Read Enable Bit 0 
2:0 PRll-PRl A - Write Enable 

BIT7 BIT3 PR10-PR17 
0 X Read protected, read back 

data FFH 
X 1 Read protected, read back 

data FFH 

1 0 Read Enabled 
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BIT2 BIT1 BITO PR11-PR17 
0 X X Write protected 
X 1 X Write protected 
X X 0 Write protected 
1 0 1 Write enabled 

BIT6 BIT5 BIT4 PR10(6:4) 

0 X X Scratch pad 
X 1 X Scratch pad 

X X 0 Scratch pad 

1 0 1 Reserved for 
manufacturing test. 

7.7.9 PR11 EGA Switches, ReadlWrite 
Port = 3?5H, Index = 2AH 

The EGA switch configuration details are stored in 
the PR11 register bits. 

BIT FUNCTION 
7 EGASW4/General Purpose 

6 EGASW3/General Purpose 
5 EGASW2IGeneral Purpose 
4 EGASW1/General Purpose 
3 EGA Emulation on AnaloQ Display 
2 Lock Clock Select 
1 Lock Graphics and Sequencer 

Screen Control 

0 Lock 8/9 Character Clock 

Bits (7:4) 

EGA Configuration Switches SW4-SW1. 
These read/write bits from corresponding memory 
data bus pins MD(15:12) are latched internally at 
power-on-reset with either pull-up or pull-down ex
ternal resistors. Pulling-up MD(15:12) causes 
PR11(7:4) to be latched high. These bits can be 
read as Bit 4 of Port 3C2H if the EGA compatibility 
bit [PR4(1)] has been set to "1". Selection of the 
bit to be read is determined by Bits 3 and 2 of the 
Miscellaneous Output Register 3C2H, as follows. 
These bits can be used as General Purpose 
scratch bits. 
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WRITE READ 

3C2 bit 3 3C2 bit 2 3C2 bit 4 
0 0 PR11J7t[=EGA SW41 
0 1 PR11 (6) f=EGA SW31 
1 0 PR11 (5) f=EGA SW21 
1 1 PR11(4) f=EGASW11 

PR11 Bits 3 through 0 are read/write and cleared 
to zero at power-on-reset. 

Bit 3 

Select EGA Emulation on a PS/2 (VGA-com
patible, analog) display. 

Bit 2 

Lock Clock Select. 
This bit locks the internal video clock select mUlti
plexer and disables loading of an external clock 
chip through VCLK1. 

Bit 1 

Lock Graphics Controller/Sequencer Screen Con
trol. 
Setting PR11 (1) to "1" prevents modification of the 
following bits in the Graphics Controller as well as 
the Sequencer: 

Graphics Controller 
Sequencer 
Sequencer 

3CF.05H bits (6:5) 
3C5.01 H bits (5:2) 
3C5.03H bits (5:0) 

Although the internal functions selected by the 
graphics controller and sequencer bits are locked 
by setting PR11 Bit 1 to "1 ", they appear unlocked 
to the system processor during read operation. 

Bit 0 

Lock 8/9 Dots. 
Setting this bit to "1" prevents modification of the 
Clocking Mode Sequencer Register 3C5.01 H, Bit 
O. Although eight or nine character timing is lock
ed by setting PR11 Bit 0 to "1", the 3C5.01H Bit 0 
appears unlocked to the system processor during 
read operations. 
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7.7.10 PR12 Scratch Pad, Read/Write 
Port = 3?5H, Index = 2BH 

FUNCTION 

Scratch Pad Bits 7:0 

The data in this register is unaffected by hardware 
reset and undefined at power-up. 

7.7.11 PR13 Interlace H/2 Start, Read/Write 
Port = 3?5H, Index = 2CH 

FUNCTION 

Interlaced H/2 Start 

The data in this register is unaffected by hardware 
reset and undefined at power-up. This register 
defines the starting horizontal character count at 
which vertical timing is clocked on alternate fields in 
interlaced operation. Interlaced operation is enabled 
by setting PR14(5) to "1". All other standard non-in
terlaced modes are unaffected by the contents of this 
register. This register must be programmed with a 
value derived from the values chosen to be 
programmed into the Horizontal Retrace Start 
Register (3?5.04H) and Horizontal Total Register 
(3?5.00H): 

PR13(7:0) = [HORIZONTAL RETRACE START] -
[(HORIZONTAL TOTAL + 5)/2] + HRD 

NOTE: 
In the above expression, HRD = Horizontal Retrace 
Delay, determined by Bits 6 and 5 of the Horizontal 
Retrace End Register (3?5.05H). 

7.7.12 PR14 Interlace H/2 End, Read/Write 
Port = 3?5H, Index = 2DH 

Bits 4 through 0 are unaffected by hardware reset 
and undefined at power up. Bits 7 through 5 are 
cleared to "0" by reset. 
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BIT FUNCTION 

7 Enable IRQ 

6 Vertical Double Scan for EGA 
on PS/2 Display 

5 Enable Interlaced Mode 

4:0 Interlaced H/2 End 

Bit 7 

Enable IRQ. 
This bit may be set to enable CRT interrupts to be 
generated when configured for AT BUS operation, 
aI/owing EGA compatibility support for interrupt
driven EGA applications. For VGA operation with 
an AT BUS, interrupts are not used, and this bit 
should be set to "0". This bit should not be set to 
"1" in MICRO CHANNEL operation. 

Bit 6 

Vertical Double Scan. 
This bit should be set to "1" when emulating EGA on 
PS/2 display. Setting this bit to "1" causes the 
CRTC's Vertical Displayed Line Counter and Row 
Scan Counter to be clocked by divide-by-two 
horizontal timing, if vertical sync polarity (3C2H Bit 
7=0) is programmed to be positive. Therefore, the 
relationship between the actual number of lines dis
played [N] and the data [n] programmed into the 
Vertical Display Enable End register is: N=2(n+ 1). 

Likewise, the relationship between the actual 
number of scan lines per character row [N] and 
the data [n] programmed in the maximum Scan 
Line register holds true. 

Bit 5 
Interlaced Mode. 
Setting this bit to "1" selects interlaced mode. The 
interlaced mode can be used in those video modes 
in which the data programmed into the Maximum 
Scan Line Address register [3?5.09H] = OXXOOOOO. 
Line compare and double scan are not supported. 

Bits (4:0) 

Interlaced H/2 End Bits (4:0). 
Add the contents of the Interlaced H/2 Start 
Register PR(13) to the horizontal sync width 
(same as defined by 3X5.04,05). Program 5 LSB 
of the sum into these bit locations. 
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7.7.13 PR15 Miscellaneous Control 1, 
Read/Write Port = 3?5H, Index = 2EH 

BIT FUNCTION 

7 Read 46E8 Enable 
6 High VCLK 

5 VCLK1 VCLK2 Latched Outputs 
4 VCLK= MCLK 
3 8514/A Interlaced Compatibility 
2 Enable Page Mode 
1 Select Display Enable 
0 Disable Border 

Bit 7 

Enable Reading Port 46E8H. 
This bit is functional only if AT BUS architecture 
[CNF(2)=1] is selected. Setting this bit to "1" 
enables I/O Port 46E8H to be read, regardless of 
the state of its own Bits 3 and 4 and of Port 102H, 
Bit 0 (sleep bit). Only Bits (4:0) of Port 46E8H are 
readable; Bits (7:5) are "0". 

Bit 6 

High VCLK. 
Setting this bit to "1" adjusts the memory timing to 
allow use of a video clock (VCLK) frequency 
which is much higher than the memory clock 
(MCLK) frequency. This bit should be set to "1" if: 
(MCLK in MHz / VCLK in MHz) equal to 1.5. This 
bit also should be set to "1" in all extended 256-
color modes. 

Bit 5 

Latched VCLK1 and VCLK2. 
This bit is used only if CNF(3) = 1 which con
figures the VCLK1 and VCLK2 pins as outputs. 
Setting This bit to "1" causes outputs VCLK1 and 
VCLK2 to equal Bits 2 and 3 of I/O write register 
(Miscellaneous Output Register) at 3C2H, respec
tively. 

Bit 4 

Select MCLK as Video Clock. 
Setting this bit to "1" causes the MCLK input to be 
selected for the source of all video timing. The 
other three VCLK inputs can not be selected 
when this bit is set. 
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Bit 3 

Interlaced Compatibility. 
This bit should be used only if interlaced mode is 
selected (see PR14). This bit should be set to "1" 
if exact timing emulation of the IBM 8514/A's inter
laced video timing is required. Setting this bit to 
"1" causes vertical sync to be generated from the 
trailing edge of non-skewed horizontal sync, in
stead of leading edge, as generated for VGA 
timing. Setting this bit to "1" also removes two 
VCLK delays from the default VGA video dot path 
delay chain. 

Bit 2 

Select Page Mode Addressing. 
Setting this bit to "1" forces screen refresh 
memory read cycles to use page mode address
ing in alpha modes. Page mode addressing is 
automatically used in the graphics modes. Page 
mode addressing requires less time than RAS
CAS addressing; therefore, selecting page mode 
addressing increases the bandwidth for the CPU 
to access video memory by 30-40%. Set this bit to 
"1" if 132 character mode timing is selected (see 
description of PR2). Setting this bit to "1" in any 
alpha mode overrides the character map select 
functions of PR2(2) and PR2(5). When this bit is 
set to "1 ", it redefines the Character Map Select 
Register (3C5.03H). One of eight 8K memory seg
ments containing a pair of maps in Plane 2 or 
Plane 3 is addressed by Bits (2:0) of this register 
while the map selection is determined by the Bits 
(4:3). A pair of adjacent 8K character maps in 
Planes 2 and 3, (adjacent in the sense that they 
have the same addressing) may be selected by 
Bit 3 of the attribute code. 
The character attribute, Bit 3, in conjunction with 
Bits 3 and 4 of the Character Map Select Register 
(3C5.03H), determine a character map from either 
Plane 2 or Plane 3 as shown by the table below. 

3C5.03 3C5.03 ATT PLANE 
BIT4 BIT3 BIT3 SELECT 
0 0 X 2 
1 1 X 3 
1 0 0 2 

1 0 1 3 

0 1 0 3 
0 1 1 2 
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NOTE: 
The above Character Map Select functions over
ride the functions of PR2(S) and PR2(2). 

This bit must be set to "1" before loading the char
acter maps into the video DRAM, because the 
addressing of the page mode character maps dif
fers from the addressing of the default, non-page 
mode. However, setting this bit to "1" internally 
redirects all necessary addressing to make load
ing the character maps the same, whether in page 
mode or non-page mode. 

Bit 1 

Display Enable Timing Select. 
This bit is used to select between two types of 
display enable timings available at output pin 
BLANK if PR4(7)=1. If PR4(7)=0, this bit has no 
effect. 

o = BLANK supplies Pre-Display Enable. Pre-Dis
play Enable timing precedes active video by 
one dot clock. 

1 = BLANK supplies Display Enable. The display 
enable timing coincides with active video 
timing. 

Bit 0 

Disable Border. 
Setting this bit to "1" forces the video outputs to 
"0" during the interval when border (overscan) 
color would be active. 

7.7.14 PR16 Miscellaneous Control 2, 
ReadlWrite Port = 3?5H, Index = 2FH 

BIT FUNCTION 

7 External Reaister 46E8H Lock 
6 CRTC Address Count Width Bit 1 
S CRTC Address Count Width Bit 0 
4 CRTC Address Counter Offset Bit 1 
3 CRTC Address Counter Offset Bit 0 
2 Enable Odd/Even Paae Bit 
1 VGA Mapping Enable 
0 Lock RAMDAC Write Strobe 
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Bit 7 

Lock External 46E8H Register. 
Setting this bit to "1" causes ;:'EB"'R=O""M'" output to be 
forced high (Inactive) during I/O writes to port 
46E8H. 

Bits (6:S) 

CRTC Address Counter Width. 
Power on reset clears these bits to. "0". These two 
bits determine the modulus of the CRT controller's 
address counter, allowing its count width to be 
limited to 64K or 128K locations (Byte, Word, 
Double word). These bits may be used in virtual 
VGA applications containing S12KB or 1024KB of 
video memory in which CRT control/er is limited to 
only 64K or 128K locations. Bit PR16(6) should 
be set "1" to ensure VGA and EGA compatible 
operation of the address counter, limited to 64K 
locations. The following table shows details: 

PR16(6) PR16(S) COUNT WIDTH 
0 0 2S6KB 
0 1 128K 
1 X 64K 

Bits (4:3) 

CRTC Address Counter Offset. 
Bits 4 and 3 are summed with the CRT Control
ler's Address Counter Bits CA(17) and CA(16), 
respectively, and the two-bit result defines the 
starting location of the displayed video buffer at 
one of the four 64K boundaries. 

Bit 2 

Enable Page Bit for Odd/Even. 
This bit affects addressing of memory by the sys
tem processor, if chain 2 (Odd/Even) has been 
selected by setting 3CF.06H(1) to "1", setting 
3CS.04H(1) to "1", selecting extended memory, 
and setting 3CS.04H(3) to "0" to deselect chain 4 
addressing. It enables the "Page Bit for 
Odd/Even" [3C2H(S)] to select between two 
pages of memory, by controlling video RAM ad
dress "0", regardless of the Memory Size Bits 
PR1 (7:6). 
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Bit 1 

VGA Memory Mapping. 
Setting this bit to "1", selects 256 Kbyte IBM VGA 
Mapping, regardless of the Memory Size Bits 
PRl (7:6). 

Bit 0 

Lock RAMDAC Write Strobe (3C6H - 3C9H). 
a = Normal operation. 
1 = Output WPLT to be forced to "1 ", disabling 

I/O writes to the video DAC registers. The 
DAC state register, located inside the 
WD90C30, is also protected from the 
modification, but may still be read at the Port 
3C7H. 

7.7.15 PR17 Miscellaneous Control 3, 
Read/Write Port = 3?5H, Index = 30H 

BIT 

7:6 

5 

4 

3 
2 

1 

a 

Bits (7:6) 

Reserved. 

Bit 5: 

FUNCTION 

Reserved 
Character Clock Period Select 
PCLK = VCLK/2 

Map out 4K of BIOS ROM 

Enable 64K BIOS ROM 
Hercules Compatibility 

Map out 2K of BIOS ROM 

Character Clock Period Select. 
When PR2 (3CF.OCH), Bits 4:3 = "11 ", then set
ting this bit to "0" selects the six-dot font. Setting 
this bit to "1" selects the ten-dot font. Otherwise, 
this bit has no effect. 
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Bit 4 
PCLK = VCLK/2. 
Setting this bit to "1" forces PCLK = VCLK/2. This 
control is useful for interface with high color RAM
DAC as follows: 

16 bits 01 color information per pixel 

I 
VID [7:0J 

PCU< 

Bit 3 

Map Out 4K of BIOS ROM. 
Setting this bit to "1" disables access of the BIOS 
ROM in the system address range C600:0H 
through C6FF:FH. Power on reset sets this bit to 
"0", 

Bit 2 

Enable 64K BIOS ROM. 
Setting this bit to "1" enables access of the BIOS 
ROM in the system address range COOO:OH 
through CFFF:FH. Power on reset sets this bit to 
"Oil. 

Bit 1 

Hercules Compatibility. 
Setting this bit to a "1" locks Hercules com
patibility register (I/O Port 3BFH). Power on reset 
sets this bit to "0". 

Bit a 
Map Out 2K of BIOS ROM. 
Setting this bit to "1" disables access of the BIOS 
ROM in the system address range C600:0H 
through C67F:FH. Power-on-reset sets this bit to 
"0". 
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7.7.16 PR18 CRTC Vertical Timing Overflow, 
Read/Write Port = 3?5H, Index = 3EH 

These bits combined with other vertical timing 
overflow bits in CRTC constitutes an 11-bit verti
cal timing control. These bits are set to zero at 
power-on-reset. 

BIT FUNCTION 

7:5 Reserved 
4 Line compare Bit 10 

++3 Start vertical blank Bit 10 

++2 Start vertical retrace Bit 10 
**1 Vertical display enable end Bit 10 

++0 Vertical total Bit 10 
Note: 
++ The bit is locked if PR3(0) = 1 OR the 3?5H 
Index 11H Bit 7 = 1 
** The bit is locked if PR3(1) = a AND the 3?5H 
Index 11 H Bit 7 = 1 

7.7.17 PR19 Video Signature Analyzer Control 
Read/Write Port = 3?5H, Index = 3FH 

BIT 

7:4 

3 
2 
1 
a 

Bits (7:4) 

Reserved 

Bit 3 

FUNCTION 

Reserved 
SiQnature read enable 
Enable video input 
Preload control 
Enable/Status bits 

Signature Read Enable. 
Set this bit to "1" in order to read signature 
analyzer results from 3?5H, Index 20H and 21 H. 

Bit 2 

Enable Video Input. 
This bit is used for self-test. Set this bit to "1" for 
self-testing. The video input to the signature 
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analyzer is disabled. Set this bit to "0" to enable 
video input for signature analyzer. 

Bit 1 

Preload Control. 
Setting this bit to "0" will preload the Signature 
Analyzer Result Register (3?5H, Index 20H and 
21 H) with 0001 H. Set this bit to "1" for normal 
operation. 

Bit 0 

Enable/Status Bits. 
Setting this bit to "1" will enable the signature 
analyzer to collect signature on video input. This 
bit indicates the status when read back. 
a = Finished ( or not enabled) 
1 = Busy 

7.7.18 PR1A Shadow Register Control, 
Read/Write Port = 3?5H, Index = 30H 

Bits (7:4) 

Reserved. 

Bits 3 

110 Read Select. 
a = Select actual CRTC registers for read 
1 = Select shadow CRTC registers for read 

Bits (2:0) 

Shadow Lock. 
Setting Bits 2:0 = "101" will lock all the shadowed 
register bits. This lock overrides any locks. Please 
refer to the shadow register description for details. 

7.7.19 PR20 Unlock Sequencer Extended 
Registers, ReadlWrite Port 3C5H, 
Index = 6H, (Reset State = Locked) 

A value of X1X01XXXX (48H) must be loaded to 
allow RIW of the Sequencer Extended Registers. 
When the extended registers are locked, then the 
Sequencer index will be readable as three bits 
only. When unlocked, the Sequencer Index reads 
as six bits. 
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7.7.20 PR21 Display Configuration Status and 
Scratch Pad Bits Register, Bits 7:4 
Read/Write Bits 3:0 Read Only, Port 
3C5H, Index = 7H 

This register provides a convenient location for deter
mining the current VGA configuration state. This in
formation is needed for many of the BIOS calls. 

BIT FUNCTION 

7:4 Scratch Pad Bits 
3 Status of 3C2H Bit 0 
2 Status of PR2 Bit 6 
1 Status of PR4 Bit 1 
0 Status of PR5 Bit 3 

Bits (7:4) 

Scratch Pad Bits. 
Read/write scratch pad for any BIOS status data 
that may need to be saved. Reset state is "1111 ". 

Bit 3 

Status of 3C2H Bit o. 
Reflects the setting of the I/O address select bit in 
the Miscellaneous Output Register. A "1" indicates 
CGA (3Dx) addresses have been selected by this 
read-only bit, while a "0" indicates MDA (3Bx) ad
dresses have been selected. 

Bit 2 

Status of PR2 Bit 6. 
Reflects the setting of the VGN6845 select bit in 
PR2 (3CFH Index CH). A "1" indicates 6845 com
patibility has been selected by this read-only bit, 
while a "0" indicates VGA or EGA compatibility 
has been selected. 

Bit 1 

Status of PR4 Bit 1. 
Reflects the setting of the VGNEGA select bit in 
PR4 (3CFH Index EH). A "1" indicates EGA com
patibility has been selected by this read-only bit, 
while a "0" indicates VGA was selected. 

Bit 0 

Status of PR5 Bit 3. 
Reflects the setting of the Analog/TTL status bit in 
PR5 (3CFH Index FH). A "0" indicates an analog 

WD90C30 

monitor was selected by this read-only bit, while a III 
"1" indicates a TTL-type monitor was selected. 

7.7.21 PR22 Scratch Pad Register, Read/Write 
Port = 3C5H, Index = 8H 

Bits (7:0) 

Scratch pad bits. 

7.7.22 PR23 Scratch Pad Register, Read/Write 
Port = 3C5H, Index = 9H 

Bits (7:0) 

Scratch pad bits. 

7.7.23 PR30 Memory Interface, Write Buffer 
and FIFO Control Register, Read/Write 
Port = 3C4H, Index 10H 

This register controls display memory data width 
and its bandwidth. All of the bits are reset to zero 
at power on reset. 

BIT FUNCTION 

7:6 Write Buffer Control 

5 32-bit or 16-bit Memory Data Path 
4 Disable 16-bit CPU Interface for Un-

chain Mode 

3 Two-level FIFO 

2 Four or Eight-level FIFO 

1:0 Display FIFO control 

Bits (7:6) 

Write Buffer Control. 
Bits 6 and 7 determine the depth of the write buffer. 
PR31 Bit 2 must be set to "1" for these two bits to 
have any effect. 

BITS76 FUNCTION 

00 Write buffer is one level de~ 
01 Write buffer is two levels dee..Q, 
10 Write buffer is three levels deep 
11 Write buffer is four levels de~ 
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Bit 5 

Memory Data Path. 
When set to "1 ", the display memory data path 
becomes 16-bits wide. Otherwise, the data path is 
32-bits wide. 

Bit 4 

o = Normal conditions 
1 = 16-bit interface, unchained mode is disabled. 

This is for debug only. 

Bit 3 

Two-level FIFO. 
0= The FIFO is four or eight levels deep, depend

ing on Bit 2 of this register. 
1 = The FIFO is two levels deep, regardless of Bit 

2. 

Bit 2 

Four or Eight-Level FIFO. 
0= FIFO set to eight levels deep. 
1 = FIFO set to four levels deep. 

Bits (1 :0) 

Display FIFO Control 
These two bits can be used to adjust the display 
memory bandwidth. In general it is recommended 
that these two bits be set to "01" to accommodate 
most applications. These bits have no effect in 
any text mode. They are locked into "00" internally 
when a text mode is set. 

BIT FUNCTION 

00 FIFO requests for one level 
memory cycle when empty 
FIFO is: 

01 FIFO requests for two levels 
memory cycle when empty 
FIFO is: 

10 FIFO requests for three levels 
memory cycle when empty 
FIFO is: 

11 FIFO requests for four levels 
memory cycle when empty 
FIFO is: 

WD90C30 REGISTERS 

7.7.24 PR31 System Interface Control, 
Read/Write Port = 3C5H, Index = 11H, 
Reset State = 00 

This register provides the control bits for the system 
interface. This register should be set during the post 
initialization routines of the VGA BIOS. The reset 
state is 100% IBM VGA compatible. Bit 7 will be 
used during some of the enhanced display modes. 

BIT FUNCTION 

7 ReadlWrite Offset Enable 

6 Turbo Mode for Blanked Lines 

5 Turbo Mode for Text 

4 CPU Read RDY Release Control 1 

3 CPU Read RDY Release Control 0 

2 Enable Write Buffer 

1 Enable 16-bit I/O Attribute Controller 

0 Enable 16-bit I/O Operation on 
CRTC, Sequencer and Graphics 
Controller 

Bit 7 

Read/Write Offset Enable. 
0= Normal (Refer to PROA and PROB definitions). 
1 = The offset register PRO-A will be added to 

CPU address for read cycles, while PRO-B 
will be added for write cycles. 

Bit 6 

Turbo Mode for Blanked Lines. 
1 = System performance is improved by 10% by 

removing extra screen refresh memory cycles 
on vertical blank. 

0= Normal. 

Bit 5 

Turbo Mode for Text. 
1 = For improved text mode performance. 
0= Normal. 

Bits (4:3) 

CPU Read RDY Release Controls 1,0. 
These two bits set the CPU's RDY timing to be 
optimized for different system timing. For slower 
systems, the RDY line may be released earlier 
because it takes longer to complete the read cycle. 
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00 = Power on reset condition. RDY is inserted 
at the end of a CPU memory cycle 

01 = RDY is inserted 1 MCLK before the end of a 
CPU memory cycle. 

10 = RDY is inserted 2MCLK before the end of a 
CPU memory cycle. 

11 = RDY is inserted 1 MCLK after the end of a 
CPU memory cycle. 

For 10 MHz or slower systems, the "01" setting is 
recommended. For 12 MHz or faster systems, 
the "11" setting is recommended. 

Bit 2 

Enable Write Buffer. 
1 = Write buffer is enabled. This will greatly 

reduce the number of wait states for CPU 
writes to display memory. 

o = Write buffer disabled. 

Bit 1 

Enable 16-bit I/O Attribute Controller. 
If Bit 1 and Bit 0 are both set to "1", then the 
Attribute Controller (3COH/3C1 H) is configured for 
16-bit access. The index is at 3COH, while the 
data is at 3C1 H, and the address toggle is dis
abled for 16-bit reads or writes. The address tog
gle functions in the standard way for eight-bit 
cycles. IOCS16 is asserted for all cycles to 3COH 
or 3C1 H. 

Bit 0 

Enable 16-bit I/O Operations. 
1 = Enables 16-bit access to the CRTC 

(3?4H/3?5H), Sequencer (3C4H/3C5H), and 
Graphics Controller (3CEH/3CFH). The out
put IOCS16 will be active for any I/O read or 
write to these addresses. 

o = The VGA I/O is eight-bits. 

7.7.25 PR32 Miscellaneous Control 4, 
Read/Write Port = 3C5H, 3C5H 
Index = 12H, Reset State = 00 

This register provides control for several different 
features. Some of these features help to support 
Genlock of the WD90C30 to another display con
troller for overlay. 

WD90C30 

BIT FUNCTION 

7 Enable External Sync Mode 

6 Disable Cursor Blink 

5 USR1 Function Select 
4 USR1 Control 

3 USRO Function Select 

2 USRO Control 

1 Allow Read Back in Backward 
compatible Modes 

0 Force Standard CPU Addressing in 
132-column Mode 

Bit 7 

Enable External Sync Mode. 
o = Normal operation mode. 
1 = EXVID is configured to input external Horizon

tal Sync, and EXPCLK inputs external Verti
cal Sync. The external HSYNC signal also 
synchronizes the character clock timing. In 
this configuration, EXVID and EXPCLK do 
not control the VID 7:0 and PCLK output buf
fers, but they are used to genlock the 
WD90C30 to another display controller. 

Bit 6 

Disable Cursor Blink. 
0= Blink enabled 
1 = The text cursor blink will be disabled, and the 

cursor will remain on. This option can be 
used if cursor blink is not desired. 

Bit 5 

USR1 Function Select. 
0= Causes the USR1 output to reflect the state 

of Bit 4, which can be used to control new fea
tures that the system board designer may 
wish to add. 

1 = The USR1 output is slected by PR35 Bits 5, 
4, and 3. See PR35 description. 

Bit 4 

USR1 Control. 
Controls the USR1 output when selected by Bit 5. 
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Bit 3 

USRO Function Select. 
o = Causes the USRO output to reflect the state 

of Bit 2, which can be used to control new fea
tures that the system board designer may 
wish to add. 

1 = The USRO output is selected by PR35 Bits 2, 
1, and O. See PR35 description. 

Bit 2 

USRO Control. 
Controls the USRO output when selected by Bit 3. 

Bit 1 

Read Backward in Compatible Modes. 

BIT 7 

0 

0 

1 

1 

When set to "1 ", this bit allows reading of those Bit 5 
registers that are not readable in backward com- Reserved 
patibility modes. This option may be used either 
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BIT 6 FUNCTION 

0 OWS = 0 if the internal 
write is buffer-ready. 

1 OWS = 0 if the internal 
write buffer is ready AND 
the memory address is 
decoded. 

0 OWS = 0 ifthe internal 
write buffer is ready AND 
memory address is 
decoded AND MWR = O. 

1 OWS = 0 if the condition 
"10" is true OR I/O write to 
the WD90C30 is occurrinQ. 

as a test feature or by the BIOS during mode Bits (4:3) 

changes. These two bits control the CAS timing. 

Bit 0 

132-Column Mode. 
When set to "1", the special CPU address map
ping for page mode font access in 132-column 
text is set for standard mapping without disturbing 
the display. This will be used only for special vir
tual VGA applications. 

7.7.26 PR33 DRAM Timing and Zero Wait 
State Control Register, Read/Write 
Port = 3C5H, Index = 13H 

Bits (7:6) 

These two bits control the operation of the OWS 
output pin. . OWS is disabled if PR31 bit 2 = 0 
(Write Buffer is off). 

BIT VALUE 

4-3 00 

4-3 01 

4-3 10 

4-3 11 
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FUNCTION 

CAS cycle is 2 Mclocks. 
CAS low is 1 Mclock + (4-
7) ns. 
CAS high is 1 Mclock - (4-
7) ns. 

CAS cycle is 2 Mclocks. 
CAS low is 1 Mclock +' (8-
14) ns. 
CAS high is 1 Mclock - (8-
14lns. 
CAS cycle is 2 Mclocks. 
CAS low is 1.5 Mclocks. 
CAS high is 0.5 Mclocks. 

Reserved. 
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Bit 2 

BIT VALUE 

2 0 

2 1 

Bits (1 :0) 

FUNCTION 

CAS cycle starts 2.5 
Mclocks after RAS low. 
CAS cycle starts 1.5 
Mclocks after RAS low. 

WD90C30 

7.7.28 PR35 USRO, USR1 Output Select 
Register, Read/Write Port = 3C5H, 
Index = 15H 

This register determines which internal signals 
can be observed through USRO and USR1 output 
pins. This is for debug purposes and may be use
ful for using internal signals to control external 
functions. PR35, Bits 5 and 3, must be set to "1" 
for this register to have any effect. 

These two bits control RAS precharge. Refer to Bits (7:6) 
DRAM timing adjustments in Section 6.0. Reserved. 

BIT VALUE FUNCTION 

1-0 00 RAS high is 2-1/2 mclocks 
plus a 4-7 ns. delay. 

1-0 01 RAS high is 3 Mclocks 
wide. 

1-0 10 RAS high is 2 Mclocks 
wide. 

1-0 11 RAS high is 2-1/2 Mclocks. 

7.7.27 PR34 Video Memory Mapping Register, 
Read/Write Port = 3C5H, Index = 14H 

Bits (7:0) 

BITS FUNCTION 

7-4 Reserved. 
3-0 These four bits are compared with 

the CPU address AJ:23:20j as 
part of the video memory address 
decoding. This allows the VGA to 
be mapped into any 1 Mbyte CPU 
memory space. This register will 
not affect the EBROM and 
ROM16 decoding. EBROM and 
ROM16 will still decode at 
A_[23:20j = OH. Used with the cor-
rect setting of PR1, Bits 5 and 4, 
this register supports virtual VGA 
applications. These four bits are 
set to "0" at power-on reset. 

Bits (5:3) 

5,4,3 

000 

001 . 

010 

01 1 

1 0 0 

1 0 1 

1 1 0 
1 1 1 

Bits (2:0) 

2,1,0 

000 
001 

010 

01 1 
100 

1 01 
1 1 0 
111 
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USR1 = 

"1", if WD90C30 is fetching fonts 
from DRAM 
"1 ", ifWD90C30 is fetching 
gr@hics data from DRAM 
"1 ", if the internal write buffer is 
ready 
"1 ", if a CPU write cycle is occur-
ring 
"0", if a CPU write cycle is not 
caused by write buffer 
Reserved 

Reserved 
Reserved 

USRO= 

"1", if I/O address is decoded 
"1", if WD90C30 is fetching char-
acter attributes from DRAM 
"0", if the internal write buffer is 
not empty 
"1", if CPU read cycle is occurrino 
"0", if a write buffer cycle is occur-
rino 
Reserved 
Reserved 
Reserved 
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7.S INTERNAL I/O PORTS 

7.S.1 AT Mode Setup, Enable Write Only Port 
46ESH (Also at Port 56ESH, 66ESH, 
76ESH) 

BIT 

7:5 
4 
3 
2:0 

Bits (7:5) 

Unused. 

Bit 4 

Setup. 

FUNCTION 

Unused 
Setup 
Enable I/O and Memory 
External BIOS ROM PaQe Select 

Puts WD90C30 into setup mode where only I/O 
Port 102H is accessible. 

Bit 3 

Enable I/O and Memory Accesses. 

Bits (2:0) 

BIOS ROM Page Select. 
On I/O accesses to 46E8H, EBROM becomes I/O 
write strobe for external implementation of BIOS 
ROM page mapping. Bits (2:0) are latched data 
bits to define 4K pages on BIOS ROM. The exter
nal mapping logic affects the three most sig
nificant bits of address applied to the BIOS ROM. 
The ROM can, therefore, be thought of as consist
ing of eight, 4K pages. External circuitry is re
quired to implement the BIOS ROM page selec
tion using bits D2:DO. The WD90C30 also 
provides an alternative Port 3C3H instead of Port 
46E8H. If a pull-down resistor is connected to 
MD(9) during power on reset (CNF9 = 0), then 
Port 3C3H will be decoded instead of Port 46E8H 
to support the same functions described above. 
Otherwise, Port 46E8H is selected and decoded. 
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7.8.2 Setup Mode Video Enable (AT and 
Micro Channel Modes) ReadlWrite 
Port = 102H (XXXX XXXX XXXX X010B) 

BIT 

7:1 
0 

Bits (7:1) 

Unused. 

Bit 0 

FUNCTION 

Unused 
WakeupVGA 

Wakeup VGA for I/O and Memory Accesses. 
Only lower three address bits are decoded for this 
port and WD90C30 must be in Setup mode. VGA 
Enable Sleep bit or Programmable Option Select 
(POS) Register 102H Bit 0 is used to awaken the 
WD90C30 after power on in the MCA and AT 
mode. To enter the set up mode in AT bus ap
plications, Bit 4 of the partially decoded internal 
I/O Port 46E8H is set to "1" before accessing the 
I/O Port 102H. In MCA mode, when the 
VGASETUP (EIO) signal pin is active low, the 
WD90C30 is in setup mode and Port 102H can be 
accessed. 

7.9 VIDEO RAMDAC PORTS 

The Video RAMDAC is implemented externally to 
the WD90C30. However, the WPLT and RPLT 
signals required by the RAMDAC are provided by 
the WD90C30. Setting PR(16) Bit 0 to a "1" for
ces WPLT to a high level disabling I/O writes to 
the RAMDAC. Normally, the WPLT and RPLT 
signals to the RAMDAC are generated when the 
following I/O ports are written to or read from. 
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DAC 
ADDRESS DAC OPERATION DETAILS 

3CBH PEL Address Port (Write) ReadIWrite Port 
3C7H PEL Address Port (Read) Read Only Port 
*3C7H *DAC State (Read Only) * If Bits 0/1 = 1, DAC in read operation. 

When Bits 0/1 = 0, DAC in write opera-
tion. Bits 2-7 are reserved. 

3C6H PEL Mask (Read/Write) Not to be written by application code or 
color look-up table will be changed. 

3C9H PEL Data Register (ReadIWrite) Three successive read/write bytes. 
* This port IS Internal to the WD90C30. 

TABLE 17. VIDEO RAMDAC PORTS 

7.10 WD90C30 CONFIGURATION REGISTER 
BITS CNF(18:0) 

Memory Data Lines (1B:0) are used to input con
figuration data at power-on reset (RST) by pull-up 
or pull-down resistors. This configuration data then 
sets the bits in internal registers. Some of these 
bits can then be changed by software, while some 
are in non-writable registers. The non-writable bits 
set features such as bus type which are not 
changed after power-on. All MD(1B:0) are internal
ly pulled up by 50 ohm resistors. The following 
table lists the non-writable configuration bits. 

BIT FUNCTION 

18 Enable ROM16 as EXBLANK input 
17 
16 64K by 16 or 256 K by 4 DRAM select 
15 -12 EGA Switches 
11 A23 - A20 Connection Select 
9 46E8H/3C3H Select 
8 Display Status 
7-4 General Purpose Status 
3 Video Clock Source Control 
2 AT/MCA Bus Select 

CNF(18) 

A 4.7K pull-down resistor on Pin MD(18) sets 
CNF(18) = o. Otherwise the internal pull-up will 
set CNF(18) = 1. 
0= ROM16 configured as EXBLANK input. 
1 = Normal ROM16 operation. ROM16 is an out

put. 

CNF(16) 

A 4.7K pull-down resistor on pin MD(16) sets 
CNF(16) = o. Otherwise, the internal pull-up will 
set CNF(16) = 1. 

o = WD90C30 is interfacing with a 64K by 16 
DRAM. 

1 = WD90C30 is interfacing with a 256K by 4 or 
256K by 16 DRAM. 

CNF(15:12) 

EGA configuration switches SW4-SW1. 
Pulling up MD(15:12) causes PR11(7:4) to be 
latched high. Pulling down MD(15:12) causes 
these bits to be latched LOW. PR11 (7:4) are 
writable bits. These bits can be read as Bit 4 of 
Port 3C2H (as on a standard EGA) if the EGA 
compatibility bit [PR4(1)] has been set to "1". 
Selection of which bit to read is determined by 
Bits 3 and 2 of the Miscellaneous Output Register 
3C2H, as follows. 

WRITE READ 

3C2 Bit 3 3C2 Bit 2 3C2 Bit 4 
0 0 PR11 (7) [= EGA SW4j 

0 1 PR11(6) [= EGA SW31 
1 0 PR11J5) [= EGA SW~ 
1 1 PR11(4) [= EGASW1j 
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CNF(11) 

A 4.7K pull-down resistor on the Pin MD8 sets 
CNF(11) = o. The pins A(22:20) should then be 
connected to the AT bus signals LA(19:17), un
latched CPU address. The pin A23 should be 
connected to the NOR of AT bus signals 
LA(23:20). The pins A(19:17) should be con
nected to AT bus SA(19:17), latched CPU ad
dress. This will allow the WD90C30 to directly 
drive MEMCS16 in AT bus which requires decod
ing of the early unlatched address LA(23:17). An 
external NOR is required to decode LA(23:20). 

If there is no pull-down resistor on MD8, the 
CNF(11) will b~ set to "1" by the internal pull-up. 
Pins A(23:17) should be connected to AT bus sig
nals LA(23:17). LA(23:17) are internally latched 
by ALE signal. 

CNF(10) 

A 4.7K pull-down on Pin MD10 sets CNF(10) = 
PR1 (1) = 1. Upon power-up, the pin ROM16 is 
enabled for 16-bit BIOS ROM decoding. Other
wise, the internal pull-up will set CNF(10) = 
PR1 (1) = o. To enable the 16-bit BIOS, PR1 (1) 
must be set to "1" by writing to Port 3CFH (Index 
OBH) bit 1 and at the same time the CNF(1) must 
be "1 ". This bit is read/write at PR1 (1). 

CNF(9) 

A 4.7K pull-down on Pin MD9 sets CNF(9) = o. 
Then Port 03C3H will be selected as the VGA 
setup and enable register instead of Port 46E8H 
in the AT interface. Otherwise, the internal pull-up 
will set CNF(9) = 1. Port 46E8H will be selected 
as VGA setup and enable register. This bit has no 
effect in Micro Channel applications. 

CNF(8) 

Analog/TTL Display Status Bit. 
Bit CNF(8) is latched internally at power-an-reset 
from memory data bus Pin MD(11), provided with 
either a pull-up or pull-down external resistor. Pull
ing up MD(11) causes CNF(8) to be latched Low. 
This bit controls no internal functions and is read 
only as Bit 3 of PR5 (3CF.OFH). Also, CNF(8) is 
unaffected by writing to PR5 (3CF.OFH). Sug
gested implementation is: 

WD90C30 REGISTERS 

o = Analog (VGA - compatible) display is attached 
1 = TTL (EGA-compatible) display is attached. 

CNF(7:4) 

General Purpose Status Bits. 
Bits CNF(7:4) are latched internally at power-on
reset from corresponding memory data bus pins 
MD(7:4), provided with either pull-up or pull-down 
external resistors. These are read only bits at PR5 
(3CF.OFH) positions (7:4). These bits are unaf
fected by writing to PR5(3CF.OFH). Pulling down 
MD(7:4) causes CNF(7:4) to be latched high. 

CNF(3) 

Video Clock Source Control. 
This bit cannot be written or read as I/O port. 
Pulling up MD(3) causes CNF(3) to be latched 
high. It configures WD90C30 pins VCLK1 and 
VCLK2 as inputs or outputs. 

o = For inputs. 
1 = For outputs. 

When used as inputs, these pins supply alternate 
video dot clocks. Selection of dot clock is by an 
internal multiplexer. When used as outputs, 
VCLK1 supplies an active low load pulse for an 
exiernal clock chip, during I/O writes to Port 
3C2H. This load pulse may be inhibited by setting 
PR11 (2) = 1. VCLK2 becomes a third clock select 
input to the external clock chip, which supplies 
multiple dot clock frequencies to the VCLKO input. 
Also, VCLK1 and VCLK2 outputs are equal to Bits 
2 and 3 of the Miscellaneous Output Register at 
3C2H when PR15 Bit 5 is set to "1". 

CNF (2) 

Bus Architecture Select. 
This bit cannot be written or read as I/O. Pulling 
down MD(2) causes CNF(2) to be latched low. 

o = Micro Channel architecture 
1 = AT BUS architecture 

Selecting CNF(2) will change pinout definition be
tween AT BUS and Micro Channel bus. (See Sig
nal Description.) 
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PC-AT 1/0 MICRO 1/0 
BUS CHANNEL 
MEMCS16 OUT CDDS16 OUT 
ROM16 OUT CSFB OUT 
EIO IN 3C3DOH IN 
MRD IN MilO IN 
MWR IN SO IN 
lOR IN S1 IN 
lOW IN CMD IN 
IRQ OUT IRQ OUT 
IOCS16 OUT CDSETUP OUT 

CNF (1) 

ROM Configuration. 
When set to "0", the WD90C30's data bus buffer 
controls are configured for one ROM (eight bits). 
An internal pull-up on MD(1) sets this bit to "0" at 
power-on-reset. 

o = PR1 (1) can not be set high. This bit can not 
be written or read. 

1 = The WD90C30's data bus buffer controls are 
configured for 16-bits (as with two ROMs). 
Setting CNF(1) to 1 enables the HTL output 
pin. With an 8-bit system interface, address 
bit A(O) = 0, selects the even ROM and 
A(0)=1 selects the odd ROM. With a 16-bit 
system interface, CNF(1) and PR1(1) must 
be set to one to enable ROM16. 

WD90C30 

CNF (0) 

BIOS ROM Mapping. 
If set to "1", the BIOS ROM is mapped out. An 
internal pullup resistor on MD(O) sets this bit to 0 
at power-on reset. An external 4.7 Kohm pull
down resistor may be used to set this bit to "1" on 
power -on-reset. 

This bit is readlwrite at PR1 (0). 
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A.O APPENDIX A - EGA MODE 
A.1 EGA MODE ENTRY 

For the register definitions that have not changed 
from the VGA modes, refer to the VGA descrip
tion. Only the differences between the VGA and 
EGA registers are briefly described in this section. 
Also, refer to the prior section for VGA mode 
details. "Not Used" bits should be set to "0" unless 
otherwise noted. 

A general procedure to enter EGA mode of opera
tion is described. The actual software implemen
tation details are not covered in this procedure. 
These steps are briefly defined to outline the EGA 
mode entry. 

• Load Configuration register Bit 8. Select 
logic "0" for a VGA-compatible PS/2 display 
or logic "1" for an EGA-compatible TTL 
monitor by using the appropriate pull-up or 
pull-down resistor on MD(11). (A pull-up 
resistor on MD11 causes CNF(8) to be 
latched with logic "0" for analog PS/2 
compatible displays.) This status information 
signifies the type of monitor attached to the 
system and is available to the BIOS or 
application. 

• Unlock all the PR registers. 
• Program PR2(6) to "0" for EGA mode. 
• Set PR4 Bit 1 to logic "1" for EGA 

compatibility. 
• Load PR11 (7:4) with EGA Configuration 

switches by using pull-up or pull-down 
resistors on Pins MD(15:12). (A pull-up 
resistor causes logic "1" to be latched after 
power -on-reset.) 

• The EGA switch setting may then be read 
from PR11 (7:4) at I/O Port 3C2H Bit 4. 

• If EGA mode is to be emulated on an IBM 
PS/2 analog display, follow the suggested 
steps listed below: 
Initialize all the registers. 
Lock CRT controller registers. 
Force clock control rate of the CRT 
controller. 
- Set EGA emulation mode by 

programming: 

APPENDIX A - EGA MODE 

PR11(3)=1; Set EGA emulation on PS/2 
type display 
PR14(6)=1; Vertical double scan 
P R 11 (2)= 1; Lock clock select 
PR11 (0)=1; Lock 8/9 dot timing. 
PR14(7)=1; Enable IRQ (optional). 

- Lock the PR registers PRO through PR5 
and PR1 0 through PR17. 

- Read protect PR registers. 
• When EGA is required on a TTL monitor, the 

suggested steps are: 
- Initialize all the registers. 
- Set EGA TTL mode by programming: 

PR11 (3)=0; EGA TTL 
PR14(7)=1; Enable IRQ 
PR15(6)=1; Set Low Clock 
PR14(7)=1; Enable IRQ 

- Lock PR registers PRO through PR5 and 
PR10 through PR17. 

- Read protect PR registers. 

For more details on the PR registers, refer to the 
PR registers section. The EGA register summary 
shown on the next· page highlight all the EGA 
mode registers. 

A.2 GENERAL REGISTERS 

Only the general registers and the bit definitions 
that differ between the VGA and EGA are ad
dressed. Their EGA mode bit definitions are 
provided. 

A.2.1 Miscellaneous Output Register 
Write, Port = 3C2H 

Bits (7:5) 

EGA: Same as Miscellaneous Output Register 
Bits (7:5) definition in the VGA section. 

Bit 4 

Not used. 
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• REGISTERS EGA I/O PORT 
HEX 

General Registers: 
Miscellaneous Output Register WO 3C2 
Input Status Register 0 RO 3C2 
Input Status Register 1 RO 3?A 
Feature Control Register WO 3?A 

Sequencer Registers: 
Sequencer Index Register WO 3C4 
Sequencer Data Register WO 3C5 
CRT Controller Registers: 
Index Register WO 3?4 

CRT Controller Data Register, except the following: WO 3?5 
Start Address High (Index=OCH) RW 3?5 
Start Address Low (Index=ODH) RW 3?5 
Cursor Location High (Index=OEH) RW 3?5 
Cursor Location Low (Index=OFH) RW 3?5 
Light Pen High, (Index=10H) R 3?5 
Light Pen Low, (lndex=11 H) R 3?5 
Graphics Controller Registers: 
Index Register WO 3CE 
Other Graphics Register WO 3CF 
Attribute Controller Registers: 
Index Register WO 3CO* 
Attribute Controller Data Register WO 3CO* 

NOTES: 
1. RO = Read Only, WO = Write Only, and RW = Read/Write. 
2. All Register addresses are in hex. 
3. "?" = "8" in Monochrome modes or "0" in Color modes. 

TABLE 18. EGA REGISTERS SUMMARY 
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Bits (3:2) 

EGA: 

BIT3 
0 

0 

1 

1 

Bit (0) 

BIT2 
0 

1 

0 

1 

DESCRIPTION 
14.318 MHz clock (VCLKO) 
is selected. 
16.257 MHz clock (VCLK1) 
is selected if Configuration 
ReQister Bit 3 is "0". 
External User Defined Clock 
(VCLK2) from the feature con-
nector is selected if Configura-
tion Register Bit 3 is "0". 

Not Used. VCLK2 selected if 
Configuration Register Bit 3 
is "0". 

EGA: Identical to Miscellaneous Output Register 

APPENDIX A - EGA MODE 

Bit 6 

EGA: Not used = 1. 

Bits (5:3) 
EGA: Identical to Input Status Register 1 Bits (5:3) 
definition in the VGA section. 

Bit 2 

EGA: Not used = 1 . 

Bit 1 

EGA: Not used. 

Bit 0 

EGA: Same as Input Status Register 1 Bit 0 
definition in the VGA section. 

Bit 0 definition in the VGA section. A.2.4 Feature Control Register, 
Write Port = 3? AH 

A.2.2 Input Status Register 0, Bits (7:0) 
Read Port = 3C2H EGA: Not used. 

Bit 7 

EGA: Same as input Status Register 0, Bit 7 A.S SEQUENCER REGiSTERS, 
definition in the VGA section. PORT = 3C5H 

Bits (6:5) 

EGA: Not used. 

Bit 4 

EGA: The four configuration switches' information 
stored in PR11 can be read at this bit if PR4(1) 
has been set to "1". 

Bits (3:0) 

EGA: Not used = 1. 

A.2.3 Input Status Register 1, 
Read Port = 3? AH 

Bit 7 

EGA: Not used. 

A.3.l Clocking Mode Register, 
Index = 01H 

Bits (7:4) 

EGA: Not Used. 

Bits (3:2) 

EGA: Same as Clocking Mode Register Bits (3,2) 
definition in the VGA section. 

Bit 1 
EGA: Set to zero. 

Bit 0 

EGA: Identical to Clocking Mode Register Bit 0 
definition in the VGA section. 
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A.3.2 Character Map Select Register, 
Index = 03H 

Bits (7:4) 

EGA: Not used. 

Bits (3:2) 

EGA: Character Map Select A. 

BIT BIT MAP 
3 2 SELECTED 

0 0 0 
0 1 1 

1 0 2 
1 1 3 

Bits (1 :0) 

EGA: Character Map Select B. 

BIT BIT MAP 
1 0 SELECTED 

0 0 0 
0 1 1 
1 0 2 
1 1 3 

NOTE: 

FONT 
TABLE/PLANE 
2 LOCATION 
First 8K 

Second 8K 
Third 8K 

Fourth 8K 

FONT 
TABLE/PLANE 
2 LOCATION 
First 8K 

Second 8K 

Third 8K 

Fourth 8K 

Character Map selection from Plane 2 is deter
mined by Bit 3 of the attribute code. 

A.3.3 Memory Mode Register, 
Index = 04H 

Bits (7:3) 

EGA: Not used. 

Bits (2:1) 

EGA: Identical to Memory Mode Register Bits 
(2:1) definition in the VGA section. 

WD90C30 

Bit 0 

EGA: Alpha Mode Bit. 
A logic "1" shows that Alpha mode is active and 
character map selection is enabled. A logic "0" dis
ables Alpha modes and enables non-Alpha modes. 

A.4 CRT CONTROLLER REGISTERS, 
PORT=3?5H 

The EGA registers that are different are listed. 
For similar registers and identical bits within 
registers refer to the VGA section. Also, "?" im
plies that a register is mapped into either 3B5H or 
3D5H, for Monochrome or Color display modes, 
respectively. 

A.4.1 Index Register, Port = 3?4H 

Bits (7:5) 

EGA: Not used. 

Bits (4:0) 

EGA: Five bits point to the CRT Registers Ad
dress Index where the data is to be written. 

A.4.2 Horizontal Total Register, 
Index = OOH 

Bits (7:0) 

EGA: Eight bits of value for the "Total Character 
Count Less 2" are loaded into this register. They 
define number of characters to be displayed per 
horizontal line. 

A.4.3 End Horizontal Blanking Register, 
Index = 03H 

Bit 7 

EGA: Not used. 

Bits (6:5) 

EGA: They define display enable skew in charac
ter clocks. 
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BIT6 BITS SKEW 
0 0 0 
0 1 1 
1 0 2 
1 1 3 

Bits (4:0) 

EGA: Five bits of character count are loaded to 
determine when the horizontal blanking signal be
comes inactive. 

APPENDIX A - EGA MODE 

A.4.7 Maximum Scan Line Register, 
Index = 09H 

Bits (7:S) 

EGA: Not used. 

Bits (4:0) 

EGA: Same as maximum Scan Line Register Bits 
(4:0) definition in the VGA section. 

A.4.8 Cursor Start Register, Index = OAH 

A.4.4 End Horizontal Retrace Register, Bits (7:S) 
Index = OSH EGA: Not used. 

Bit 7 Bits (4:0) 

EGA: This bit defines the start of the odd or even EGA: Same as Cursor Start Register Bits (4:0) 
CRT counter memory address following the definition in the VGA section. 
horizontal retrace time. Logic "1" = Odd Address 
and logic "0" = Even Address. 

Bits (6:0) 

EGA: Same as End Horizontal Retrace Registers 
Bits (6:0) definition in VGA section. 

A.4.S Vertical Total Register, Index = 06H 

Bits (7:0) 

EGA: Lower eight bits of the CRT vertical frame 
time in scan lines including the vertical retrace. 

A.4.6 CRT Controller Overflow Register, 
Index = 08H 

Bits (7:S) 

EGA: Not used. 

Bits (4:0) 

Identical to CRT Controller Overflow Register Bits 
(4:0) definitions in the VGA section. 

A.4.9 Cursor End Register, Index = OBH 

Bit 7 

EGA: Not used. 

Bits (6:S) 

EGA: They define cursor signal skew in character 
clocks. 

BIT 6 BITS SKEW 
0 0 0 
0 1 0 
1 0 1 

1 1 2 

Bits (4:0) 

EGA: These bits define Cursor End value of row 
scan address counter. The programmed value is 
equal to "N+ 1" where "N" is the last row of the 
Cursor to be displayed. 
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A.4.10 Vertical Retrace Start Register, 
Index = 10H - Write 

(Light Pen High register, Index = 10H - Read) 

Bits (7:0) 

EGA: Lower eight bits of the vertical retrace start 
position programmed in horizontal scan lines. 

A.4.11 Vertical Retrace End Register, 
Index = 11H - Write 

(Light Pen Low register, Index = 11 H - Read) 

Bits (7:6) 

EGA: Not used. 

Bit 5 

EGA: This bit enables the IRQ output buffer con
trol if logic "0" is programmed. The IRQ latch 
within the CRT controller determines the logic 
state of the IRQ output signal. If programmed as 
logic "1", the IRQ buffer is switched to a high im
pedance state. 

Bit 4 

WD90C30 

A.4.13 End Vertical Blanking Register, 
Index = 16H 

Bits (7:5) 
EGA: Not used. 

Bits (4:0) 

EGA: Identical to End Vertical Blanking Register 
Bits (4:0) definition in the VGA section. 

A.4.14 Mode Control Register, 
Index = 17H 

Bits (7:5) 

EGA: Same as Mode Control Register Bits (7:5) 
definition in the VGA section. 

Bit 4 

EGA: Not used. 

Bits (3:0) 

EGA: Identical to Mode Control Register Bits (3:0) 
definition in the VGA section. 

EGA: When programmed to logic "0", the IRQ A.5 GRAPHICS CONTROLLER REGISTERS, 
latch is reset and cleared to "0" if Bit 5 = O. If it is PORT = 3CFH 
logic '1 ", the IRQ latch gets set at the end of the 
vertical display. 

Bits (3:0) 

EGA: Identical to Vertical Retrace End Register 
Bits (3:0) definition in the VGA section. 

A.4.12 Underline Location Register, 
Index = 14H 

Bits (7:5) 

EGA: Not used. 

Bits (4:0) 

EGA: Horizontal scan row where the underline will 
be displayed. Value programmed is one less than 
the scan line desired. 

A.5.1 Read Map Select Register, Index = 04H 

Bits (7:3) 

EGA: Not Used. 

Bits (2:0) 

EGA: Map selected bits (2:0) which represent en
coded value of the memory plane in binary as 
shown below: 

BIT BIT BIT MAP SELECTED 
2 1 0 
0 0 0 0 
0 0 1 1 
0 1 0 2 
0 1 1 3 
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A.5.2 Mode Register, Index = 05H 

Bit (7:6) 

EGA: Not used. 

Bits (5:2) 

EGA: Identical to Mode Register Bits (5:2) defini
tion in the VGA section. 

Bits (1 :0) 

EGA: Binary coded write bits define the write 
modes per table below: 

BIT BIT FUNCTION 
1 0 

a a Write mode a - Refer to VGA 
section 

a 1 Write mode 1 - Refer to VGA 
section 

1 a Write mode 2 - Refer to VGA 
section 

1 1 Write mode 3 - Not Legal. 
Selects write mode 1 . 

APPENDIX A - EGA MODE 

BITS COLOR PIXEL 

5 Sec. Red VID 5 

4 Sec Green/lnten VID 4 
3 Sec Blue/Mono VID 3 
2 Red VID 2 
1 Green VID 1 
a Blue VIDa 

A.6.2 Mode Control Register, Index = 10H 

BIT FUNCTION 

7:4 Not used 

3:0 Same as Mode Control 
in VGA section 

Bits (7:4) 

EGA: Not used. 

Bits (3:0) 

EGA: Identical to Mode Control Register Bits (3:0) 
definition in the VGA section. 

A.6 ATIRIBUTE CONTROLLER REGISTERS, A.S.3 Overscan Color Register, Index = 11H 
PORTS = 3COH/3C1 H 

A.S.1 Palette Registers, 
Index = OOH through OFH 

BIT FUNCTION 

7:6 Not used 

5:0 Dynamic color selection 

Bits (7:6) 

EGA: Not used. 

Bits (5:0) 

EGA: Dynamic color selection. Logic "0" = Color 
deselection, and Logic "1" = color selection per 
the table below: 

BIT FUNCTION 

7:6 Not used 

5:0 Overscan color for border 

Bits (7:6) 

EGA: Not used. 

Bits (5:0) 

EGA: Overscan color for the border. For a 
monochrome display, set all the six bits to logic 
"0". The border color is defined by the color table 
for the Palette registers shown above. 
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A.6.4 Color Plane Enable Register, 
Index = 12H 

BIT FUNCTION 

7:6 Same as Color Plane Enable - VGA 
5:4 Video Status Multiplexer 
3:0 Same as Color Plane Enable - VGA 

WD90C30 

A.6.5 Horizontal PEL Panning Register, 
Index = 13H 

BIT FUNCTION 

7:4 Not used 
3:0 Horizontal left shift of the video data 

in number of pixels. 

Bits (7:6) Bits (7:4) 

EGA: Same as Color Plane Enable Register Bits EGA: Not Used. 
(7,6) in the VGA section. 

Bits (5:4) 

EGA: 
Determines two of six colors for the Video Status 
Multiplexer as shown below: 

BIT5 BIT4 INPUT STATUS REGISTER 
1JPort 3?A) 
BIT5 BIT4 

0 0 VID 2(Red) VID 0 (Blue) 
0 1 VID 5(SRed) VID4 

(SGreen) 
1 0 VID 3(SBlue) VID 1 

(Green) 
1 1 VID 5(SRed) VID4 

(SGreen) 

Bits (3:0) 

EGA: Same as Color Plane Enable Register Bits 
(3:0) definition in the VGA section. 

Bits (3:0) 

EGA: These four bits determine the horizontal left 
shift of the video data in number of pixels. In 
monochrome alpha numeric modes, (nine 
dots/character) image can be shifted by nine 
pixels. For all other graphics or alpha numeric 
modes, a maximum left shift of eight pixels is per
mitted. Refer to the left shift pixel table of the 
Horizontal PEL Panning Register Bits (3:0) 
described in the VGA section. 
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B.O APPENDIX· B - WD90C30 INTERFACES 
The WD90C30 applications section is divided into 
various interfaces: processor (AT or Micro Chan
nel mode), video memory, RAMDAC, monitor, and 
clock. The description and block diagrams are 
generic. No attempt is made to present schematic 
level details. Currently available application notes 

and technical briefs at the end of this data book 
will supplement the information provided in this 
section. 
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B.1 WD90C30 INTERFACES 

Figure 13 highlights the WD90C30 interfaces. 
II 

WD90C30 

ALE CONFIGURATION INTERFACE 
EMEM 
EIO 
SO_ MAS/RAS1 

MilO MA[7:0] 

CMD MD[31:0] 

S1 WEO 

EDBUFL WE1 
1. 256K DRAM INTERFACE 1. 8·BIT PC/AT WITH 

EDBUFH WE2 
8·BIT BIOS 2. 512K DRAM INTERFACE 

EABUF WE3 3. 1M DRAM INTERFACE 2. 16·BIT PC/AT WITH RAS2 a·BIT BIOS BHE 

3. 16·BIT PC/AT WITH DA[15:0] RAS3 

16-BIT BIOS A[23:17] CAS 

4. PC/AT VGA ROM BIOS A[16] OE 
PAGE MAPPING IRQ RAS 

RDY 
DIR 
RESET 
EBROM MDET 
IOCS16 EXVID 
ROM16 EXPCLK 

VID[7:0] 1. RAMDAC INTERFACE 
PCLK 2. MONITOR DETECT INTERFACE 

BLANK 3. AUXILIARY VIDEO CONNECTOR 
1. CLOCK INTERFACE 

MCLK 
HSYNC 4. FEATURE CONNECTOR 

WITH INTERNAL MUX VSYNC 
2. EXTERNAL MUX 8:1 VCLKO 

RPLT 
3. EXTERNAL MUX 4:1 VCLK1 

WPLT 
VCLK2 

FIGURE 13. WD90C30 INTERFACES 
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B.2 a-BIT PC AT INTERFACE WITH a-BIT BIOS. The system data bus SO(7:0) and address 
BIOS bus SA(19:0) are shown along with associated 

Figure 14 shows a block diagram of the W090C30 buffers and BIOS ROM. 
with eight-bit PC/AT interface using eight-bit 

SA16 

A [23:0] 

SA [15:0] 

A [14:0] 

OE 

I 

27256-15 

244 

-{>-
I 

245 

D [7:0] 

CE 
I 

SO [7:0] 

G~A 

RESET 

AEN 
REFRESH 

SMEMW 
SMEMR 

SIOR 
SlOW 

IRQ 

I 

5V 

- WD90C30 

EBROM 
DA [15:0] 
A16 
A [23:17] 

EABUF 

DIR 

EDBUFL 

RSET 
EIO 
EMEM 
MWR 
MRD 
lOR 
lOW 
IRQ 
ALE 

FIGURE 14. a-BIT PC AT INTERFACE WITH a-BIT BIOS 
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B.3 16·BIT PC AT INTERFACE WITH 8·BIT 
BIOS 

Figure 15 illustrates 16-bit PCI AT interface with an 
eight-bit BIOS using WD90C30. For 386 systems, 

SA16 
LA [23:17) 

SA [15:0) 

A [14:0] 

OE 

I 

245 -

27256-15 

244 

-[>--
G 
I 

245 

WD90C30 

the processor data bus SD(15:0), and the system 
address bus SA(19:0) are shown. Associated ad
dress and data bus buffers and BIOS ROM are 
also shown. 

D [7:0] 
WD90C30 

CE 
I --

EBROM 
DA [15:0] 
A16 
A [23:17] 

--
EABUF 

SD [7:0) 

SD [15:8) G~R 

RESET 

AEN 
REFRESH 

SMEMW 
SMEMR 

SIOR 
SlOW 

IRQ 
SBHE 

MEMCS16 
IOCS16 

ALE 

I 
11 DIR 

--
EDBUFH 

EDBUFL 

RSET 
EIO 
EMEM 
MWR 
MRD 
lOR 
lOW 
IRQ 
BHE 
MEMCS16 
IOCS16 
ALE 

FIGURE 15. 16·BIT PC AT INTERFACE WITH 8·BIT BIOS 
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B.4 16-BIT PC AT INTERFACE WITH 16-BIT 
BIOS 

Figure 16 describes a 16-bit PC/AT interface with 
16-bit BIOS ROM implementation using the 
W090C30. The system data bus SO(15:0), ad-

27256-15 27256-15 

A [14:0) D [7:0] - A [14:0) 

OE CE OE 

I I 

SA16 
LA [23:17] 

244 

SA [15:0] -t>-
G 

245 I - 245 
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dress and data bus buffers are presented. Also, 
MEMCS16 implementation is limited to certain 
bus speeds since SA 15 and SA 16 are used for 
the 16-bit BIOS. Refer to Figure 18 for 286-based 
systems. 

D [7:0) I--
WD90Cao 

CE 
1 EBROM 

DA [15:0] 
A16 
A [23:17) 

EABUF 

SD [7:0] 

G~R SD [15:8] DIR 

..r-r- SA15 11,= ROM16 

" I 1 
~ EDBUFL 

" --
EDBUFH 

RESET RSET -
AEN EIO 

REFRESH EMEM 
SMEMW MWR 
SMEMR MRD 

SIOR lOR 
SlOW lOW 

IRQ IRQ 
SBHE BHE 

-MEMCS16 MEMCS16 
IOCS16 IOCS16 

FIGURE 16. 16-BIT PC AT INTERFACE WITH 16-BIT BIOS 
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8.5 16-81T MICRO CHANNEL 

Figure 17 illustrates the WD90C30 and 16-bit 
Micro Channel interface. 3C3.DOH is output of 
Port 3C3H Bit 0 VGA Subsystem Enable Register. 

SA16 
SA [23:17] 

244 

SA [15:0] -[>-
G 
I 

245 - 245 

SD [7:0] 

G~R SD [15:8] 

I 
I 1 

RESET 
3C3DO 

SO 
MilO 

S1 
CMD 
IRQ 

SBHE 
CDDS16 

CDSETUP 
5V 

FIGURE 17. 16-81T MICRO CHANNEL INTERFACE 
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III 

WD90C30 

A16 
A [23:17] 
DA [15:0] 

--
EABUF 

DIR 

EDBUFH 

EDBUFL 

RSET 
EIO 

MWR 
MRD 
lOR 
lOW 
IRQ 
BHE 
MEMCS16 
IOCS16 
ALE 
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B.6 WD90C30 INTERFACE FOR 286 OR 386 ses and SA addresses as shown in the upper half 
of Figure 18. This applies to most 286 sys
tems. Otherwise, connect LA addresses and SA 
addresses as shown in the lower half of Figure 
18. This applies to most 386 systems. 

BASED SYSTEMS 

For systems that do not meet the hold time of LA 
address valid from the falling edge of MEMR or 
MEMW, pull MD8 down and connect LA addres-

17-102 

+5V 

WD90C30 
External 

ALE 
M08 

pull down 
LA23 
LA22 A23 (CNF_11) 
LA21 I r-
LA20 

LA19/SA19 A22 
~ 

LA18/SA18 A21 

LA17/SA17 A20 

SA [19:0] A [19:0] 

SA [15:0] 244 OA [15:0] 

EABUF 

Note: M08 (CNF _11 is pulled down at power-on-reset. This configuration is recommended 
for interfacing with 8-bit and 16-bit AT buses. For an B-bit interface, A23 should be 
connected to SA [19:17) on the AT bus. For a 16-bit interface, LA [23:17) must be 
connected to generate MEMCS16. 

SA [15:0] 

ALE 

LA [23:17) 

SA16 

+5V 

WD90C30 

ALE 

A [23:17] M081-_....J 
(CNF _11) 

A16 

244 OA [15:0] 

L-------------4 EABUF 

Internal 
pull up 

Note: MOB (CNF _11) is pulled up internally at power-on-reset. This configuration is recommended 
for interface with a 16-bit AT bus only. LA {23:17] is internally latched by ALE. 

FIGURE 18. WD90C30 INTERFACE FOR 286 OR 386-BASED SYSTEMS 
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• ~ 
~ I--- ~ 
>- I- >-
.0 .0 

"'" "'" <b <b 
>---

-If '--n 
m m 
-'--- -'---

~ ~ 
.~ - ~ 

"'" "'" ..,. ..,. 
CD CD 

t---

;n -n 
I~ -- -'--

~ ~ 
>- I-< >-
.0 .0 

"'" "'" ..,. ..,. 
CD 

I-< ~ 
CD 

t---

-I -1 
I~ I~ 
.....-- .....--

~ ~ 
>- I-< >-
.0 .0 

"'" "'" ..,. ..,. 
CD f-- CD 

I~ I~ I~ 
0' 0 

I~ I~ I~ I~ I~ 0 .;; t::. M 
C") ;::. ..; ici 
U I~ 

0 :2 05 Ig 0 :2 0 ..; 
en :2 :2 
C 
3: 

FIGURE 19. TWO, FOUR OR EIGHT 64K BY 16 DRAM INTERFACE 
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I 
-
WEO 

MD [7:0] 

256K by 4 

WD90C30 :--
-

-
OE I 
-
WE1 

256K by 4 
MD [15:8] 

t--
>--

-_.-._-.-----.----.-.-----.----

MA [8:0] 

I 
-- : 
WE2 : 

256K by 4 

MD [23:16] I--
--:-

I 

- : 
RAS 256K by 4 
-
CAS -
WE3 : t--

MD [31:24] 

Optional 
, , 
----------------------------.-.---

Note: Only MD [15:0] will be used if four 25K by 4 
DRAMs are installed. . 

FIGURE 20. FOUR OR EIGHT 256K BY 4 DRAM INTERFACE 
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B.7 WD90C30 WITH RAMDAC INTERFACE 

Figure 21 illustrates the WD90C30 and RAMDAC 
(WD90C50) interface block diagram for analog 
monitors. 

so [7:0] 

SAO 
SAl 

____ ~ 0 [7:0] 

____ ~RSO 

____ ~RSl 

WPLT /----------_1 WR 
-
RPLT /-----------1 RO 

+5Vt 
'--..--'t--I vcc 

RAMDAC ~+ ...-----:::-:----'_--'-__ 1 VREF 

A~l 

WD90C30 

...--+--l\,il\fv--,..----j FSAOJ 
,~ T!Y ~ I------,--ri R .> 

-3f 
WD90C30 R2~J" ~RSET .. 1----....... ---; GNO 

"II, '--_______ -; MDET 

PCLK /-----------1 PCLK 

VIO [7:0] 1-----------1 P [7:0] CRT 

BLANK /-----------1 BLANK 

HSYNC 1--------------------1--1--+-1 HSYNC 

VSYNC VSYNC 

R I---------------------I--I-~ 

G/--------------------r-~ 
B 

FIGURE 21. WD90C30 WITH RAMDAC INTERFACE 
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WD90C30 APPENDIX B - WD90C30 INTERFACES 

B.8 WD90C30 AND TTL MONITOR 
CONNECTIONS 

• MD(1S:12) may also be connected as the 
EGA switches if desired. See PR Register 
and Pinout sections for more detail. Figure 22 illustrates the WD90C30 and TTL 

monitor connections • For AT applications using the WD90C30, 
install the IR09 resistor. 

NOTE: 
• VGAffTL switch may be used to disable 

HSYNC and VSYNC for analog or TTL 
Video connector. 

• Transistor 2N2222A is used to emulate a 
monochrome and color display connection. 

17-106 

WD90C30 

IRQ 1------------1 .. ~IRQ9 

HSYNC 1-__ "1 
VSYNC I----~I 

VID(5) I--__ ~I 
VID(4) t----~I 
VID(3) t---~. 
VID(2) t---•. 
VID(1) t----~I 
VID(O) t---•. 

TO VIDEO 
CONNECTOR 

'244 8 HSYNC 
1----------1 .... 9 VSYNC 

_--::II~ 2 SEC RED 

t-:======+===~ 6 SEC GREEN/INTENS I- 7 SEC BLUE/VIDEO 
I--------Jr------I~ 3 RED 
1--------+---.. ... 4 GREEN 
1-------+---.. ... 5 BLUE 

1 GROUND 

VGAlTTL 

FIGURE 22. WD90C30 AND TTL MONITOR CONNECTIONS 
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B.9 CLOCK INTERFACE 

Figure 23 illustrates the WD90C30 with external 
oscillators at the clock pins configured as inputs. 
The clock selection is determined by register 
3C2H Bit 3 and Bit 2 and is described by the table 
below: 

3C2H 3C2H CLOCK SELECTION 
BIT3 BIT2 
0 0 VCLKO 
0 1 VCLK1 
1 X VCLK2 

VCLKO AU 

MCLK J.'A'Av 
HV 

VCLK1 

VCLK2 
USRO 

WD90C30 

WD90C30 

The Configuration register Bit 3 (MD3) should be 
tied low to make the WD90C30 signal pins 
(VCLK1, VCLK2) inputs. 

VCLK 

MCLK 

SELE 

VSEL2 VSELO 
VSEL3 VSEL1 

IC890C63 

~ 

I---

BD2 

BD3 

FIGURE 23. CLOCK INTERFACE 

ADVANCE INFORMATION 11/7/91 17-107 

• 



WD90C30 APPENDIX C - SHADOW REGISTER IMPLEMENTATION 

C.O APPENDIX C - SHADOW REGISTER IMPLEMENTATION 
The Shadow Register has been implemented on 
some of the CRTC registers. The purpose of 
using the shadow register is to have one CRTC 
register that is writable and readable all the time 
by application programs without actually changing 
CRTC timing. The actual CRTC timing registers 
are initialized and locked while using the shadow 
register for compatibility. 

Registers are added to the following CRTC 
registers. The shadowed registers can be locked 
by writing "XXXXX1 01" to PR1 A(3?5.3DH). This 
lock overrides any other locks. Then by setting 
PR1 A Bit 3 = 1, this will select the shadow register 
for read. 

HORIZONTAL TIMING 

ADDRESS BITS LOCK DESCRIPTION 
3?5.00 7:0 Group 0 Horizontal Total 
3?5.02 7:0 Group 0 Start Horizontal Blanking 

3?5.03 4:0 Group 0 End Horizontal Blanking 
3?5.05 7 Group 0 Bit 6 of EHB 
3?5.04 7:0 Group 0 Start Horizontal Retrace 

3?5.05 4:0 Group 0 End Horizontal Retrace 
3?5.03 6:5 Group 0 Display Enable Skew 

3?5.05 6:5 Group 0 Horizontal Retrace Skew 

VERTICAL TIMING 

ADDRESS BITS LOCK DESCRIPTION 
3?5.06 7:0 Group 2 Vertical Total 
3?5.07 5,0 Group 2 Bits 9, 8 of VT 
3?5.10 7:0 Group 3 Vertical Retrace Start 
3?5.07 7,2 Group 2 Bits 9, 8 of VRS 
3?5.11 3:0 Group 3 Vertical Retrace Start 
3?5.15 7:0 Group 3 Start Vertical Blank 
3?5.07 3 Group 2 Bit 8 of SVB 

3?5.09 5 Grou(J 2 Bit 9 of SVB 

3?5.16 7:0 Grou~3 End Vertical Blank 
Note: 
Group 0: Registers will be locked if PR3(5) = 1 or 3?5.11 H bit 7 = 1 
Group 2: Registers will be locked if PR3(O) = 1 or 3?5.11 H bit 7 = 1 
Group 3: Registers will be locked if PR3(O) = 1 
Group 0, 2, 3 registers listed above will be locked if PR1 A = "xxxxx1 01 ", regardless of the contents of 
PR3. 
The Horizontal Display End and the Vertical Display End registers are not shadowed. 

TABLE 19. SHADOW REGISTER IMPLEMENTATION 
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APPENDIX D - SIGNATURE ANAL YZER 

0.0 APPENDIX 0 - SIGNATURE ANALYZER 
A signature analyzer was designed for use in the 
WD90C30. The primary purpose of the signature 
analyzer is to aid in IC test and board level test. The 
signature analyzer allows the video output path to 
be included in diagnostics. Signature analysis is a 
method of compressing large amounts of data to be 
compared. Each video frame (video data and mode 
dependent) has a unique signature capable of 
detecting single bit errors. 

D.1 DESCRIPTION 

The basis of the signature analyzer is a linear 
feedback shift register (LFSR). The inputs to the 
LFSR tap onto the VID_[0:7] output of the IC. The 
signal path of the video outputs is not modified by 
adding the signature analyzer. A block diagram is 
shown below. The primary variables in designing 
a signature analyzer are length of the shift register 
and the feedback terms to be used. The length 
will affect the probability of masking an error. The 
chance of masking an error is approximately 1/2n, 
where n is the length of the shift register. A 16-bit 
Signature register is used on the WD90C30. 
Selection of an optimal feedback polynomial will 
depend on the type of errors expected. The CRC
CCITT polynomial (X16 + X12 + x5 +1) has been 
implemented on the WD90C30. It was modified 
for multiple inputs as shown in the block diagram. 

D.2 OPERATION 

The signature analyzer was designed to collect sig
nature of the VID.J0:7] outputs over one vertical 
frame. The signal path of the VI D .J0:7] has not been 
altered. The signature analyzer register (LFSR) is 
enabled at the falling edge of the internal VSYNC 
(before polarity selection) if the start bit is high. The 
following rising edge of the VSYNC signal will dis
able the LFSR. In the case of interlaced operation, 
signature is collected from the beginning of the even 
field to the end of the odd field. The signature 
analyzer contains a 4-bit control register PR19 (ad
dress 3?5.3FH). Power-up-reset clears this register 
to OOH. This register has both read and write locks. 
The read lock originates from PR10 Bits 7 and 3. 
The write lock originates from PR10 Bits 2 through 
O. PR10 also serves as the lock for other registers. 

WD90C30 

FIGURE 24. LINEAR FEEDBACK SHIFT 
REGISTER 
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WD90C30 APPENDIX D - SIGNATURE ANAL YZER 

BIT FUNCTION READ/WRITE DESCRIPTION 
BITO StarVstatus R/W Writing "1" to this bit position enables the signa-

ture analyzer to collect a signature at the falling 
edge of the next vertical sync pulse. This bit may 
be read to check status if the read lock is dis-
abled. 
1: Busy 
0: Finished or not enabled 

BIT 1 Clear R/W Writing "0" to this bit position preloads the LFSR 
with 0001 H. This bit must be set to operate the 
signaure analyzer. 
1: Normal operation 
0: Preload LFSR 

BIT2 Disable Video R/W This bit is used in a self-test mode. A fixed signa-
input ture will be generated for any given mode (inde-

pendent of video memory data). 
1: Disable video inputs 
0: Enable video inputs 

BIT3 Lock Read R/W This bit must be set in order to read the signature 
Port and status. 

1: Enable read of LFSR (addresses 3?5.20H and 
3?5.21 H). 

0: Disable reads of LFSR 

TABLE 20. CONTROL REGISTER PR19 

The following programming steps highlight the sequence that will setup, check, and read the signature. 

Step 1) 85H-> 3?5.29H; release control register (PR10) read and write lock 

Step 2) OOH-> 3?5.3FH; clear signaure analyzer 

Step 3) 03H-> 3?5.3FH; enable signature analyzer to collect signature 

Step 4) read 3?5.3FH; check status for busy 
if LSB = 1 repeat step 4 
if LSB = 0 signature is collected, proceed to step 5 

Step 5) OAH-> 3?5.3FH; enable signature analyzer read port 

Step 6) read 3?5.20H; read low byte of signature 

Step 7) read 3?5.21 H; read high byte of signature 

Step 8) OOH-> 3?5.3FH; clear signaure analyzer and lock read port. 
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E.O APPENDIX E - I/O MAPPING 
E.1 INTRODUCTION 

The I/O Mapping was designed for use in the 
WD90C30 to isolate board level solder defects. 
The 1/0 Mapping allows the IC to enter a test 
mode where all of pins in the IC are divided into 
various groups as inputs and output. The path 
from PCB trace through inputs, IC, output and 
PCB trace can be treated as a simple path. With 
test points on board, test for opens and shorts can 
be performed quickly. 

E.2 TEST MODE 

There are four requirements to meet for the 
WD90C30 to enter the 1/0 mapping test mode. 

• MWR is LOW 
• lOR is LOW 
• CONFIGURATION SWITCH 2 is HIGH 

(MD2 is pulled high) 
• RESET is HIGH 

WD90C30 

If both MWR and lOR are low at the same time, it 
becomes an illegal condition in AT machines and 
a reserved condition in the PS/2 machines. Con
figuration switch 2 high will ensure that WD90C30 
is in AT mode. Reset controls a transparent latch 
as shown in Figure 25. Reset can be dropped low 
to latch the test mode. All the bidirectional pins 
are forced to input mode when in the test mode. 

E.3 PIN GROUPINGS 

The following pin groupings are done to minimize 
routing overhead of 1/0 pin mapping. Multiple 
input pins in a row are ORed together to the out
put shown in the following table. The input column 
lists the input pin number(s) along with the signal 
name(s). The output column lists the output pin 
number along with the pin name that corresponds 
to the input pin(s). 

MWR -----l,. 
lOR __ --I b-------I D 

OST 

CNFN_2 ---I 

RESET 

FIGURE 25. TEST MODE CIRCUIT 
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WD90C30 APPENDIX E - 110 MAPPING 

INPUT PINS OUTPUT PINS 

PIN NAME PIN NAME 
P1 MDET P123 VID4 
P4 MCLK P124 VID5 
P8 MD31 P125 VID6 
P9 MD30 P126 VID7 
P10 + P13 MD29 + MD26 P2 USR1 
P11 + P14 MD28 + MD25 P3 USRO 
P12 MD27 P7 WE3 
P15 MD24 P6 OE 
P19 + P24 + P31 MD23 + MD18 + MD15 P27 RAS4 
P20 MD22 P16 WE2 
P21 + P25 + P32 MD21 + MD17 + MD14 P28 RAS3 
P22 + P26 + P33 MD20 + MD16 + MD13 P30 WE1 

P23 + P34 + P43 MD19 + MD12 + MD6 P39 RAS 
P35 + P38 MD11 + MD8 P52 WEO 
P36 + P41 MD10 + CAS P53 MAO 
P37 + P42 +P46 MD9 + MD7 + MD3 P54 MA1 
P44 + P47 MD5 + MD2 P55 MA2 
P45 + P49 MD4 + MDO P56 MA3 
P48 + P62 MD1 + A17 P57 MA4 
P63 + P68 A18 +A22 P59 MA6 
P64 + P69 + P72 A19 + A23 + BHE P58 MA5 
P65 A20 P60 MA7 
P66 + P73 + P86 A21 + ALE + ROM16 P61 MA8 
P70 + P77 + P80 IOCS16 + lOW + P74 IRQ 

RESET 

P90 + P93 + P95 DA15 + DA12 + DA10 P71 MEMCS16 
P79 + P89 + MWR +A16 
P75 + P78 + P88 EM EM + MRD + P82 IOCHRDY 

EDBUFH 
P85 + P92 EIO + DA13 P81 OWS 
P91 + P94 DA14 + DA11 P87 EBROM 

P76 + P77 lOR + lOW P100 DIR** 

P96 + P101 DA9 + DA7 P115 RPLT 
P97 + P102 DA8 + DA6 P114 WPLT 
P98 + P103 EABUF + DA5 P113 HTL 
P104 + P109 DA4 + EDBUFL P112 BLANK 
P105 + P107 DA3 + DA1 P110 VSYNC 
P106+P108 DA2 + DAO P111 HSYNC 
Note: 
A "+" in the input column indicates an OR function for the test input pins only. 
** This mapping for DIR output is valid only durinQ RESET HIGH. 

TABLE 21. WD90C30 PIN SCAN MAP FOR 132-PIN PACKAGE 
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INPUT PINS OUTPUT PINS • PIN NAME PIN NAME 

P128 VCLKO P118 PLCK 

P129 VCLK1 P119 VIDO 

P130 VCLK2 P120 VID1 

P131 EXPCLK P121 VID2 

P132 EXVID P122 VID3 

TABLE 21. WD90C30 PIN SCAN MAP FOR 132-PIN PACKAGE (Cont.) 

Refer to Table 3 for the comparable pin number for a 144-pin package. 
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FIGURE 26. WD90C30 PIN SCAN MAP FOR A 132-PIN PACKAGE 
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F.O APPENDIX - F 
The WD90C30 design is based on the popular 
WD90C11 design. Please refer to the WD90C11 
data sheet for more informaton. This appendix 
highlights the major differences between the two 
devices. 

F.1 REGISTER DIFFERENCES BETWEEN 
WD90C30 AND WD90C11 

PR30 Write Buffer and FIFO Control Register, 
Read/Write Port = 3C5H, Index = 10H 

The register also exists in WD90C11. In the 
WD90C30 chip, the definition of this register is the 
same except for Bits 7, 6, 5, and 3. All bits are 
reset to zero at Power-an-Reset (PaR). 

WD90C30 - FEATURES 

· Multiplexed CPU address and data 

· Programmable CPU address decoding to 
map VGA anywhere in the CPU address 
space. 

· 16-bit or 32-bit video memory interface 

· Support for 1 Mbyte of memory 

· Support for four or eight 256K by 4 DRAM 

· 1024 by 768 resolution in 256 colors 

· Four levels of CPU write cache 

· 11-bit vertical counter 

· Support for 6 to 16 pixel-wide fonts 

· Support for two, four or eight 64K by 16 
DRAMs 

· Zero wait state generation 

· CRTC shadow registers 

· Video output signature and pin mapping for 
system level testing 

WD90C30 

Bit (7:6) 

BIT VALUE FUNCTION 

7-6 00 One-level write buffer 

7-6 01 Two-level write buffer 
7-6 10 Three-level write 

buffer 
7-6 11 Four-level write buffer 

NOTE: Write buffer is turned on by setting PR31 
(3C5H INDEX 11 H) Bit 2 = 1. Otherwise, these 
two bits have no effect. 

WD90C11 - FEATURES 

· Separated CPU address and data buses. 

· Fixed CPU address decoding (OAOOO -
OBFFF) 

· 8 or 16-bit video memory interface 

· Support for 512 Kbytes of memory 

· Support for two or four 256K by 4 DRAMs 

• 800 by 600 resolution in 256 colors 

· One level of CPU write cache 

· 10-bit vertical counter 

· Support for 6 to 8 pixel-wide fonts 

TABLE 22. WD90C30 FEATURES / WD90C11 FEATURES 
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Bit 5 

BIT VALUE 

5 0 

5 1 

Bit 4 

BIT VALUE 

4 0 

4 1 

Bit 3 

BIT VALUE 

3 0 

3 1 

Bit 2 

BIT VALUE 

2 0 

2 1 

Bits (1 :0) 

BIT VALUE 

1-0 00 

1-0 01 

1-0 10 

1-0 11 

17-116 

FUNCTION 

32-bit display 
memory interface. 

16-bit display 
memory interface. 

FUNCTION 

Enable word transfer 
in planar modes. 

Disable word transfer 
in planar modes. 

FUNCTION 

8-Level or 4-level 
screen refresh FIFO, 
dependinQ on Bit 2. 

2-level screen refresh 
FIFO regardless of bit 
2. 

FUNCTION 

8-level screen refresh 
FIFO. 
4-level screen refresh 
FIFO. 

FUNCTION 

Generate FIFO re-
quest when FIFO is 
one level empty. 

Generate FIFO re-
quest when FIFO is 
two levels empty. 

Generate FIFO re-
quest when FIFO is 
three levels empty. 

Generate FIFO re-
quest when FIFO is 
four levels empty. 

APPENDIX-F 

F.2 PR33 DRAM TIMING AND ZERO WAIT 
STATE CONTROL REGISTER, READI 
WRITE PORT = 3C5H, INDEX = 13H 

This is a new register in the WD90C30. 

Bits (7:S) 

BIT7 

0 

0 

1 

1 

Bit 5 

Reserved 

Bits (4:3) 

BIT 

4-3 

4-3 

4-3 

4-3 

BITS 

0 

1 

0 

1 

VALUE 

00 

01 

10 

11 

FUNCTION 

OWS = 0 if the inter-
nal write cache is 
ready. 

OWS = 0 if the inter" 
nal write cache is 
ready AND memory 
address is decoded. 
OWS = 0 if the inter-
nal write buffer is 
ready AND memory 
address is decoded 
AND MWR=O. 

OWS = 0 if the condi-
tion "1, 0" is true OR 
110 address is 
decoded. 

FUNCTION 

CAS cycle is 2 
Mclocks. 
CAS low is 1 Mclock 
+ (4-7) ns. 
CAS high is 1 Mclock 
- (4-7) ns. 

CAS cycle is 2 
Mclocks. 
CAS low is 1 Mclock 
+ (8-14) ns. 
CAS high is 1 Mclock 
- (8-14) ns. 

CAS cycle is 2 
Mclocks. 
CAS low is 1 .5 
Mclocks. 
CAS high is 0.5 
Mclocks. 

Reserved. 
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Bit 2 

BIT VALUE FUNCTION 

2 0 CAS cycle starts 3 
Mclocks after RAS 
low. 

2 1 CAS cycle starts 2 
Mciocks after RAS 
low. 

Bits (1 :0) 

BIT VALUE FUNCTION 

1-0 00 RAS high is two and 
half Mclocks plus a 4-
7 ns delay. 

1-0 01 RAS high is three 
Mclocks wide. 

1-0 10 RAS high is two 
Mciocks wide. 

1-0 11 RAS high is two and 
a half Mclocks. 

F.3 PR34 VIDEO MEMORY MAPPING 
REGISTER, READIWRITE PORT = 3C5H, 
INDEX = 14H 

Bits (7:0) 

BITS FUNCTION 

7-4 Reserved. 
3-0 The contents of these four bits are 

compared with the CPU address 
A_[23:20] as part of the video 
memory address decoding. This 
will allow the VGA to be mapped 
out of the lowest 1 Mbyte of CPU 
memory space. This register will 
not affect the ROM16 decoding. 
ROM16 will still decode at 
A J23:20j = OH. 

WD90C30 

F.4 PR1 MEMORY SIZE REGISTER, 
READIWRITE PORT = 3CFH, 
INDEX =OBH 

Bits (7:6) 

BIT VALUE FUNCTION 

7-6 00 Same as 1C.IBM 256 
Kbyte VGA. 

7-6 01 Same as 1 C.256 
Kbyte Paradise VGA. 

7-6 10 Same as 1C.512 
Kbyte Paradise VGA. 

7-6 11 1024 Kbyte Paradise 
VGA. 

Bits (5:4) 

BIT VALUE FUNCTION 

5-4 00 IBM memory mapping. 
Decode memory ad-
dress range is from 
AOOOOH - BFFFFH 
depending on register 
Bits 3 and 2 (3CFH 
Index 06H). 

5-4 01 Decode memory ad-
dress range from 
OOOOOH - 3FFFFH 
(256K total). 

5-4 10 Decode memory ad-
dress range from 
OOOOH - 7FFFFH 
(512K total). 

5-4 11 Decode memory ad-
dress range from 
OOOOOH - FFFFFH 

J1 M total). 

Bits (3:0) 

BITS FUNCTION 

3 Enable Alternate Address Offset 
Register PROB. 

2 16-Bit Video Memory. 

1 ROM Data Width. 

0 BIOS ROM Map Out. 
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Bit 3 

Enable Alternate address Offset Register PROB 

Bit 2 

Enable 16-bit bus for Video Memory. When set to 
1, MEMCS16 is asserted for all video memory 
cycles. 

Bit 1 

0= BIOS ROM has an 8-bit data path. 

1 = BIOS ROM has a 16-bit data path from 
COOO:OH - OFFF:FH, if bit 0= O. (ROM16 
responds to· ROM access). 

A pull-down resistor on MO(10) sets this bit to 1 
after power-on-reset. This bit can also be set to 1 
by an I/O write to PR1 register if CNF(1) = 1 (2 
ROMs). 

Bit 0 

If set to 1 the BIOS ROM is mapped out. Pull-up 
resistor latches bit a after power-up. A pull-up on 
MO(O) sets this bit to Oat power-on-reset. 

F.5 PR22 SCRATCH PAD REGISTER, 
READIWRITE PORT = 3C5H, INDEX = 8H 

This is a new register in the WD90C30. 

Bits (7:0) 

Scratch Bits 

F.6 PR23 SCRATCH PAD REGISTER, 
READIWRITE PORT = 3C5H, INDEX = 9H 

This is a new register in the WD90C30. 

Bits (7:0) 

Scratch Bits 

F.7 PROA AND PROB ADDRESS OFFSET 
REGISTERS, READIWRITE PORT = 3CFH, 
INDEX = 09H AND OAH 

APPENDIX-F 

Bit 7 

This bit is the 7th memory address offset bit. 

Bits (6:0) 

Primary/Alternate Address Offset Bits. 

The WD90C30 is capable of controlling up to 512 
Kbytes of display memory. However, DOS only 
assigns 128 Kbytes of total memory space for the 
display memory, starting at AOOOOH and ending at 
BFFFFH. For VGA to reach the memory beyond 
this range, the WD90C30 has two CPU address 
offset registers, PROA and PROB. These 
registers can be used to support more than 128 
Kbytes of linear display memory address space. 

The Contents of PROA (bits 6:0) or PROB (bits 
6:0) are always added to the CPU address 
A(18:12) before they are translated to display 
memory address. This is similar to the segment 
registers OS and ES in the 8088/80X86 architec
ture. PROA and PROB provide a 4 Kbyte seg
mentation of the display memory. Increment 
PROA or PROB by one of its equivalents to jump 
a 4 Kbyte segment to another 4 Kbyte segment of 
the display memory. 

Both PROA and PROB are set to zero at power
on-reset. 

There are two ways to control whether PROA or 
PROB get added into the CPU address. 

1. Sequencer Extention Register 3C5H Index 
11Hbit7=0. 

PROA is the primary offset register being added 
to the CPU address. PR1, bit 3 enables PROB 
which becomes the secondary offset register. 

If Graphics Controller Index 6H bits 3:2 = 00, 
AOOO:OH for 128K, and PR1 bit 3 = 1, then PROA 
offsets the CPU address from BOOO:OH to 
BFFF:FH while PROB offsets the CPU address 
from AOOO:OH to AFFF:FH. 

If Graphics Controller Index 6H, bits 3:2 = 01 
(AOOO:OH for 64K), and PR1 bit 3 = 1, then PROA 
offsets the CPU address' from A800:0H to 
AFFF:FH, while PROB offsets the CPU address 
from AOOO:OH - A7FF:FH. 
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2. Sequencer Extention Register 3C5H Index 
11H bit 7 = 1. 

Both PROA and PROB are enabled. PROA is 
selected as the offset register unless a CPU 
memory write selects PROB as the offset register. 

F.8 PR17 MISCELLANEOUS CONTROL 
REGISTER, READIWRITE 
PORT = 3?5H, INDEX = 30H 

Bits (7:6) 

Reserved. 

Bit 5 

BIT 

5 
5 

Bit 4 

BIT 

4 
4 

Bits (3:0) 

BITS 

3 
2 
1 
0 

Bit 3 

VALUE FUNCTION 

0 No effect. 
1 In text mode, if PR2 

Bits 2 and 3 = 11, 
then the 1 O-dot font is 
selected. Otherwise, 
it has no effect. 

VALUE FUNCTION 

0 No effect. 
1 PCLK is divided by 

two. 

FUNCTION 

Map Out 4K BIOS ROM 
Enable 64K BIOS ROM 
Hercules Comjlatibility 
Map Out 2K of BIOS ROM. 

Map out 4K of BIOS ROM. 

Setting this bit to 1 disables access to the BIOS 
ROM in the system address range C600:0H -
C6FF:FH. 

Power on reset sets this bit to o. 

WD90C30 

Bit 2 

Enable 64K BIOS ROM. 

Setting this bit to 1 enables access to the BIOS 
ROM in the system range COOO:OH - CFFF:FH. 

Power on reset sets this bit to o. 

Bit 1 

Setting this bit to 1 locks Hercules compatibility 
register (I/O Port 3BFH). 

Power on reset sets this bit to o. 

Bit 0 

Map out 2K of BIOS ROM. 

Setting this bit to 1 disables access to the BIOS 
ROM in the system address range C600:0H -
C67F:FH. 

Power on reset sets this bit to o. 

F.9 PR18 VERTICAL TIMING OVERFLOW 
REGISTER, READIWRITE 
PORT = 3?5H, INDEX = 3EH 

Bits (7:0) 

BITS FUNCTION 

7:5 Reserved 
4 Line compare Bit 10. 
3 Start vertical blank Bit 10. 
2 Start vertical retrace Bit 10. 
1 Vertical disolay enable end Bit 10. 
0 Vertical total Bit 10. 
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F.10 WD90C30 - NEW CONFIGURATION BITS 

The WD90C30 provides three new bits in addition 
to the configuration bits that are standard with the 
WD90C11. The following configuration bits are set 
during power-on-reset. A pull-down resistor on the 
corresponding MD bits will cause a configuration 
bit to be set low. Otherwise, configuration bits are 
high. 

APPENDIX-F 

Configuration Bit 18 

0= The ROM16 pin is an input. ROM16 
becomes EXBLANK. 

1 = The ROM16 pin is an output pin. 

Configuration Bit 16 
0= 64K by 16 DRAM 

1 = 256K by 4 or 256K by 16 DRAM 
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PACKAGE DIMENSIONS WD90C30 

G.O PACKAGE DIMENSIONS 
Figure 27 illustrates the 132-pin JEDEC package 
showing the dimensions in inches. Figure 28 iI-

lustraes the 144-pin EIAJ package showing the 
dimensions in millimeteres and inches. 

1,100 ~ ,003 ------1 

,----- ,950 : ,003 -----0/ 

----- 1.080 7 ,005 ------1 

='-'T-'-'A"-I - .550 

OPTION· A· 

,025 TYP 

,010 : ,002 § 

.140 :'" ,005 

Detail of the bumper with the 
lead already cut and formed. 

Lead configuration 
after cut & forming 

ffi.014 MAX 

~'068MIN 
,025MI~1I 

.... lo- .0081.010 

OPTION· C· 

OPTION· B . 

FIGURE 27. 132-PIN JEDEC PACKAGE 
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6 

12 

18 

24 

30 

36 

144 

0" 

T 

1.60 REF. 
.062 REF. 

17-122 

140 134 128 116 

PIN #1 JD 

42 48 54 SO 65 

D4 

D5 

D6 

.950 max. .650 min. 

. 037 max. .026 min. 

DETAIL "A" 
Scale None 

110 

103 

97 

91 D1 

85 

79 

-73 

712 

01 22.75 REF. 
.896 REF. 

D2 D3 

02 27.90 min. 28.10 max. 
1.098 min. 1.106 max. 

03 30.95 min. 31.45 max. 
1.218 min. 1.238 max. 

04~ 
.896 REF. 

05 27.90 min. 28.10 max . 
1.098 min. 1.106 max. 

06 30.95 min. 31.45 max. 
1.218 min. 1.238 max. 

PACKAGE DIMENSIONS 

SEATING 
PLANE 

'-SEE DETAIL "A" 

.220 min .. 380 max. 
--[::'.JlOgiiiln .. 015 max. 

5' • 16' 5' • 16' 

3.17 min. 
.125 min. 

SIDE VIEW 

NOTE 
The dimensions are shown as 

millimeters 
inches 

Scale None 

FIGURE 28. 144·PIN EIAJ PACKAGE 
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7.3.3 Horizontal Display Enable End Register, ReadlWrite 
Port = 3?5H, Index 01 H 18-42 
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7.3.12 Cursor Start Register, ReadlWrite Port = 3?5H, Index = OAH 18-45 
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Index = 12H 18-48 
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7.5.2 Palette Registers, Read Port = 3C1 H, Write Port = 3COH, 
Index OO-OFH 18-58 
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7.5.5 Color Plane Enable Register, Read Port = 3C1 H, 
Write Port = 3COH, Index = 12H 18-59 
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7.6.3 Enable Mode Register 3B8H 18-62 
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7.6.9 AT&T/M24 Register, Write Only Port = 3DEH 18-65 
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INTRODUCTION 

1.0 INTRODUCTION 
The WD90C31 VGA Controller is a 0.9 micron 
CMOS VLSI device that allows the design of a 
VGA graphics subsystem to interface with either 
the PC/XT/AT bus or the IBM Micro Channel bus, 
while maintaining backward compatibility with pre
vious video standards such as MDA, EGA, CGA, 
Hercules and AT&T 6300. A major advantage of 
the WD90C31 is that designs implementing this 
graphics controller are able to run applications re
quiring VGA hardware and 810S compatibility and 
also EGA register level compatibility on analog, 
TTL, or multifrequency monitors, in interlace or 
non-interlace mode. The WD90C31 supports high 
resolution graphics with 1024 by 768 dot resolu
tion and 256 colors. The WD90C31 also supports 
132-column text mode and 6-16 pixel fonts. 

This document supplies a functional overview, 
signal pin details, a block diagram, internal 
register descriptions, AC/DC characteristics, 
timing diagrams, VLSI package information and 
associated references. 

1.1 FEATURES 

• Provides single chip video graphics solution for 
IBM AT and PS/2 compatible systems. 

• Supports two, four or eight 64 Kbyte by 16 
DRAMs; four or eight 256 Kbyte by 4 DRAMs; 
and one or two 256 Kbyte by 16 DRAMs. 

• Pin compatible with the WD90C30. 
• 100% hardware compatible with 18M's VGA and 

EGA with hidden register support. 

• 100% CGA, MDA, Hercules Graphics and AT&T 
Model 6300 compatible. 

• Supports all IBM VGA modes with two 64K by 16 
DRAMs or only one 256K by 16 DRAM. 

• With more DRAMS installed it can support 256 
colors at the following resolutions: 640 by 400, 
640 by 480, 800 by 600 and 1 024 by 768. 

• Supports 132-column text. 
• Write buffer for zero wait state CPU write 

performance. 
• 8-bit or 16-bit data bus for I/O and memory. True 

16-bit CPU to video memory transfer for all 
modes. 

• Provides 16-bit or 32-bit memory interface with 
fast page operations. 

• Up to 80 MHz maximum video clock rate. 
• Up to 50 MHz maximum memory clock rate. 

WD90C31 

• Up to four simultaneous displayable fonts. • 
• 6-16 pixel-wide fonts. : 
• A maximum of 16 fonts can be loaded. 
• Provides adapter video 810S ROM decoding. 
• Eleven-bit vertical counter to support scan 

resolution of up to 2048 scan lines. 

• Special double scanning and underline. 
• Special display enable or blanking output signal. 
• Special border disable. 
• Lockable palette, RAMDAC and overscan 

registers. 

• Special CRTC shadow registers for support of 
non-standard monitors. 

• Special register locking for flat panel applications. 
• Supports 16-bit I/O register transfer to index/data 

register pairs. 
• Adjustable internal FIFO and fast page memory 

interface. 
• Low power 0.9 micron CMOS technology. 
• 132-pin JEDEC (Joint Electronic Device 

Engineering Council) PQFP (Plastic Quad Flat 
Package). 

• 144-pin EIAJ (Electrical Industry Association of 
Japan) MQFP (Metric Quad Flat Package). 

• Integrated Feature connector interface and 
external RAMDACsupport. 

• Integrated bus interface for PC/XT/AT and Micro 
Channel with minimum external component 
support. 

• Programmable memory mapping register to map 
WD90C31 into any CPU memory address space. 

• Eight-bit CPU address offset register to support 1 
Mbyte memory segmentation. 

• A full-function VGA controller optimized for 
windows. 

• Hardware Cursor. 
• Up to 64 by 64 pixels. 
• Inversion and transparency. 
• Two color and three color modes. 
• Hardware 81T8LT. 
• Raster operations. 
• Transparency. 
• Color expansion for text support. 
• Rectangular and linear addressing. 

• Filled rectangles. 
• Transfers to and from the Host. 
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1.2 GENERAL DESCRIPTION 
This document describes the WD90C31 VGA 
controller specifically designed for the Microsoft 
Windows marketplace. The WD90C31 incor
porates numerous advanced features that Win
dows drivers may take advantage of for increased 
performance. 

The WD90C31 is fully compatible with the 
WD90C30 making it possible to utilize the addi
tional features of the WD90C31 by only upgrading 
the BIOS and software drivers. 

1.2.1 Hardware Cursor 

The WD90C31 "SUpports a hardware cursor with a 
user-defined pattern of up to 64 by 64 pixels at 
two bits per pixel. The cursor pattern is stored in 
off-screen display memory. A programmable 
origin is provided, and cursors may be displayed 
with any two or three desired colors. 

INTRODUCTION 

1.2.2 Hardware BITBl T 

The WD90C31 provides hardware accelerated Bit 
Block Transfers (BITBLT) of data between regions 
of display memory, or between display memory 
and a fixed I/O port. Display memory regions may 
be rectangular or linear. 

The BITBLT hardware supports text modes as 
well as monochrome, 4-bit (16-color) and 8-bit 
(256 color) modes. 

A full complement of raster operations and 
transparency are available, as well as 8 by 8 color 
patterns. Color expansion, useful for accelerating 
text modes is supported. Plane masking is also 
supported. 
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2.0 WD90C31 ARCHITECTURE 
The WD90C31 contains six major internal 
modules, the CRT Controller, the Sequencer, the 
Graphics Controller, Hardware Cursor Controller, 
BITBLT Controller and the Attribute Controller. 
The WD90C31 also has four major interfaces: the 
CPU and BIOS ROM interface, the DRAM Display 
Buffer interface, the Video and RAMDAC inter
face, and the Clock interface. 

An internal four-level write buffer is used to 
achieve fast memory write. A zero wait state may 
be achieved with a 32-bit video memory interface 
for most memory write operations. 

An internal FIFO is used to achieve the video dis
play bandwidth necessary to interleave CPU ac
cesses and display refresh cycles. 

The CRT Controller module maintains screen 
refresh functions for the various display modes 
defined by the BIOS ROM resident firmware. The 
CRT Controller module also generates a horizon
tal sync (HSYNC), vertical sync (VSYNC) and 
blanking signal for the display monitor. 

The Sequencer functions as a timing generator for 
the display memory cycles. It provides the charac-

WD90C31 

WD90C31 

ter clock in the alphanumeric mode and the dot 
clock in the graphics mode. The sequencer ar
bitrates between video display refresh, memory 
refresh and CPU access of the video memory. 
The sequencer also provides write buffer control. 

The Graphics Controller manipulates the data flow 
between the CPU and the video memory for both 
CPU write and CPU read cycles. 

The Attribute Controller serializes the video 
memory data into video data stream according to 
different display formats. It controls blinking, un
derlining, cursor, pixel panning, reverse video and 
background or foreground color in all display 
modes. 

The Hardware Cursor Controller reads in each 
line of the cursor pattern during the horizontal 
retrace immediately preceding the scan line on 
which that line of the cursor pattern is to be dis
played. It then merges the cursor pattern into the 
video stream for the scan line. 

The BITBLT Controller generates addresses and 
data for BITBLT operations, including pattern, rec
tanlge and system-to-display memory operation. 

I 
I 
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INTERFACE 

- - - - - - - - - - - - VIDEO 
: BITBLT : : DRAM : MEMORY 
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ROM 
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FIGURE 2-1. SYSTEM BLOCK DIAGRAM 
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3.0 WD90C31 INTERFACES 
3.1 CPU AND BIOS ROM INTERFACE 

The WD90C31 is designed to operate in both the 
AT Bus and the PS/2 Micro Channel Bus architec
ture configurations. The selection of the mode 
depends on the setting of the Configuration 
Register bit CNF(2}, which is determined upon 
power-up/reset and is described in Section 7.10, 
WD90C31 Configuration Register Bits CNF(18:0}. 

Whether configured for AT or Micro Channel 
operation, the WD90C31 operates functionally in 
a manner conducive to AT or Micro Channel inter
facing. The signal pins, memory maps and I/O 
ports all operate to optimize this interface with 
minimal external circuitry. 

The WD90C31 provides all the signals and 
decodes all the necessary memory and 110 ad
dresses to interface with the AT bus or the Micro 
Channel bus in 8-bit or 16-bit data path modes. 
WD90C31 also provides the necessary decoding 
of the adapter video BIOS ROM. Using the 
provided signals, it is possible to implement 
designs which operate in 8-bit or 16-bit mode and 
control an 8-bit or 16-bit BIOS ROM. 

The 110 data path can be programmed to be 
either 16-bit or 8-bit. The CPU to display buffer 
data path can also be eight or sixteen bits wide 
for all modes. ROM16, IOCS16, and MEMCS16 
signals are generated by the WD90C31 to indi
cate a 16-bit operation. 

The WD90C31 has a display memory write buffer 
which holds the CPU write data until it can be 
transferred to the display memory, allowing the 
CPU to continue. This feature greatly reduces 
CPU wait states while writing to the video 
memory. 

The WD90C31 provides the necessary wait states 
for CPU accesses to the video memory if neces
sary. Wait states for I/O accesses and BIOS ROM 
accesses are not generated. 

Special 110 ports such as 46E8H for the AT (or 
03C3H for Micro Channel) for setup and 102H for 
VGA enable, have been implemented internally in 
the WD90C31. 

WD90C31 INTERFACES 

3.2 DRAM INTERFACE 

The WD90C31 has a very flexible DRAM inter
face. It can work with two, four, or eight 64K by 16 
DRAMs with a 32-bit memory interface. It can also 
work with four 256 Kbyte by 4 DRAMs and one 
256 Kbyte by 16 DRAM with a 16-bit memory 
interface. Other possible configurations are eight 
256 Kbyte by 4 DRAMS or two 256Kbyte by 16 
DRAMS with a 32-bit memory interface. In all 
cases the WD90C31 uses the DRAM fast page 
mode to optimize performance. 

The WD90C31 can support all standard IBM VGA 
modes with only two 64K by 16 DRAMs. Because 
it uses a 32-bit memory interface and has internal 
write buffer, the WD90C31 can update the video 
memory without inserting wait states to the AT bus 
for most standard IBM VGA modes. 

When additional DRAMs are installed the 
WD90C31 is capable of supporting high resolu
tion color video modes (1024 by 768 wiih 256 
colors, non-interlaced at 72 Hz vertical refresh 
rate). 

The WD90C31 is designed to support 60 ns, 70 
ns, 80 ns and 100 ns DRAMs with the dedicated 
MCLOCK which can operate from 32 MHz to 50 
MHz maximum. 

The WD90C31 generates fast page DRAM timing 
for all BITBLT, cursor and CPU accesses, 
graphics display and text display. A choice of 
page mode and non-page mode operation is 
provided to access fonts in text modes. 

The WD90C31 also generates CAS before RAS 
DRAM refresh for the display memory. 

3.3 VIDEO INTERFACE 

The WD90C31 is optimized to connect to an 
analog CRT monitor through a RAMDAC but it 
may also be used to drive other types of displays, 
such as TTL monitors. In interfacing to an analog 
monitor through an external RAMDAC, the 
WD90C31 provides all the necessary signals to 
interface to the video RAMDAC. 

The video interface for a CRT is very dependent 
on the CRT requirements and the resolution and 
depth (bits/pixels) of the image desired. New 
monitors such as multifrequency monitors, are less 
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stringent because of the many sync frequencies 
available. The WD90C31 can be programmed to 
directly generate all the CRT signals for up to 
eight bits/pixel (256 color) displays. 

The Micro Channel Auxiliary Video Connector and 
the AT Feature Connector can be connected 
directly to the WD90C31. The WD90C31 also 
provides an input for a monitor type detection in
terface as done on the IBM VGA using com
parators. 

3.4 CLOCK INTERFACE 

The WD90C31 has four clock input signals, 
Memory Clock, MCLK, which drives the DRAM 
and bus interface timing, and the three Video 
Clocks, VCLKO, VCLK1, and VCLK2, which drive 
the video timing. VCLK1 and VCLK2 can also be 
programmed as outputs to provide the option to 
externally control a multiplexer that supplies the 
video clock. MCLK can also be selected as a 
memory clock or video clock. 

WD90C31 

3.5 WD90C31 POWER-UP CONFIGURATION 

The WD90C31 uses the memory data pins to 
configure an internal configuration register upon .. 
power-up-reset. CNF(2) determines whether the : 
WD90C31 will operate in AT or Micro Channel 
Architecture (MCA) implementation. Other CNF 
bits configured by the WD90C31 at power-up
reset are used as status bits or for clock source 
control. For more information on WD90C31 
power-up configuration, refer to Section 7.10, 
Configuration Bits. 

ADVANCE INFORMATION 11125/91 18-5 



..... 
co 
m 

):. 
0 
~ 
~ 
III 

~ 
~ 
~ 
:::! 
~ 
~ 
~ ..... 

IE 

!! 
C) 
c: 
:xl m 
(0) 
I ..... 
:e c 
CO c 
0 
(0) ..... 
I:D 
I"'" 
0 
0 

" c 
); 
C) 
:xl » 
i: 

CPU H 

CP 
and 

ROM16 
I/OCS16 

MEMCS16 

AT Bus/Micro Channel ~ CPU Commands 
Command Decode 

gh Order Address 
Memory Decode 

~ 110 Decode 

EBROM 
ROM Decode 

J Address 
Data CPU DATA DATA 

TRANSFER CACHE 

J 

Addr VIDEO Addr 
~ Latch MEMORY Cache 

ADDRESS 
TRANSLATION 

SEGMENTATION 

I---

1/0 CHRDY, OWS 

GRCNT 

Memory Read 
Datal 

Manipulalion 

Memory Write 
Datal 

Manipulation 

CRTC 
.---.----------------------------

Screen , __ 
Refresh 
Counter Memory 

Address 
Mux 

Font , ___ 
Address 

Row I CRT 
Scan Timing 

--+----------}-----------; 

Dot Clock 
Generation 

FIFO ShiIV 
Load Control 

Memory Bus 
Arbitration 

Memory Timing 
Generation 

Write Cache 
Control 

SEQUENCER 

Attribute Pixel Data 

Controller 

Screen ........ Refresh 
FIFO 

MD[31:0] 

MA[8:0] 

----
RAS/CAS/OElWE 

Sync, Blank 

To RAMDAC 

To Display Memory 

To CRT 

~ 
~ 
D ..... 

~ 

~ 
~ 
ril 
lJ 
~ 
C) 

rn 



SIGNAL DESCRIPTION WD90C31 

4.0 SIGNAL DESCRIPTION 
Table 4-1 provides a list of pin assignments for the 
132-pin JEDEC package. Table 4-2 provides a 
list of pin assignments for the 144-pin EIAJ pack
age. Table 4-3 provides a description of the sig-

JEDEC and EIAJ pins are identified. The : 
nals controlled by the WD90C31, and both the. 

WD90C31 mnemonics are used. 

17 125 117 

116 

lOB 

100 

92 

B4 

51 59 67 75 B3 

FIGURE 4-1. 132-PIN JEDEC PACKAGE 

144 140 134 12B 122 116 110 

0" 109 

PIN #1 ID 

6 103 

12 97 

lB 91 

24 85 

30 79 

36 73 

37 42 48 54 60 66 72 

FIGURE 4-2. 144-PIN EIAJ PACKAGE 
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WD90C31 SIGNAL DESCRIPTION 

PIN SYMBOL PIN SYMBOL PIN SYMBOL PIN SYMBOL 

1 MDET 34 MD12 67 VSS 100 DIR 

2 USR1 35 MD11 68 A22 101 DA7 

3 USRO 36 MD10 69 A23 102 DA6 

4 MCLK 37 MD9 70 IOCS16 103 DA5 
(CDSETUP) 

5 VSS 38 MD8 71 MEMCS16 104 DA4 
(CDDS16) 

6 OE 39 RAS 72 BHE 105 DA3 

7 WE3 40 VSS 73 ALE 106 DA2 

8 MD31 41 CAS 74 IRQ(IRQ) 107 DA1 

9 MD30 42 MD7 75 EMEM 108 DAO 

10 MD29 43 MD6 76 IOR(S1) 109 EDBUFL 

11 MD28 44 MD5 77 IOW(CMD) 110 VSYNC 

12 MD27 45 MD4 78 MRD(MIIO) 111 HSYNC 

13 MD26 46 MD3 79 MWR(SO) 112 BLANK 

14 MD25 47 MD2 80 RESET 113 HTL 

15 MD24 48 MD1 81 OWS 114 WPLT 

16 WE2 49 MDO 82 IOCHRDY 115 RPLT 

17 VSS 50 VCC 83 VSS 116 VCC 

18 VCC 51 VSS 84 VCC 117 VSS 

19 MD23 52 WEO 85 EIO(3C3BO) 118 PCLK 

20 MD22 53 MAO 86 ROM16(CSFB) 119 VIDO 

21 MD21 54 MA1 87 EBROM 120 VID1 

22 MD20 55 MA2 88 EDBUFH 121 VID2 

23 MD19 56 MA3 89 A16 122 VID3 

24 MD18 57 MA4 90 DA15 123 VID4 

25 MD17 58 MA5 91 DA14 124 VID5 

26 MD16 59 MA6 92 DA13 125 VID6 

27 RAS4 60 MA7 93 DA12 126 VID7 

28 RAS3 61 MA8/RAS2 94 DA11 127 VSS 

29 VSS 62 A17 95 DA10 128 VCLKO 

30 WE1 63 A18 96 DA9 129 VCLK1 

31 MD15 64 A19 97 DAB 130 VCLK2 

32 MD14 65 A20 98 EABUF 131 EXPCLK 

33 MD13 66 A21 99 VSS 132 EXVID 

TABLE 4-1. WD90C31132-PIN JEDEC ASSIGNMENTS 
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PIN SYMBOL PIN SYMBOL PIN SYMBOL PIN SYMBOL 

1 N.C. 37 N.C. 73 N.C. 109 N.C. 
2 VCC 38 VSS 74 VCC 110 VSS 
3 MD23 39 WEO 75 EIO(3C3BO) 111 PCLK • 4 MD22 40 MAO 76 ROM16(CSFB) 112 VIDO 

5 MD21 41 MA1 77 EBROM 113 VID1 
6 MD20 42 MA2 78 EDBUFH 114 VID2 
7 MD19 43 MA3 79 A16 115 VID3 
8 MD18 44 MA4 80 DA15 116 VID4 
9 MD17 45 MA5 81 DA14 117 VID5 

10 MD16 46 MA6 82 DA13 118 VID6 
11 RAS4 47 MA7 83 DA12 119 VID7 
12 RAS3 48 MA8/RAS2 84 DA11 120 VSS 
13 VSS 49 A17 85 DA10 121 VCLKO 

14 WEi 50 A18 86 DA9 122 VCLK1 
15 MD15 51 A19 87 DA8 123 VCLK2 
16 MD14 52 A20 88 EABUF 124 EXPCLK 
17 MD13 53 A21 89 VSS 125 EXVID 
18 N.C. 54 N.C. 90 N.C. 126 N.C. 
19 MD12 55 VSS 91 DIR 127 MDET 
20 MD11 56 A22 92 DA7 128 USR1 
21 MD10 57 A23 93 DA6 129 USRO 

22 MD9 58 IOCS16 94 DA5 130 MCLK 
(CDSETUP) 

23 MD8 59 MEMCS16 95 DA4 131 VSS 
(CDDS16) 

24 RAS 60 BHE 96 DA3 132 OE 
25 VSS 61 ALE 97 DA2 133 WE3 
26 CAS 62 IRQ 98 DA1 134 MD31 
27 MD7 63 EMEM 99 DAD 135 MD30 
28 MD6 64 IOR(S1) 100 EDBUFL 136 MD29 

29 MD5 65 IOW(CMD) 101 VSYNC 137 MD28 
30 MD4 66 MRD(M/IO) 102 HSYNC 138 MD27 

31 MD3 67 MWR(SO) 103 BLANK 139 MD26 

32 MD2 68 RESET 104 HTL 140 MD25 

33 MD1 69 OWS 105 WPLT 141 MD24 

34 MOO 70 IOCHRDY 106 RPLT 142 WE2 

35 VCC 71 VSS 107 VCC 143 VSS 

36 N.C. 72 N.C. 108 N.C. 144 N.C. 

TABLE 4-2. WD90C31144-PIN EIAJ ASSIGNMENTS 
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PIN NUMBER 
JEDEC - EIAJ 

80 68 

4 - 130 

128 - 121 

129 - 122 

130 - 123 

18-10 

SIGNAL DESCRIPTION 

MNEMONIC /1/0 / DESCRIPTION 

RESET 

MCLK 

VCLKO 

VCLK1 

VCLK2 

POWER ON 

RESET: 
This signal resets the WD90C31. To initialize the 
WD90C31 during reset, MCLK and VCLKO must be con
nected to the WD90C31. Western Digital configuration 
bits are initialized at power-up reset, based on the logic 
level on the MD15-MDO bus, as determined by pull
up/pull-down resistors. The reset pulse width should be at 
least 10 MCLK clock periods. 

CLOCK SELECTION 

I MEMORY CLOCK: 
This clock signal determines the VGA DRAM timing as 
well as system interface control timing. MCLK should be a 
minimum 37.5 MHz for 80 ns DRAMS. 

I VIDEO CLOCK 0: 
This input is the video display clock for alphanumeric and 
gmphics display modes. Typically, VCLK is 25.175 MHz to 
display 640 pixels per horizontal display line. VCLKO is 
selected as clock when VCLK1 and VCLK2 are used as 
inputs and both Miscellaneous Output Register bits 2 and 
3 set to o. 

110 VIDEO CLOCK 1 : 
VCLK1 can be a second video display clock input or an 
output to an external clock selection module. The direc
tion is determined at Reset by a pull-up/down resistor on 
MD3. A VCLK1 input frequency of 28.322 MHz is used to 
display 720 pixels per horizontal line. As an output, 
VCLK1 is an active low pulse during I/O writes to port 
3C2H, or reflects the contents of 03C2H, Miscellaneous 
Register Bit 2. Refer to the Configuration Register and 
PR15 Register, Bit 5 description. 

I/O VIDEO CLOCK 2: 
VCLK2 is a third video display clock input or an output to 
external clock selection module. Pin direction is 
programmed simultaneously with that of VCLK1. VCLK2 
performs as a user-defined external clock input, an output 
reflecting the state of Bit PR2(1) or represents the state of 
03C2H, Miscellaneous Register, Bit 3, when CNF(3) is set 
to 1. See the Configuration Register and PR15 Register, 
Bit 5 description. 

TABLE 4-3. SIGNAL DESCRIPTION 
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SIGNAL DESCRIPTION WD90C31 

PIN NUMBER 
MNEMONIC 

I 
1/0 

I 
DESCRIPTION JEDEC - EIAJ 

HOST INTERFACE • 69 - 57 A23 I ADDRESS BUS (A23 - A17): 
68 - 56 A22 I In Micro Channel mode, A23-A 17 should be connected to 
66 - 53 A21 I address bus SA23 - SA17. 
65 - 52 A20 I 
64 - 51 A19 I In AT mode, A23-17 should be connected to LA23-LA17 of 
63 - 50 A18 I the AT address bus. 
62 - 49 A17 I 

89 - 79 A16 I ADDRESS BUS (A16): 
Bit SA 16 of CPU address bus. 

73 - 61 ALE I ADDRESS LATCH ENABLE: 
In AT mode, A23-A17 are latched internally at the falling 
edge of the ALE. 

In Micro Channel mode, ALE is not used and should be 
connected to VSS. 

90 - 80 DA15 110 DATA/ADDRESS BUS: 
91 - 81 DA14 liD This is the multiplexed CPU data and address bus. 
92 - 82 DA13 liD 
93 - 83 DA12 liD EABUF = 0: Enables the external address buffer. 
94 - 84 DA11 liD 
95 - 85 DA10 liD EDBUFL = 0 or EDBUFH = 0: Enables the external 
96 - 86 DA9 liD bidirectional data buffers. 
97 - 87 DA8 liD 

101 - 92 DA7 liD DIR controls the data flow for the data buffer. 
102 - 93 DA6 liD 
103 - 94 DA5 liD 
104 - 95 DA4 liD 
105 - 96 DA3 liD 
106 - 97 DA2 liD 
107 - 98 DA1 liD 
108 - 99 DAO liD 

82 - 70 10CHRDY 0 10 CHANNEL READY: 
10CHRDY indicates to the system processor that a 
memory access is completed. It is used to add wait states 
to the CPU bus cycles during video memory accesses. It 
may be pulled inactive by the WD90C31 to allow additional 
time to complete a bus operation. This signal is not 
generated on liD cycles and accesses to the BIOS ROM. 

TABLE 4-3. SIGNAL DESCRIPTION (Continued) 

ADVANCE INFORMATION 11/25/91 18-11 



WD90C31 SIGNAL DESCRIPTION 

PIN NUMBER MNEMONIC I/O DESCRIPTION 
JEDEC - EIAJ 

HOST INTERFACE (Cont.) 

74 - 62 I RQ/(IRQ) a INTERRUPT REQUEST: 
This programmable processor interrupt request is enabled 
via Bit 5 in the Vertical Retrace End register. When the 
end of Vertical Display occurs, this signal is active, causing 
the interrupt. It stays active until cleared by CRTC11 Bit 4. 

An AT system uses IRQ as an active high signal. Although 
an AT system does not usually use IRQ it may be con-
nected if desired. 

The Micro Channel mode uses IRQ as an active low to 
generate interrupts. 

71 - 59 MEMCS16/ a MEMORY CHIP SELECT 16 BITS: 
(CDDS16) In AT mode, MEMCS16 is used to inform the host that the 

WD90C31 is capable of performing the requested 16-bit 
video memory data transfer. 

In Micro Channel mode, CDDS16 is used to indicate 16-bit 
video memory or I/O access. 

85 - 75 EIO/ I ENABLE I/O: 
(3C3BO) In AT mode, EIO is used to enable 1/0 address decoding 

and is connected directly to the system bus signal AEN 
(address enable). 

In Micro Channel mode, EIO is enabled by I/O port 3C3 bit 
o = 1 , and is used to enable video subsystem memory and 
I/O address decoding. 

87 - 77 EBROM a ENABLE BIOS ROM: 
This is an active low signal to enable BIOS ROM (COOOOH 
- C7FFFH) if enabled by PR1 (0). A write to WD90C31 
internal I/O port address 46E8H causes this signal to be 
used as a write strobe for an external register used in 
BIOS ROM page mapping. 

113 - 104 HTL a ENABLE HIGH-TO-LOW: 
(for 16-bit BIOS) If only an eight-bit CPU interface is used, 
this output enables a data buffer to allow reading of the 
upper byte of ROM data on the lower data bus when two 
ROMs (16-bit) are supported. 

TABLE 4-3. SIGNAL DESCRIPTIONS (Continued) 

NOTE: 
( ) Signals enclosed in parentheses are Micro Channel only. 
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SIGNAL DESCRIPTION WD90C31 

PIN NUMBER 
MNEMONIC I/O DESCRIPTION JEDEC - EIAJ 

HOST INTERFACE (Cont.) • 75 - 63 EMEM I ENABLE MEMORY: 
When asserted, EM EM enables memory decoding. It is 
normally connected to the Refresh signal. 

72 - 60 BHE I BYTE HIGH ENABLE: 
£fRE should be connected to £fRE of the AT or Micro 
Channel bus. 

BHE,SAO = 00 - Word transfer 
= 01 - High byte transfer 
= 1 0 - Low byte transfer 
= 11 -Illegal 

81 - 69 OWS ° ZERO WAIT STATE: 
OWS is asserted to generate a zero wait state to the AT 
bus. OWS can be programmed by the PR33 register, bits 
7 and 6 to generate a zero wait state under four possible 
conditions. Refer to section 7.7.26 PR33 DRAM Timing 
And Zero Wait State Register. 

78 - 66 MRD/(M/IO) I MEMORY READ: 
In AT mode, this signal is called MRD and is an active low 
memory read strobe. 

In Micro Channel mode, the signal is called MIlO. It distin-
guishes between memory and lID cycles. When (M/I0L!.s 
high, a memory cycle is in process. A low on (MIlO) 
shows that an I/O cycle is in process. 

79 - 67 MWR/(SO) I MEMORY WRITE: 
In AT mode MWR is the memory write strobe. 

In Micro Channel mode SO is the channel status signal 
and indicat~ the start and type of a channel cycle. Along 
with S1, MIlO and CMD signals, it is decoded to interpret 
lID and memory commands. 

76 - 64 IOR/(S1) I I/O READ: 
In AT mode lOR is the liD read strobe. 

In Micro Channel mode, S1 is the channel status signal 
that indicates the start and type of a channel cycle. 

TABLE 4-3. SIGNAL DESCRIPTIONS (Continued) 

NOTE: 
( ) Signals enclosed in parentheses are Micro Channel only. 
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WD90C31 

PIN NUMBER 
JEDEC- EIAJ 

77 65 

70 58 

100 - 91 

88 78 

109 - 100 

98 88 

NOTE: 

SIGNAL DESCRIPTION 

MNEMONIC I/O DESCRIPTION 

HOST INTERFACE (Cant.) 

IOCS16 
(CDSETUP) 

DIR 

EDBUFH 

EDBUFL 

I/O 

o 

o 

o 

o 

I/O WRITE: 
In AT mode, lOW strobe signals an I/O write. 

In Micro Channel mode CMD is the bus data strobe. 
Address bus validity is signaled by CMD going low while 
the rising edge of CMD indicates the end of a Micro 
Channel bus cycle. 

I/O CHIP SELECT 16 BITS: 
In AT mode, IOCS16 is an output, and is used to inform 
the host that the WD90C31 is capable of performing the 
requested 16-bit I/O accesses. 

In Micro Channel mode, this signal is an input driven by 
the host to individually select channel connector slots 
during system configuration. 

DIRECTION CONTROL: 
DIR is the Direction Control for external bus buffers in 
both AT and Micro Channel implementation. The default 
state is low until a read cycle occurs. The WD90C31 then 
drives DIR high to change the direction of the data buf
fers. 

ENABLE DATA BUFFER HIGH: 
EDBUFH may be used to enable an external data buffer 
for data bits D15 through D8. 

ENABLE DATA BUFFER LOW: 
EDBUFL may be used to enable an external data buffer 
for data bits D7 through DO. 

ENABLE ADDRESS BUFFER: 
EABUF may be used to enable an external address buffer. 

TABLE 3. SIGNAL DESCRIPTION (Continued) 

( ) Signals enclosed in parentheses are Micro Channel only. 
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SIGNAL DESCRIPTION WD90C31 

PIN NUMBER MNEMONIC I/O DESCRIPTION JEDEC· EIAJ 

HOST INTERFACE (Cont.) • 86 - 76 ROM16/ I/O BIOS ROM SELECT 16 BITS: 
(CSFB}/ In AT Mode, ROM16 is an output and decodes the ROM 
EXBLANK address LA(23-17) for space OCOOOO - ODFFFF. It may be 

combined with SA 16 and SA 15 externally to control 
MCS16 for the address space COOOO - C7FFF. If CNF(17) 
is set to 0 at power up reset, the ROM16 address decoding 
is disabled. ROM16 then reflects the status of PR1 bit 1. 

CARD SELECT FEEDBACK: 
In Micro Channel mode, CSFB is an output and is used as 
Card Selected Feedback. to provide positive acknow-
ledgement of its presence at the specified host's addresses. 

EXTERNAL BLANK: 
In AT or Micro Channel Mode, EXBLANK becomes an input 
If CNF(18) is set to zero (MD18 = 0 at power-up reset). 

EXBLANK= 1: Enables BIANK, VSYNC and HSYNC 
outputs. 

EXBLANK= 0: Tristate BIANK, VSYNC and HSYNC 
outputs. 

DISPLAY MEMORY INTERFACE 

41 - 26 CAS 0 COLUMN ADDRESS STROBE: 
CAS is the Column Address Strobe for two, four and eight 
DRAM configurations. 

39 - 24 RAS 0 ROW ADDRESS STROBE: 
RAS is the Row Address Strobe for the 256K by 4, or 256K 
~ 6 DRAM interface. If 64K by 16 DRAMS are used, 
RAS is the strobe for the first 256 Kbyte memory bank. For 
RAS2 see pin 61 in Video Memory Address section. 

28 - 12 RAS3 0 ROW ADDRESS STROBE 3: 
RAS3 is used only if eight 64K by 16 DRAMs are used. It 
controls the third 256 Kbyte memory bank. 

27 - 11 RAS4 0 ROW ADDRESS STROBE 4: 
RAS4 is used only if eight 64K by 16 DRAMs are used. It 
controls the fourth 256 Kbyte memory bank. 

6 - 132 OE 0 OUTPUT ENABLE: 
OE is the Output Enable signal for two, four and eight 
DRAM configurations. 

TABLE 4-3. SIGNAL DESCRIPTIONS (Continued) 
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WD90C31 SIGNAL DESCRIPTION 

PIN NUMBER 
MNEMONIC 1/0 DESCRIPTION 

JEDEC- EIAJ 

DISPLAY MEMORY INTERFACE (Cont.) 

52 - 39 WEO 0 WRITE ENABLE: 
WEO is the write enable signal for M07 through MOO. 

30 - 14 WE1 0 WRITE ENABLE: 
WE1 is the write enable signal for M015 through M08. 

16 - 142 WE2 0 WRITE ENABLE: 
WE2 is the write enable signal for M023 through M016. 

7 - 133 WE3 0 WRITE ENABLE: 
WE3 is the write enable signal for M031 through M024. 

PROGRAMMABLE OUTPUTS 

3 - 129 USRO 0 May be used to control special card or system features 
(see PR32 register). 

2 - 128 USR1 0 May be used to control special card or system features 
(see PR32 register). 

TABLE 4-3. SIGNAL DESCRIPTIONS (Continued) 
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SIGNAL DESCRIPTION WD90C31 

PIN NUMBER 
MNEMONIC 1/0 DESCRIPTION 

JEDEC· EIAJ 

VIDEO MEMORY DATA • 8 - 134 MD31 1/0 DISPLAY MEMORY DATA (MD31 through MDO): 
9 - 135 MD30 1/0 These lines are the data bus to the video display 

10 - 136 MD29 1/0 DRAMS. The MD18-MDO data lines are pulled up by in-
11 - 137 MD28 1/0 ternal 50 Kohm resistors, but may be pulled down by ex-
12 - 138 MD27 1/0 ternal4.7 Kohm resistors to provide setup information on 
13 - 139 MD26 I/O power-up reset as follows: 
14 - 140 MD25 I/O 
15 - 141 MD24 I/O MD POWER·UP REGISTER 
19 - 3 MD23 1/0 FUNCTION {BIT} 
20 - 4 MD22 1/0 18 Enable ROM16 
21 - 5 MD21 1/0 as EXBLANK CNF(18) + 
22 - 6 MD20 1/0 16 64K by 16 or 256K by 4 
23 - 7 MD19 I/O DRAM Select CNF(16) + 
24 - 8 MD18 I/O 15 EGA SW4/General Purpose PR11(7) + 
25 - 9 MD17 I/O 14 EGA SW3/General Purpose PR11(6) + 
26 - 10 MD16 I/O 13 EGA SW2/General Purpose PR11(5) + 
31 - 15 MD15 I/O 12 EGA SW1 /General Purpose PR11(4) + 
32 - 16 MD14 I/O 11 ANALOG/TTL Display CNF(8) • 
33 - 17 MD13 I/O 10 Set 16-bit ROM CNF(10) • 
34 - 19 MD12 I/O 9 3C3H or 46E8H I/O port 
35 - 20 MD11 I/O for wake up CNF(9) + 
36 - 21 MD10 I/O 8 A23-A20 connection CNF(11) + 
37 - 22 MD9 I/O 7 General Purpose CNF(7) • 
38 - 23 MD8 I/O 6 General Purpose CNF(6) • 
42 - 27 MD7 I/O 5 General Purpose CNF(5) • 
43 - 28 MD6 I/O 4 General Purpose CNF(4) • 
44 - 29 MD5 I/O 3 VCLK1,21/0 CNF(3) + 
45 - 30 MD4 I/O 2 AT/Micro Channel Mode CNF(2) + 
46 - 31 MD3 I/O 1 1 or 2 ROMs CNF(1) • 
47 - 32 MD2 I/O 0 BIOS ROM Mapping PR1 (0) • 
48 - 33 MD1 I/O 
49 - 34 MDO I/O NOTES: 

"." Pulldown resistor sets these bits to logic 1. 
"+" Pulldown resistor sets these bits to logic o. 
For more details refer to PR and Configuration Registers. 

TABLE 4-3. SIGNAL DESCRIPTIONS (Continued) 
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WD90C31 SIGNAL DESCRIPTION 

PIN NUMBER 
MNEMONIC 1/0 DESCRIPTION 

JEDEC· EIAJ 

VIDEO MEMORY ADDRESS 

61 - 48 MA8/RAS2 0 MEMORY ADDRESS (MAS through MAO): 
60 - 47 MA7 0 Display memory DRAM address. For testing purposes, 
59 - 46 MA6 0 these~can be tristated by setting Register PR4(4)=1. 
58 - 45 MA5 0 MA8/RAS2 is an active low RAS strobe for the second 
57 - 44 MA4 0 256 Kbyte memory bank if four 64K by 16 DRAMs are 
56 - 43 MA3 0 used. 
55 - 42 MA2 0 
54 - 41 MA1 0 
53 - 40 MAO 0 

RAMDAC INTERFACE 

126 - 119 VID7 0 VIDEO (VD7-VDO): 
125 - 118 VID6 0 Pixel video data output to DAC and to Feature Connector. 
124 - 117 VID5 0 These lines can drive up to a 8 mA load. 
123 - 116 VID4 0 
122 - 115 VID3 0 
121 - 114 VID2 0 
120 - 113 VID1 0 
119 - 112 VIDO 0 

115 - 106 RPLT 0 READ PALETTE: 
Video DAC register and color palette read signal for an 
external RAMDAC. Active low during an I/O read of ad-
dresses 3C6H, 3C8H and 3C9H. 

114 - 105 WPLT 0 WRITE PALETTE: 
Video DAC register and color palette write signal for an 
external RAMDAC. Active low during an 1/0 write to ad-
dresses 3C6H through 3C9H. 

118 - 111 PCLK 0 PIXEL CLOCK: 
Video pixel clock output used by the DAC to latch video 
signals VID7 through VIDO. Its source is one of the video 
clock inputs: VCLKO, VCLK1 or VCLK2 as determined by 
the Miscellaneous Output Register. 

CRT CONTROL 

112 - 103 BLANK 0 BLANK: 
Active low display monitor blank pulse to external 
RAMDAC. 

111 - 102 HSYNCI 0 HORIZONTAL SYNC: 
HSYNC Display monitor horizontal synchronization pulse. Active 

high or low, depending on the Miscellaneous Output 
Register programming. 

TABLE 4-3. SIGNAL DESCRIPTIONS (Continued) 
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SIGNAL DESCRIPTION WD90C31 

PIN NUMBER 
MNEMONIC I/O DESCRIPTION 

JEDEC - EIAJ 

CRT CONTROL (Cont.) • 110 - 101 VSYNC/ 0 VERTICAL SYNC: 
VSYNC Display monitor vertical synchronization pulse. Active 

high or low, depending on the Miscellaneous Output 
Register programming. 

1 - 127 MDET I MONITOR DETECT: 
When the RAMDAC is external, MDET is used to deter-
mine the monitor type and can be read at port 3C2H Bit 4. 

FEATURE CONNECTOR SUPPORT 

132 - 125 EXVID I ENABLE EXTERNAL VIDEO DATA: 
A Feature Connector input. A low tristates the video data 
lines VID7:0. An internal pullup resistor is provided. 

131 - 124 EXPCLK I ENABLE EXTERNAL PIXEL CLOCK: 
A Feature Connector input. A low tristates the PCLK out-
put. An internal pullup resistor is provided. 

POWER AND GROUND 

18 - 2 VCC ----- +5VDC 
50 - 35 VCC ----- +5VDC 
84 - 74 VCC ----- +5VDC 

116 - 107 VCC ----- +5VDC 
5 - 13 VSS ----- Ground 

17 - 25 VSS ----- Ground 
29 - 38 VSS ----- Ground 
40 - 55 VSS ----- Ground 
51 - 71 VSS ----- Ground 
67 - 89 VSS ----- Ground 
83 - 110 VSS ----- Ground 
99 - 120 VSS ----- Ground 

117 - 131 VSS ----- Ground 
127 - 143 VSS ----- Ground 

- 1 These pins are not connected in the 144-pin EIAJ 
- 18 package 
- 36 
- 37 
- 54 
- 72 
- 73 
- 90 
- 108 
- 109 
- 126 
- 144 

TABLE 4-3. SIGNAL DESCRIPTION (Conti nude) 
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WD90C31 

5.0 ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature OOC to 70°C 
Under Bias 32°F to 158°F 

Storage Temperature -40°C to 125°C 
-40°F to 257°F 

Voltage on all inputs -0.3 to 7 Volts 
and outputs with 
respect to Vss 

NOTE 
Stresses above those listed under Ab
solute Maximum Ratings may cause per
manent damage to the device. This is a 
stress rating only and functional opera
tion of the device at these or any other 
conditions above those indicated in the 
operational section of the specification, 
is not implied. Exposure to absolute 
maximum rating conditions for extended 
periods may affect product reliability. 

SYMBOL PARAMETER MIN. 

V(IL) Input Low Voltage -0.3 

V(IH) Input High Voltage 2.0 

I(IL) Input Low Current --

I(IH) Input High Current --

V(OL) Output Low Voltage --

V(OH) Output High Voltage 2.4 

I(OZ) High Impedance -10.0 
Leakage Current 

C(IN) Input Capacitance --

C(OUT) Output Capacitance --
C(I!O) I/O Pin Capacitance --

ABSOLUTE MAXIMUM RATINGS 

5.1 STANDARD TEST CONDITIONS 

The characteristics below apply for the following 
standard test conditions, unless otherwise noted. 
All voltages are referenced to Vss (OV Ground). 
Positive current flows into the referenced pin. 

Operating Tempera- OOC to 70°C 
ture Range 32°F to 158°F 

Power Supply Voltage 4.75 to 5.25 Volts 

Power Dissipation 140 mA 

5.2 DC CHARACTERISTICS 

The WD90C31 outputs have 4.0 mA maximum 
source and sink capability (see Table 5-1), except 
as follows: 

IRQ,IOCHRDY, OWS, 
MEMCS16, IOCS16 = 24 mAsink. 

PCLK, VID7:0, BLANK = 10 mA source/sink. 

DRAM Interface = 4.0 mA source/sink 
(RAS, CAS, WE, OE, MA, MD) 

HSYNC, VSYNC, DA 15:0 = 6 mA sink. 

ROM16 = 16 mA sink. 

MAX. UNITS CONDITIONS 

0.8 V VCC=5V±5% 

VCC+0.3 V VCC=5V±5% 

±10 uA VIN=O.OV 

±10 uA VIN=VCC 

0.4 V IOL+2.0mA 

-- V IOH=-2.0mA 

10.0 uA OV<VOUT <VCC 

10 pF FC=1 MHz 

10 pF FC=1 MHz 

12 pF FC=1 MHz 

TABLE 5-1. DC CHARACTERISTICS 
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AC TIMING CHARACTERISTICS 

6.0 AC TIMING CHARACTERISTICS 
The following notes apply to all of the parameters 
presented in this section: 

• All units are in nanoseconds. 
• CL = 30 pF unless otherwise noted. 

NUMBER CHARACTERISTIC 

WD90C31 

• nt implies n X t, (n times the period t). 
e.g. 1 t, 2t etc. 

• #n refers to the spec number in column 1 
of the same table. 

MIN MAX TEST CONDITION 

RESET TIMING 

1 Reset Pulse Width 10t t = 1/MCLK (For 
2 MD Setup to RESET low 50 configuration at 
3 MD Hold from RESET low 30 power up.) 
4 RESET low to first lOW 101 

CLOCK TIMING 

1 * VCLK period 12.5 72.0 
2 VCLK high 5 At 1/2 VDD 
3 VCLK low 5 At 1/2 VDD 
4* Clock rise time 2 1 V - (VDD - 1 V) 
5* Clock fall time 2 1V - (VDD - 1V) 
6 VCLK to PCLK delay 8 20 45 ns at 120 pF 

load 
7a VCLK to HSYNC delay 8 25 
7b VCLK to VSYNC delay 8 25 
7c VCLK to BLANK delay 8 20 
7d VCLK to VID(7:0) delay 8 20 45 ns at 120 pF 

load up to 30 MHz 
8 ** MCLK period 20 30 Max 50 MHz, 

Min 33.3 MHz 
9 MCLK high 8 At 1/2 VDD 

10 MCLK low 8 At 1/2 VDD 
11 VID (7:0) setup to PCLK 3 
12 VID (7:0) hold from PCLK 3 

* Apply to both VCLK and MCLK. 

** VCLKO and MCLK use CMOS level input buffers. V(IL) max = 1.5 V, V(IH) min = VDD - 1.5 V 

TABLE 6-1. AC TIMING CHARACTERISTICS 
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WD90C31 AC TIMING CHARACTERISTICS 

NUMBER CHARACTERISTIC MIN MAX TEST CONDITION 

I/O AND MEMORY READ/WRITE AT MODE TIMING 

1 EM EM setup to MRD, MWR low 20 
2 EMEM hold from MRD, MWR high 10 
3a A(23:17) setup to ALE low 20 
3b BHE, DA(15:0) setup to lOR, lOW, MRD, 18 

MWRlow 
4a A(23:17) hold from ALE low 10 
4b DA(15:0) hold from lOR, lOW, MRD, MWR 10 

low 
5 EIO setup to IOR/IOW low 20 
6 EIO hold from IOR/IOW high 10 
7a EABUF high from lOR, lOW, MRD, MWR low 9 25 

7b EDBUF low from lOR, lOW, MRD, MWR low 13.5 35 

7e HTL low from MRD low 25 
8a EABUF low from lOR, lOW, MRD, MWR high 14.5 35 
8b EDBUF high from lOR, lOW, MRD, MWR high 8.5 25 
8e HTL high from MRD high 25 
9 DIR high from lOR, MRD low 20 

10 DIR hold from lOR and MRD high 20 
11 DA(15:0) write data setup to lOW, MWR high 20 
12a DA(15:0) read data hold from lOR high or 10 

MRD high 
12b DA(1S:0) write data hold from lOW, MWR high 10 
13 DA(15:0) read data valid after lOR low 70 
14 RDY high from MWR/MRD low 10 2.45 Jls 

(max is for standard VGA modes) 
15 Memory read data valid from RDY high 40 Note 1 
16 RDY low from MWR/MRD low 10 20 CL = 100 pF 
17 RDY tristate from MWR/MRD high 10 30 CL = 100 pF 
18 EBROM low from valid A(23:15) 40 
19 EBROM hold from MRD high 40 
20a WPLT low from lOW low 37 
20b RPL T low from lOR low 30 
21a WPLT high from lOW high 9 15 
21b RPLT high from lOR high 9 20 
22 EBROM low from lOW low (46E8H port) 1t + 20 
23 EBROM high from lOW high (46E8H port) 25 
24 VCLK1 low from lOW low (3C2H port) 1t + 24 

TABLE 6-1. AC TIMING CHARACTERISTICS (Continued) 
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AC TIMING CHARACTERISTICS WD90C31 

NUMBER CHARACTERISTIC MIN MAX TEST CONDITION 

110 AND MEMORY READIWRITE AT MODE TIMING 

25 VCLK1 high from lOW high (3C2H port) 15 • 26 A(15:0) valid to IOCS16 low 35 CL = 100pF 
27 IOCS16 hold from lOW high 20 CL = 100pF 
28 A(23:17) valid to MEMCS16 or ROM16 low 39 CL = 100pF 
29 MEMCS16 tristate from the next active ALE 39 CL = 100pF 
30a lOR, lOW, MWR, MRD high 2t + 15 t = 1/MCLOCK 

Note 2 
30b lOR, lOW, MWR, MRD low 2t t=1/MCLOCK 

(Note 3) 
30c ALE pulse width 30 
31 OWS, low from lOW, MWR low 15 CL = 100pF 

Note 1: Depends on setting of PR31 (3C5H, index 11 H) bits 4, 3. t = 1/MCLOCK 
00 - Max 40 
01 - Max 40 + 11 
1 0 - Max 40 + 2t 
11 - Max 40 - 1 t 

Note 2: Minimum of #30a should be the greater of 2t + 15 or (#8a + #3b + delay on the external 
address buffer) 

Note 3: Minimum of #30b should be the greater of 2t or (#7b + #11 + delay on the external data 
buffer) 

TABLE 6-1. AC TIMING CHARACTERISTICS (Continued) 
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WD90C31 AC TIMING CHARACTERISTICS 

NUMBER CHARACTERISTICS MIN MAX TEST CONDITION 

I/O AND MEMORY READ/WRITE MICRO CHANNEL MODE TIMING 

1 A(23:0),EMEM,BHE setup to CMD low 20 
2 A(23:0),EMEM,BHE hold from CMD low 10 
3 CDSETUP,EIO setup to CMD low 20 
4 CDSETUP,EIO hold from CMD low 15 
5 STATUS setup to CMD low 20 
6 STATUS hold from CMD low 15 
7a EDBUFH, EDBUFL low from CMD low 13.5 35 
7b EABUF high from CMD low 9 25 
8a EDBUFH, EDBUFL high from CMD high 8.5 25 
8b EABUF low from CMD high 14.5 35 
9 DIR active from CMD low 20 
10 DIR inactive from CMD high 20 
11 CSFB delay from valid address/status 30 CL = 100 pF 
12 CSFB hold from CMD high (I/O cycle) 30 CL = 100 pF 
13 CSFB hold from invalid address (memory 

cycle) 30 CL = 100 pF 
14 CDDS16 delay from valid address 40 
15 CDDS16 hold from invalid address 30 
16 DA(15:0) write data setup to CMD high 20 
17 DA(15:0) Write data hold after CMD high 10 
18 DA(15:0) I/O Read data valid from CMD low 70 
19 RDY high delay from CMD low 0 2.451ls 
20 DA(15:0) Memory Read Data valid from RDY 40 Note 1 

high 
21a CMD high (inactive) 2t + 15 Note 2 
21b CMD low 2t Note 3 
22 RDY low delay from valid address/status 30 
23 EBROM low from valid address 40 
24 EBROM high from CMD high 30 
25 WPLT /RPLT low from CMD low 9 20 
26 WPLT /RPLT high from CMD high 9 20 
27 VCLK1 low from CMD low (3C2 port) 1t + 30 
28 VCLK1 high from CMD high (3C2 port) 25 

Note 1: Depends on setting of PR31 (3C5H, Index 11 H) bits 4, 3. t = 1/MCLK 
00 max 40 ns 
01 max 40 ns + 1t 
10 max 40 ns + 2t 
11 max 40 ns - 1t 

Note 2: Minimum of #21 a is the greater of 2t + 5 or (#8b + #1 + delay on external address buffer) 

Note 3: Minimum of #21 b is the greater of 2t or (#7a + #16 + delay on external data buffer) 

TABLE 6-1. AC TIMING CHARACTERISTICS (Continued) 
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AC TIMING CHARACTERISTICS WD90C31 

NUMBER CHARACTERISTIC MIN MAX TEST CONDITION 

DRAM TIMING (256K By 256K By 16) 

1 RAS cycle time *6t • 2 RAS pulse width low *3.5t-d 
3 RAS high time (precharge) *2.5t+d 
4 RAS low to CAS low *2.5t-9 2.5t - d 
5 CAS cycle time 2t 
6 CAS pulse width low *1t + d 
7 CAS high time (precharge) *1t - d 
8 Row address setup to RAS low 1t - 10 
9 Row address hold time from RAS low 1t 
10 Column address setup to CAS low 1t - 10 
11 Column address hold from CAS low 1t 
12 Read Data valid before CAS high 3 
13 Read Data hold after CAS high a 
14 Write Data setup to CAS low 1t - 15 
15 Write Data hold after CAS low 1t - 5 
16 WE low setup CAS low 1t- 5 1t+ 5 
17 WE low hold after CAS high Same as 

CAS low 
- -

18 OE high before WE low 2t - 10 
19 OE low after WE high 1t - 10 
20 CAS high for CAS before RAS refresh 1t - 10 
21 RAS low from CAS low for CAS before RAS 1.5t+ 10 

refresh 

Notes: 
The timing is the result of setting PR33 (3C5, Index = 13) = xxxooooo 
* Timings are adjustable by PR33. 
Memory write uses fast page early write, while keeping OE = 1. 
Memory read uses fast page read, while keeping DE = 1. } 
t = 1/MCLK 

(MCLK = 37.5 MHz for 80 ns DRAM) 
Maximum MCLK frequency (MCLK = 40 MHz for some faster 80ns DRAM) 

(MCLK = 44.4 MHz for 70 ns DRAM) 
(MCLK = 49.5 MHz for 60 ns DRAM) 

d = Delay with a min. of 4 ns and a max. of 7 ns. 

TABLE 6-1. AC TIMING CHARACTERISTICS (Continued) 
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WD90C31 AC TIMING CHARACTERISTICS 

NUMBER CHARACTERISTIC MIN MAX TEST CONDITION 

DRAM TIMING (64 Kbytes by 16) 

1 RAS cycle time *5t 
2 RAS pulse width low *3t 
3 RAS high time (precharge) *21 
4 RAS low to CAS low *1.5t 1.5t 
5 CAS cycle time 2t 2t 
6 CAS pulse width low *1I+2d 
7 CAS high time (precharge) *1I-2d 
8 Row address setup to RAS low 11 
9 Row address hold time from RAS low 1/2t 
10 Column adress setup to CAS low 11 - 10 
11 Column address hold from CAS low 11 
12 Read Data valid before CAS high 2 
13 Read Data hold after CAS high 0 
14 Write Data setup to CAS low 11 - 15 
15 Write Data hold after CAS low 11 - 5 
16 WE low setup before CAS low 11 - 10 
17 WE low hold after CAS high Same as 

CAS low 
18 OE high before WE low 11+ 2 
19 OE low after WE high 11 - 10 
20 CAS high for CAS before RAS refresh 0.5t 
21 RAS low from CAS low for CAS before RAS 1.5t 

refresh 

MCLK edge to RAS, CAS, MA(8:0) edge delay may be up to 40 ns. 

NOTES: 
The timing is the result of setting PR33 (3C5H, Index = 13H) = xxx01110 
* Timings are adjustable by PR33 
Memory write uses fast page early write, while keeping OE = 1. 
Memory read uses fast page read, while keeping OE = o. 
t = 1/MCLK (MCLK = 36 MHz for 80 ns, 64K by 16 DRAM) 
d = Delay with a min. of 4 ns and a max. of 7 ns. 

TABLE 6-1. AC TIMING CHARACTERISTICS (Continude) 
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AC TIMING CHARACTERISTICS 

RESET 
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FIGURE 6·1. RESET TIMING 
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FIGURE 6-2. CLOCK AND VIDEO TIMING 
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WD90C31 
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WD90C31 AC TIMING CHARACTERISTICS 

DRAM Timing Adjustment: The RAS, CAS timing 
can be adjusted by register PR33 (3C5H, Index 
3H) bits 4 through O. Only the following timing 
may be affected: (See Figures 6-5 and 6-6). 

CAS pulse width adjustment: CAS cycle time is 
always equal to 2t {t = 1/MCLK}, {d = (4- 8) ns}. 

3 RAS high time (precharge) 
4 RAS low to CAS low 
6 CAS pulse width 

MCLK 

2.51 + d 

PR33 (Bits 4 through 3) = 
00, CAS low = 1t + d; 
01, CAS low = 1t + 2d; 
1 X, CAS low = 1.5t; 

PR33 = xxxOOOOO 

2.51 + d 

CAS high = 1t - d 
CAS high = 1t - 2d 
CAS high = 1/2t 

~----------------~I RAS 

CAS 

MCLK 

21 

RAS 

CAS 

18-32 

61 

51 

.2.51 - d 21 

:11 + d: 
1-i ...... : 

l1\ -d 

FIGURE 6-7. 256K BY 4 DRAM TIMING 

PR33 = xxx01110 
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FIGURE 6-8. 64K BY 16 DRAM TIMING 
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7.0 WD90C31 REGISTERS 
All the standard IBM registers incorporated inside the 
WD90C31 are functionally equivalent to the VGA im
plementation, while additional Western Digital 
registers enhance the video subsystem. Com
patibility registers provide functional equivalence for 
AT&T, Hercules, MDA and CGA standards defined 
earlier using the 6845 CRT Controller. This section 
describes the VGA registers in greater detail, followed 

registers description. For more information, refer : 
by the VGA/EGA difference section and PR • 

to the reference literature. 

Throughout this section, all bit graphics and defini
tions apply to VGA mode, followed by their brief 
description. 

@REGISTERS CDRW MONO COLOR 

GENERAL REGISTERS 

Miscellaneous Output Register W 3C2 3C2 
R 3CC 3CC 

Input Status Register 0 RO 3C2 3C2 
Input Status Register 1 RO 3BA 3DA 
Feature Control Register W 3BA 3DA 

R 3CA 3CA 
* Video Subsystem Enable Register. RW 3C3 3C3 

* I/O Port 3C3H can be used to replace 46E8H [if CNF(9) = 0] for setup in AT 
mode. In Micro Channel mode, writes to 3C3H, 8it 0 = 1 enables memory 
and I/O address decoding. 

SEQUENCER REGISTERS 

Sequencer Index Register RW 3C4 3C4 
Sequencer Data Register RW 3C5 3C5 

CRT CONTROLLER REGISTERS 

Index Register RW 384 3D4 
CRT Controller Data Register RW 385 3D5 

GRAPHICS CONTROLLER REGISTERS 

Index Register RW 3CE 3CE 
Other Graphics Registers RW 3CF 3CF 

ATTRIBUTE CONTROLLER REGISTERS 

Index Register RW 3CO 3CO 
Attribute Controller Data Register W 3CO 3CO 

R 3C1 3C1 

VIDEO DAC PALETTE REGISTERS 

Write Address RW 3C8 3C8 
Read Address W 3C7 3C7 
DAC State R 3C7 3C7 
Data RW 3C9 3C9 
Pel Mask RW 3C6 3C6 

CD RO = Read-Only, RW = Read/Write, W = Write, and R = Read. 
@ All Register addresses are in hexidecimal. 

TABLE 7-1. VGA REGISTERS SUMMARY 
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REGISTERS RW MONOCHROME COLOR 

PRO(A) Address Offset A RW 3CF.09 3CF.09 
PRO(8) Alternate Address Offset 8 RW 3CF.OA 3CF.OA 
PR1 Memory Size RW 3CF.08 3CF.08 
PR2 Video Select RW 3CF.OC 3CF.OC 
PR3 CRT Control RW 3CF.00 3CF.00 
PR4 Video Control RW 3CF.OE 3CF.OE 
PR5 Unlock (PRO-PR4)/Status RW 3CF.OF 3CF.OF 
PR10 Unlock (PR11-PR17) RW 385.29 305.29 
PR11 EGA Switches RW 385.2A 305.2A 
PR12 Scratch Pad RW 385.28 305.28 
PR13 Interlace H/2 Start RW 385.2C 305.2C 
PR14 Interlace H/2 End RW 385.20 305.20 
PR15 Miscellaneous Control 1 RW 385.2E 305.2E 
PR16 Miscellaneous Control 2 RW 385.2F 305.2F 
PR17 Miscellaneous Control 3 RW 385.30 305.30 
PR18 CRTC Vertical Timing Overflow RW 385.3E 385.3E 
PR19 Signature Analyzer Control RW 385.3F 305.3F 
Reserved 3X5.31- 3X5.3C RW 385.31 - 385.3C 305.31 - 305.3C 
PR1A CRTC Shadow Register Control RW 385.30 305.30 
PR20 Unlock Sequencer Extended Registers W 3C5.06 3C5.06 
PR21 Display Configuration and Scratch Pad RW 3C5.07 3C5.07 
PR22 Scratch Pad RW 3C5.8 3C5.8 
PR23 Scratch Pad RW 3C5.9 3C5.9 
PR30 Memory Interface write buffer and FIFO Control RW 3C5.10 3C5.10 
PR31 System Interface Control RW 3C5.11 3C5.11 
PR32 Miscellaneous Control 4 RW 3C5.12 3C5.12 
PR33 DRAM Timing and Zero Wait State Control RW 3C5.13 3C5.13 

Registers 
PR34 Video Memory Mapping Register RW 3C5.14 3C5.14 
PR35 USRO, USR1 Output Select Register RW 3C5.15 3C5.15 

NOTE: 
All of the PR Registers may be read/write protected. Refer to the PR Registers description for more 
details. 

Register descriptions from locations such as 3CF.09 is the value read from or written to location 3CFH 
after a value of 09 has been written to the corresponding Index register 3CEH. 

TABLE 7-2. PR REGISTERS SUMMARY 
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FUNCTIONS RW MDA CGA AT&T HERCULES 

Mode Control Register WO 3B8 308 308 3B8 
Color Select Register WO 309 309 
Status Register RO 3BA 30A 30A 3BA 
Preset Light Pen Latch WO 3B9 30C 30C 
Clear Light Pen Latch WO 3BB 30B 30B 
AT&T/M24 Register WO 30E 
Hercules Register WO 3BF 
+CRTC RW 3BO-3B7 300-307 300-307 3BO-3B7 

NOTES: 
1. RO = Read-Only, WO = Write-Only, RW = Read/Write. 
2. All Register addresses are in hex. 
3. + = 6845 Mode Registers. 
4. ** = This register is loaded during power on. 

TABLE 7-3. COMPATIBILITY REGISTERS SUMMARY 

7.1 GENERAL REGISTERS 

REGISTER READ WRITE 
NAME PORT PORT 

Miscellaneous Output 3CC 3C2 

Input Status Register 0 3C2 ---
Input Status Register 1 3?A ---
Feature Control 3CA 3?A 

NOTES 
1. Reserved bits should be set to zero. 

2. "?" Value is controlled by Bit 0 of the 
Miscellaneous Output Register and is 
programmed as shown below: 

o = B in Monochrome Modes 
1 = 0 in Color Modes 

7.1.1 Miscellaneous Output Register, Read 
Port = 3CCH, Write Port = 3C2H 

BIT FUNCTION 

7 Vertical Sync Polarity Select 

6 Horizontal Sync Polarity Select 

5 Odd/Even Memory Page Select 

4 Reserved 

3 Clock Select 1 

2 Clock Select 0 

1 Enable Video RAM 

0 I/O Address Select 

Bit 7 - Vertical Sync Polarity Selection. 

o = Positive vertical sync polarity. 

1 = Negative vertical sync polarity. 

Bit 6 - Horizontal Sync Polarity Selection. 

o = Positive horizontal sync polarity. 

1 = Negative horizontal sync polarity. 

The vertical and horizontal sync polarity bits (bits 
7:6) should be set to conform with the vertical size 
of the frame used by the monitor. 
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VERTICAL FRAME 

00 = Reserved 

01 = 400 lines/scan 

10 = 350 lines/scan 

11 = 480 lines/scan 

Bit 5 • Odd or Even Memory Page Select. 

When in modes 0 through 5, one memory page is 
selected from the two 64 Kbyte pages. 

o = Lower page is selected. 

1 = Upper page is selected. 

Bit 4 

Reserved in VGA. 

Bits (3:2) • Clock Select 1, O. 

00 = Selects VCLKO for VGA applications. 
Can be connected to allow 640 dots/line 
(25.175 MHz). 

01 = Selects VCLK1 for VGA applications. 
Can be connected to allow 720 dots/line 
(28.322 MHz) if Configuration Register 
Bit 3 = O. 

10 = Selects VCLK2 (external user defined 
input) if Configuration Register Bit 3 = O. 

11 = Reserved. Also selects VCLK2 (external 
user defined input) if Configuration 
Register Bit 3 = O. 

Bit 1 • System Processor Video RAM 
Access Enable. 

o = CPU access disabled. 

1 = CPU access enabled. 

Bit 0 • CRT Controller I/O Address Range 
Selection. 

Selection for Monochrome (3B4 and 3B5), or 
Color (304 and 305) mode. Bit 0 also maps Input 
Status Register 1 at MDA (3BA) or CGA (3DA). 

o = CRTC and status addresses for MDA 
mode (3BX). 

1 = CRTC and status addresses for CGA 
mode (3DX). 

WD90C31 REGISTERS 

7.1.2 Input Status Register 0, Read Only 
Port = 3C2H 

BIT FUNCTION 

7 CRT Interrupt 

6:5 Reserved 

4 Monitor Detect Bit for Color/ 
Monochrome Display 

3:0 Reserved 

Bit 7 • CRT Vertical Retrace Interrupt 
Pending or Cleared. 

o = Vertical retrace interrupt cleared. 

1 = Vertical retrace interrupt pending. 

Bits (6:5) 

Reserved in VGA. 

Bit 4 • Monitor Detection in VGA Mode. 

DA 15 monitor status (Pin 20) is sampled and can 
be read from this bit. 

o = Monochrom. 

1 = Color. 

Bits (3:0) 

Reserved. 
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7.1.3 Input Status Register 1, Read Only 
Port = 3?AH 

BIT 

7:6 

S 

4 

3 

2:1 

0 

Bits (7:6) 

Reserved. 

FUNCTION 

Reserved 

Diagnostic 0 

Diagnostic 1 

Vertical Retrace 

Reserved 

Display Enable 

Bits (5:4) - Color Plane Diagnostics. 

These bits return two of the eight video outputs 
VID7 through VIDO, as selected by Color Plane 
Enable Register Bits Sand 4. See section 7.S.S. 

Bit 3 - Vertical Retrace Status. 

o = Vertical frame is displayed. 

1 = Vertical retrace is active. 

Bits (2:1) 

Reserved. 

Bit 0 - Display Enable Status. 

o = CRT screen display in process. 

1 = CRT screen display disabled for horizon
tal or vertical retrace interval. 

WD90C31 

7.1.4 Feature Control Register, 
Read Port = 3CAH, Write Port = 3? AH 

BIT 

7:4 

3 

2:0 

Bits (7:4) 

Reserved 

FUNCTION 

Reserved 

Vertical Sync Control 

Reserved 

Bit 3 - Vertical Sync Control. 

0= VSYNC output enabled. 

1 = VSYNC output is logical "OR" of VSYNC 
and Vertical Display Enable. 

Bits (2:0) 

Reserved 

7.2 SEQUENCER REGISTERS 

PORT INDEX NAME 

3C4H ----- Sequencer Index 

3CSH 00 Reset 

3CSH 01 Clocking Mode 

3CSH 02 Map Mask 

3CSH 03 Character Map Select 

3CSH 04 Memory Mode 

NOTE 
Reserved bits should be set to zero. 
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7.2.1 Sequencer Index Register, Read/Write 
Port = 3C4H 

BIT 

7:5 

4:0 

Bits (7:5) 

Reserved. 

FUNCTION 

Reserved 

Sequencer Address/ 
Index Bits 

Bits (4:0) - Sequencer Address/Index. 

The Sequencer Address Register is written with 
the index value (00H-04H) of the Sequencer 
Register to be accessed. Sequencer extension 
registers are also indexed by this register. 

7.2.2 Reset Register, ReadIWrite Port = 
':I1"h:U 1 ....... _ ........... nnu 
_"",vo •• , II.U'C'.#\ _ VUII 

BIT 

7:2 

1 

0 

Bits (7:2) 

Reserved. 

FUNCTION 

Reserved 

Synchronous Reset 

Asynchronous Reset 

Bit 1 - Synchronous Reset. ti 

o = Sequencer is cleared and halted 
synchronously. 

1 = Operational mode (Bit 0 = 1). 

Bit 0 - Asynchronous Reset. ti 

o = Sequencer is cleared and halted 
asynchronously. 

1 = Operational mode (Bit 1 = 1). 

ti Both bits 1 and 0 must be set to 1 for Opera
tional mode. 

WD90C31 REGISTERS 

7.2.3 Clocking Mode Register, ReadIWrite 
Port = 3C5H, Index = 01 H 

BIT 

7:6 

5 

4 

3 

2 

1 

0 

Bits (7:6) 

Reserved. 

FUNCTION 

Reserved 

Screen Off 

Shift 4 

Dot Clock 

Shift Load if Bit 4 = 0 

Reserved 

8/9 Dot Clocks 

Bit 5 - Screen Off. 

o = Normal screen operation. 

1 = Screen is tumed off but SYNC signals 
remain active. This bit may be used to 
provide maximum display memory 
bandwidth for quick full screen updates. 

Bit 4 - Video Serial Shift Register Loading. 

o = Serial shift registers loaded every char
acter or every other character clock 
depending on Bit 2. 

1 = Serial shift registers loaded every 4th 
character clock (32-bit fetches). 

Bit 3 - Dot Clock Selection. 

o = Normal dot clock selected by VCLK 
input frequency. 

1 = Dot Clock divided by 2 (320/360 pixels). 

Bit 2 - Shift Load. Effective Only If Bit 4=0. 

o = Video serializers are loaded every char
acter clock. 

1 = Video serializers are loaded every other 
character clock. 

Bit 1 

Reserved. 
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Bit 0 - 8/9 Dot Clock. 

Commands Sequencer to generate an eight or 
nine dot wide character clock. 

o = Nine dot wide character clock. 

1 = Eight dot wide character clock. 

7.2.4 Map Mask Register, ReadfWrite 
Port = 3C5H, Index = 02H 

BIT FUNCTION 

7:4 Reserved 

3 Map 3 Enable 

2 Map 2 Enable 

1 Map 1 Enable 

0 Map 0 Enable 

Bits (7:4) 

Reserved. 

Bits (3:0) - Enables Writing to Memory 
Maps 3 Through 0, Respectively. 

o = Writing to Maps (3-0) disallowed. 

1 = Maps (3-0) accessible. 

7.2.5 Character Map Select Register, 
Read/Write Port = 3C5H, Index = 03H 

BIT FUNCTION 

7:6 Reserved 

5 Character Map Select A Bit 2 

4 Character Map Select B Bit 2 

3 Character Map Select A Bit 1 

2 Character Map Select A Bit 0 

1 Character Map Select B Bit 1 

0 Character Map Select B Bit 0 

WD90C31 

If Sequencer Register 4, Bit 1 = 1, then the at
tribute byte Bit 3 in text modes is redefined to 
control switching between character sets. A 0 • 
selects Character Map B. A "1" selects Character : 
Map A. Character Map selection from either Plane 
2 or Plane 3 is determined by PR2(2), PR2(5) and 
Bit 4 of the attribute code. 

Bits (7:6) 

Reserved. 

Bit 5 - Character Map A MSB Select. 

The Most Significant Bit (MSB) of Character Map 
A along with Bits 3 and 2, select the location of 
Character Map A as shown below. 

BITS MAP FONT/PLANE 2 OR 
532 SELECTED 3 LOCATION 

000 0 1st 8 KByte 

001 1 3rd 8 KByte 

010 2 5th 8 KByte 

01 1 3 7th 8 KByte 

100 4 2nd 8 KByte 

1 01 5 4th 8 KByte 

1 1 0 6 6th 8 KByte 

111 7 8th 8 KByte 

Bit 4 - Character Map B MSB Select. 

The MSB of Character Map B along with Bits 1 
and 0, select the location of Character Map B as 
shown below. 
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BITS MAP FONT/PLANE 2 OR 
410 SELECTED 3 LOCATION 

000 a 1st 8 KByte 

001 1 3rd 8 KByte 

a 1 a 2 5th 8 KByte 

01 1 3 7th 8 KByte 

100 4 2nd 8 KByte 

1 a 1 5 4th 8 KByte 

1 1 a 6 6th 8 KByte 

1 11 7 8th 8 KByte 

Bits (3:2) - Character Map Select A. 

Refer to Bit 5 table. 

Bits (1 :0) - Character Map Select B. 

Refer to Bit 4 table. 

7.2.6 Memory Mode Register, ReadIWrite 
Port = 3C5H, Index = 04H 

BIT 

7:4 

3 

2 

1 

0 

Bits (7:4) 

Reserved. 

FUNCTION 

Reserved 

Chain 4 

Odd/Even 

Extended Memory 

Reserved 

WD90C31 REGISTERS 

Bit 3 - Chains Four Maps. 

o = Processor sequentially accesses data 
using Map Mask Register. 

1 = Directs the two lower order video 
Memory Address pins (MA 1 ,MAO) to 
select the map to be addressed. The 
map selection table is shown below: 

MA1 MAO MAP SELECTED 

0 a a 
0 1 1 

1 0 2 

1 1 3 

Bit 2 - Odd/Even Map Selection. 

a = Even processor addresses to access 
Maps 0 and 2. Odd processor address
es to access Maps 1 and 3. 

1 = Sequential processor access as defined 
by Map Mask Register. 

Bit 1 - Extended Video Memory. 

a = 64 KB of video memory. 

1 = Greater than 64 KB of memory for 
VGAlEGA modes. 

Bit 0 

Reserved. 
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PORT INDEX VGA REGISTER NAME *6845 REGISTER NAME 

374 --- CRT Controller Address Register CRTC Address Register 

375 00 Horizontal Total HorizontalTotal • 375 01 Horizontal Display Enable End Horizontal Display 

375 02 Start Horizontal Blanking + 

375 03 End Horizontal Blanking + 

375 04 Start Horizontal Retrace + 

375 05 End Horizontal Retrace + 

375 06 Vertical Total +Vert. Display 

375 07 Overflow + 

375 08 Preset Row Scan + 

375 09 Maximum Scan Line Maximum Scan Line Address 

375 OA Cursor Start Cursor Start 

375 OB Cursor End Cursor End 

375 OC Start Address High Start Address High 

375 00 Start Address Low Start Address Low 

375 OE Cursor Location High Cursor Location High 

375 OF Cursor Location Low Cursor Location Low 

375 10 Vertical Retrace Start Light Pen High Read 

375 11 Vertical Retrace End Light Pen Low Read 

375 12 Vertical Display Enable End 

375 13 Offset + 

375 14 Underline Location + 

375 15 Start Vertical Blank + 

375 16 End Vertical Blank + 

375 17 CRTC Mode Control + 

375 18 Line Compare + 

1. "7" Value is controlled by Bit 0 of the Miscellaneous Output Register and is programmed 
as shown below: 
o = B in Monochrome Modes 
1 = D in Color Modes 

2. "." 6845 Mode Registers are defined and explained in greater detail in the reference literature. 

3. "+" This register can be programmed in VGA mode only. It is not applicable in 6845 mode. 

4. Reserved bits should be set to zero. 

TABLE 7-4. CRT CONTROLLER REGISTERS 
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7.3 CRT CONTROLLER REGISTERS 

7.3.1 CRT Address Register, ReadlWrite 
Port = 3?4H 

BIT 

7:5 

4:0 

Bits (7:5) 

Reserved. 

FUNCTION 

Reserved 

Index bits 

Bits (4:0) - In(Jex Register Bits. 

CRT Controller index pointer bits to specify the 
register to be addressed. Its value is programmed 
in hexidecimal. 

7.3.2 Horizontal Total Register, Read/Write 
Port = 3?5H, Index = OOH 

BIT FUNCTION 

7:0 Horizontal Total Period 

Bits (7:0) - Count Plus Retrace Less Five. 

In VGA mode, the total character count is the total 
number of characters including retrace time less 
5, per horizontal scan line. 

7.3.3 Horizontal Display Enable End 
Register, ReadlWrite Port = 3?5H, Index 
01H 

BIT FUNCTION 

7:0 Displayed Characters 
per Scan Line 

Bits (7:0) - Number Of Dislay Characters 
Less One. 

This register contains the total number of dis
played characters less one. This register is locked 
if register PR3(5) = 1 or the Vertical Retrace End 
Register Bit 7 = 1. 

WD90C31 REGISTERS 

7.3.4 Start Horizontal Blanking Register, 
Read/Write Port = 3?5H, Index = 02H 

BIT FUNCTION 

7:0 Start Horizontal Blanking 

Horizontal blanking begins when the horizontal 
character counter reaches the value written in this 
register. This register is locked if register PR3(5) = 
1 or the Vertical Retrace End Register Bit 7 = 1. 

7.3.5 End Horizontal Blanking, ReadlWrite 
Port = 3?5H, Index = 03H 

This register is locked if register PR3(5) = 1 or the 
Vertical Retrace End Register Bit 7 = 1 . 

BIT 

7 

6:5 

4:0 

Bit 7 

Reserved 

FUNCTION 

Reserved 

Display Enable Signal 
Skew Control 

End Horizontal Blanking 
(lower 5 bits) 

Bits (6:5) - Display Enable Signal Skew 
Control. 

These bits define the display enable signal skew 
time in relation to horizontal synchronization pul
ses. The skew table is shown below: 

00 = 0, Character Clock Skews 

01 = 1, Character Clock Skews 

1 0 = 2, Character Clock Skews 

11 = 3, Character Clock Skews 
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Bits (4:0) - End Horizontal Blanking. 

These five bits, along with bit 7 of the End 
Horizontal Retrace Register (Index 05H), deter
mine when horizontal blanking is to end. Bits 4:0 
are the least significant bits, bit 7 is the most sig
nificant bit. 

When the least significant six bits of the Horizontal 
Character Counter matches these six bits, the 
horizontal blanking ends. 

7.3.6 Start Horizontal Retrace Pulse 
Register, ReadlWrite Port = 3?SH, 
Index = 04H 

BIT FUNCTION 

7:0 Start Horizontal Retrace 
Character Count 

Bits (7:0) - Start Horizontal Retrace 
Character Count. 

The character count at which the horizontal 
retrace output is to become active is programmed 
in this register as a hexidecimal value. This 
register is locked if register PR3(5) = 1 or the 
Vertical Retrace End Register Bit 7 = 1. 

7.3.7 End Horizontal Retrace Register, 
Read/Write Port = 3?SH, Index = OSH 

This register is locked if register PR3(5) = 1 or the 
Vertical Retrace End Register Bit 7 = 1. 

BIT FUNCTION 

7 End Horizontal Blank Bit 6 

6:5 Horizontal Retrace Delay 

4:0 End Horizontal Retrace 

Bit 7 - End Horizontal Blank Bit 6. 

This is the sixth bit (Bit 5) of the End Horizontal 
Blanking Value programmed in bits 4:0 of the End 
Horizontal Blanking Register at Port 3?5H, Index 
03H. 

WD90C31 

Bits (6:S) - Horizontal Retrace Delay. 

These bits define the horizontal retrace Signal., 
delay. 

00 = 0, Character Clock Delay 

01 = 1, Character Clock Delay 

10 = 2, Character Clock Delays 

11 = 3, Character Clock Delays 

Bits (4:0) - End Horizontal Retrace. 

The least significant five bits are programmed in 
this register. When the least significant bits of the 
Horizontal Character Counter match these five 
bits, the Horizontal Retrace signal is turned off. 

7.3.8 Vertical Total Register, Read/Write 
Port = 3?SH, Index = 06H 

This register is locked if register PR3(0) = 1, or the 
Vertical Retrace End Register Bit 7 = 1. 

BIT FUNCTION 

7:0 Raster Scan Line Total 
Less 2 

Bits (7:0) - Raster Scan Line Total Less 2. 

This register contains the least significant eight 
bits of an eleven bit count of raster scan lines for a 
display frame. The programmed value includes 
the total number of vertical scan lines, minus two. 
Time for vertical retrace and vertical sync are also 
included. Bit 10 of this count is in register PR18 
at Port 3?5H, Index 3EH, Bit o. Bits 9 and 8 of 
this count are loaded into the Vertical Overflow 
Register at Port 3?5H, Index 07H, Bit 5 and Bit 0, 
respectively. 

In 6845 mode, total vertical display time in rows is 
programmed into Bit 6 through Bit 0, while Bit 7 is 
reserved. Scan count reduction is not necessary. 
The number of scan lines in a row is determined 
by the maximum Scan Line Register (Index 09H 
Bits 4 through 0). 
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7.3.9 Overflow Vertical Register, ReadlWrite 
Port = 3?SH, Index = 07H 

BIT FUNCTION 

7 Start Vertical Retrace Bit 9 

6 End Vertical Display 
Enable Bit 9 

5 Vertical Total Bit 9 

4 Line Compare Bit 8 

3 Start Vertical Blank Bit 8 

2 Start Vertical Retrace Bit 8 

1 End Vertical Display 
Enable Bit 8 

a Vertical Total Bit 8 

® Bit 7 
Start Vertical Retrace - Bit 9. 
Bit 8 is in bii 2 of this register, bits 7:0 are at Index 
10H. 

@ Bit 6 

End Vertical Display Enable - Bit 9. 
Bit 8 is in bit 1 of this register, bits 7:0 are at Index 
12H. 

® Bit S 
Vertical Total - Bit 9. 
Bit 8 is in bit a of this register, bits 7:0 are at Index 
06H. 

Bit 4 

Line Compare - Bit 8 (Index = 18H). 

® Bit 3 

Start Vertical Blank - Bit 8 (Index =15H). 

® Bit 2 

Start Vertical Retrace - Bit 8 (Index = 10H). 

@ Bit 1 

End Vertical Display Enable - Bit 8 (Index 12H). 

@ Bit 0 

Vertical Total - Bit 8 (Index = 06H). 

WD90C31 REGISTERS 

NOTES 
CD This register is locked if Register 

PR3(5) = 1 OR the End Vertical 
Retrace Register Bit 7 = 1. 

@ This register is locked if Register 
PR3(1) = a AND the End Vertical 
Retrace Register Bit 7 = 1. 

® This register is locked if Register 
PR3(0) = 1 OR the End Vertical 
Retrace Register Bit 7 = 1. 

7.3.10 Preset Row Scan Register, ReadlWrite 
Port = 3?SH, Index = 08H 

BIT 

7 

6:5 

4:0 

Bit 7 

Reserved. 

FUNCTION 

Reserved 

Byte Panning Control 

Preset Row Scan Count 

Bits (6:S) - Byte Panning Control. 

These bits allow up to three bytes to be panned in 
modes programmed as multiple shift modes. 

BIT 6 BITS OPERATION 

a a Normal 

a 1 1 Byte Left Shift 

1 a 2 Bytes Left Shift 

1 1 3 Bytes Left Shift 

Bits (4:0) - Preset Row Scan Count. 

These bits preset the vertical row scan counter 
once after each vertical retrace. This counter is 
incremented after each horizontal retrace period, 
until the maximum row scan count is reached. 
When the maximum row scan count is reached, 
the counter is cleared. This register can be used 
for smooth vertical scrolling of text. 
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7.3.11 Maximum Scan Line Register, 
Read/Write Port = 3?5H, Index = 09H 

BIT FUNCTION 

7 200 to 400 Line Conversion 

6 Line Compare Bit 9 

5 Start Vertical Blank Bit 9 

4:0 Maximum Scan Line 

In 6845 mode, Bits 7 through 5 are reserved, 

Bit 7 • 200 to 400 Line Conversion. 

o = Normal operation. 

1 = Activate line doubling. The row scan 
counter is clocked at half the horizontal 
scan rate to allow 200 line modes to dis
play 400 scan lines. Each line is double 
scanned. 

Bit 6 • Line Compare. 

This is Bit 9 of the Line Compare Register at Port 
3?5H, Index 18H. 

Bit 5 • Start Vertical Blank. 

This is Bit 9 of the Start Vertical Blank Register at 
Port 3?5H, Index 15H. The Vertical Blank Register 
is locked if register PR3(0) = 1. 

Bits (4:0) • Maximum Scan Line. 

These bits are the maximum number of scanned 
lines for each row of characters. The value 
programmed is one less than the maximum num
ber of scanned rows per character. 

In 6845 mode, the value programmed is one less 
than the maximum scan line count for non-inter
lace mode. Interlaced mode is not supported. 

WD90C31 

7.3.12 Cursor Start Register, Read/Write 
Port = 3?5H, Index = OAH 

BIT 

7:6 

5 

4:0 

Bits (7:6) 

Reserved. 

FUNCTION 

Reserved 

Cursor Control 

Cursor Start Scan Line 

Bit 5 • Cursor Control. 

o = Cursor on. 

1 = Cursor off. 

Bits (4:0) • Cursor Start Scan Line. 

These bits specify the value of the row scan 
counter within the cursor's starting character box. 
These bits are programmed with one less than the 
value of the character row. If these bits are 
programmed with a value greater than the Cursor 
End Register at Port 3?5H, Index OBH, no cursor is 
generated. 

For 6845 modes, Bits 7 and 6 are reserved. Bit 5 
controls the cursor operation and Bits 4 through 0 
contain the cursor start value. 
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7.3.13 Cursor End Register, ReadlWrite 
Port = 3?5H, Index = OBH 

BIT FUNCTION 

7 Reserved 

6:5 Cursor Skew 

4:0 Cursor End Scan Line 

In 6845 mode, Bits 7 through 5 are reserved. 

Bit 7 

Reserved. 

Bits (6:5) - Cursor Skew Bits. 

Moves the displayed cursor to the right by the 
skew value in character clocks, e.g., one charac
ter clock skew moves the cursor right by one posi
tion on the screen. 

BIT6 BIT 5 SKEW 

0 0 o Character Clocks 

0 1 1 Character Clocks 

1 0 2 Character Clocks 

1 1 3 Character Clocks 

Bits (4:0) - Cursor End Scanline. 

These bits specify the value of the last row scan 
counter within the character box in which the cur
sor is active. If this value is less than the cursor 
start value, no cursor is displayed. 

In 6845 mode Bits 4 through 0 contain the row 
value of the cursor end. 

NOTE 
There are three types of cursors 
generated, depending upon the mode, 
i.e, EGA, VGA or 6845 (non-VGA). The 
above description refers to the VGA cur
sor only. 

WD90C31 REGISTERS 

7.3.14 Start Address High Register, 
Read/Write Port =3?5H, Index = OCH 

BIT FUNCTION 

7:0 Start Address High Byte 

Bits (7:0) - Display Screen Start Address 
Upper Byte Bits. 

These are the high order eight bits of the 16-bit 
video memory address, used for screen refresh. 
The low order 8-bit register is at Port 3?5H Index 
OOH. Register PR3 Bits 4 and 3 extend this video 
memory start register to 18 bits. 

In 6845 mode, Bits 7 and 6 are forced to 0 
regardless of this register's contents. The lower 
order eight bits are at Port 3?5H Index OOH. 

7.3.15 Start Address Low Register, ReadlWrite 
Port = 3?5H, Index = ODH 

BIT FUNCTION 

7:0 Start Address Low Byte 

Bits (7:0) - Start Address Low Byte. 

These are the low order eight bits of the 16-bit 
video memory address in VGA or 6845 modes. 

7.3.16 Cursor Location High Register, 
ReadlWrite Port = 3?5H, Index = OEH 

BIT FUNCTION 

7:0 Cursor Location High Byte 

Bits (7:0) - Cursor Address Upper Byte 
Bits. 

In VGA mode, these are the eight high order bits of 
the 16-bit cursor location. For the low order eight 
bits, see the Cursor Location Low Register at Port 
3?5H, Index OFH. Register PR3 Bits 4 and 3 ex
tend the cursor location High Register to 18 bits. 

In 6845 mode, Bits 7 and 6 are reserved, while Bits 
5 through 0 are the high order bits of the cursor. 
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7.3.17 Cursor Location Low Register, 
Read/Write Port = 3?5H, Index = OFH 

BIT FUNCTION 

7:0 Cursor Location Low Byte 

Bits (7:0) • Cursor Address Low Byte Bits. 

These are the low order eight bits of the 16-bit 
video memory address in VGA or 6845 mode. 

7.3.18 Vertical Retrace Start Register, 
Read/Write Port = 3?5H, Index = 10H 

This register is locked if register PR3(0) = 1. 

BIT FUNCTION 

7:0 Vertical Retrace Start 
(Lower eight bits) 

Bits (7:0) • Vertical Retrace Start Pulse 
Lower Eight Bits. 

In VGA mode, these are the lower eight bits of the 
11-bit Vertical Retrace Start Register. Bit 10 is 
located in 3?5H, Index 3EH, Bit 2. Bits 9 and 8 
are located in the Overflow Register at Port 3?5H, 
Index 07H. 

In 6845 compatible mode, Bits 7 and 6 are 
reserved and bits 5 through 0 are the high order 
six bits. Bits 5 through 0 are shown as the light 
pen read back value. The lower order eight bits of 
the Light Pen Read Back Register are at the Index 
11 H. 

In EGA compatible mode this register shows the 
high order eight bits as the light pen value. 

WD90C31 

7.3.19 Vertical Retrace End Register, 
Read/Write Port = 3?5H, Index = 11H 

This register is locked if register PR3(0) = 1. 

BIT FUNCTION 

7 CRTC 0-7 Write Protect 

6 Select 3/5 DRAM Refresh 

5 Enable Vertical Interrupt 

4 Clear Vertical Interrupt 

3:0 Vertical Retrace End 

Bit 7· CRTC Registers Write Protect. 

o = Enables writing to CRT index registers 
00H-07H. 

1 = Write protects CRT Controller index 
registers in the range of index 00H-07H. 
Line Compare Bit 4 in the Overflow 
Register (07H) is not protected. 

Bit 6 • DRAM Refresh/Horizontal Scan 
Line. 

This bit selects DRAM refresh cycles per horizon
tal scan line. 

o = Generates three refresh cycles for each 
horizontal scan line for normal VGA 
operation. 

1 = Generates five DRAM refresh cycles per 
horizontal scan line. 

Bit 5 • Enable Vertical Retrace Interrupt. 

o = Enable vertical retrace interrupt. 

1 = Disable vertical retrace interrupt. 

Bit 4 • Clear Vertical Retrace Interrupt. 

o = Clears vertical retrace interrupt by reset
ting (writing a 0 to) an internal flip flop. 

1 = Vertical retrace interrupt. Allows an inter
rupt to be generated after the last dis
played scan of the frame has occurred 
(Le., the start of the bottom border). 
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Bits (3:0) - Vertical Retrace End. 

These bits specify the scan count at which vertical 
sync becomes inactive. For retrace signal pulse 
width "W", add scan counter for "W" to the value 
of the Vertical Retrace Start Register. The four-bit 
result is written in the Vertical Retrace End 
Register. 

In 6845 or EGA compatible mode, this register 
allows the read back value of the lower eight bits 
of Light Pen Register. 

7.3.20 Vertical Display Enable End Register, 
Read/Write Port = 3?5H, Index = 12H 

BIT FUNCTION 

7:0 Vertical Display Enable 
End (Lower eight bits) 

Bits (7:0) - Vertical Display Enable End 
Lower Eight Bits. 

These bits define where the active display frame 
ends and are the lower eight bits of an 11-bit 
register. The programmed count is in scan lines 
minus one. Bit 10 is in Port 3?5H, Index 3EH, Bit 
10. Bits 9 and 8 are in the Overflow Register at 
Port 3?5H, Index 07H, Bits 6 and 1, respectively. 

7.3.21 Offset Register, Read/Write Port = 
3?5H, Index = 13H 

BIT FUNCTION 
.-.-.-.-.-.. -.-.-.------------1 

7:0 Logical Line Screen Width 

Bits (7:0) - Logical Line Screen Width. 

This register specifies the width of display 
memory in terms of an offset from the current row 
start address to the next character row. The offset 
value is a word address adjusted for word or 
double word display memory access. It is calcu
lated as follows: 

Next Row Scan Start Address = Current Row 
Scan Start Address + (K • value in Offset 
Register), where K = 2 in byte mode and K = 4 in 
word mode. 

WD90C31 REGISTERS 

7.3.22 Underline Location Register, 
Read/Write Port = 3?5H, Index = 14H 

BIT 

7 

6 

5 

4:0 

Bit 7 

Reserved. 

FUNCTION 

Reserved 

Doubleword Mode 

Count by 4 

Underline Location 

Bit 6 - Doubleword Mode. 

o = Display memory addressed for byte or 
word access. 

1 = Display memory addressed for double 
word access. 

Bit 5 - Count by Four for Double Word 
Access. 

o = Memory address counter clocked for 
byte or word access. 

1 = Memory address counter is clocked at 
the character clock rate divided by four. 

Bits (4:0) - Underline Location. 

These bits specify the row scan counter value 
within a character matrix where underline is to be 
displayed. Load a value one less than the desired 
scan line number. 
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7.3.23 Start Vertical Blank Register, 
Read/Write Port = 3?5H, Index =15H 

This register is locked if register PR3(0) = 1. 

BIT FUNCTION 

7:0 Start Vertical Blank 
(Lower eight bits) 

Bits (7:0) - Start Vertical Blank Lower 
Eight Bits. 

These are the lower eight bits of the 11-bit Start 
Vertical Blank Register. Bit 10 is in register PR18 
at Port 3?5H, Index 3EH, Bit 3. Bit 9 is in the 
Maximum Scan Line Register at Port 3?5H, Index 
09H. Bit 8 is in the Overflow Register at Port 
3?5H, Index 07H. 

The eleventh bit value is reduced by one from the 
desired scan line count where the vertical blank
ing signal starts. 

7.3.24 End Vertical Blank Register, ReadIWrite 
Port = 3?5H, Index = 16H 

This register is locked if register PR3(O) = 1. 

BIT FUNCTION 

7:0 End Vertical Blank 

Bits (7:0) - Vertical Blank Inactive Count. 

End Vertical Blank is an eight-bit value calculated 
as follows: 

Eight-bit End Vertical Blank value = (value of Start 
Vertical Blank minus one) + (value of Vertical 
Blank signal width in scan lines). 

WD90C31 

7.3.25 CRT Mode Control Register, ReadIWrite 
Port = 3?5H, Index = 17H 

This register is locked if register PR3(5) = 1. 

BIT FUNCTION 

7 Hardware Reset 

6 Word or Byte Mode 

5 Address Wrap 

4 Reserved 

3 Count by 2 

2 Horizontal Retrace Select 

1 Select Row Scan Counter 

0 CGA Compatibility 

Bit 7 - Hardware Reset. 

o = Horizontal and vertical retrace outputs in
active. 

1 = Horizontal and vertical retrace outputs 
enabled. 

Bit 6 - Word or Byte Mode. 

o = Word address mode. All memory ad
dress counter bits shift down by one bit 
and the MSB of the address counter ap
pears on the LSB. See the following 
Table. 

1 = Byte address mode. 

CRT14H CRT17H ADDRESS 
Bit 6 Bit 6 Mode 

0 0 Word 

0 1 Byte 

1 X Doubleword 
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Bit 5 - Address Wrap. 

0= In word address mode, this bit enables 
Bit 13 to appear at MAO, otherwise Bit 0 
appears on MAO. 

1 = Select MA 15 for odd/even mode when 
256 Kbytes of video memory is used on 
the system board. 

Bit 4 
Reserved. 

Bit 3 - Count by 2. 

o = Character clock increments memory ad
dress-counter. 

1 = Character clock divided by two incre
ments the address counter. 

WD90C31 REGISTERS 

Bit 2 - Horizontal Retrace Clock Rate 
Select for Vertical Timing Counter. 

o = Selects horizontal retrace clock rate 

1 = Selects horizontal retrace clock rate 
divided by two. 

Bit 1 - Select Row Scan Counter. 

o = Selects row scan counter Bit 1 as output 
at MA14 address pin. 

1 = Selects Bit 14 of the CRTC address 
counter as output at MA 14 pin. 

Bit 0 - 6845 CRT Controller Compatibility 
Mode Support for CGA Operation. 

o = Row scan address Bit 0 is substituted for 
memory address Bit 13 at MA13 output 
pin during active display time. 

1 = Enable memory address pin 13 to be out
put at tw1A 13 addreSS pin. 
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MEMORY ADDRESS BYTE ADDRESS MODE WORD ADDRESS DOUBLE WORD 
MODE ADDRESS MODE 

MAO/RFO MAO *MA15 OR MA13 MA12 

MA1/RF1 1 0 MA13 • MA2IRF2 2 1 0 

MA3/RF3 3 2 1 

MA4/RF4 4 3 2 

MA5/RF5 5 4 3 

MA6/RF6 6 5 4 

MA7/RF7 7 6 5 

MA8/RF8 8 7 6 

MA9 9 8 7 

MA10 10 9 8 

MA11 11 10 9 

MA12 12 11 10 

MA13 13 12 11 

MA14 14 13 12 

MA15 15 14 13 

NOTE: 
* See Bit 5, defining address wrap. This table is only applicable when register PR1 Bits 7 and 6 equal 
zero, or PR16 Bit 1 equals one. 

The CRT Underline Location Register (Index = 14H) Bit 6 also controls addressing. However, when 
CRT14H(6) = 0, only the CRT Mode Control Register (index 17H) Bit 6 controls addressing. 

TABLE 7·5. WORD OR BYTE MODE 
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7.3.26 Line Compare Register, ReadlWrite 
Port = 3?5H, Index = 18H 

BIT FUNCTION 

7:0 Line Compare 
(lower eight bits) 

Bits (7:0) - Line Compare Lower Eight Bits. 

These are the lower eight bits of the ten-bit Scan 
Line Compare Register. Bit 9 is in the Maximum 
Scan Line Register at Port 3?SH, Index 09H. Bit 8 
is in the Overflow Register at Port 3?SH, Index 
07H. When the vertical counter reaches the value 
programmed in the Scan Line Compare Register, 
the internal start of the line counter is cleared. 

7.4 GRAPHICS CONTROLLER REGISTERS 

PORT INDEX NAME 
(HEX) (HEX) 

3CE - Graphics Index Register 

3CF 00 Set/Reset 

3CF 01 Enable Set/Reset 

3CF 02 Color Compare 

3CF 03 Data Rotate 

3CF 04 Read Map Select 

3CF OS Graphics Mode 

3CF 06 Miscellaneous 

3CF 07 Color Don't Care 

3CF 08 Bit Mask 

NOTE 
Reserved bits should be set to zero. 

WD90C31 REGISTERS 

7.4.1 Graphics Index Register, ReadlWrite 
Port = 3CEH 

BIT 

7:4 

3:0 

Bits (7:4) 

Reserved. 

FUNCTION 

Reserved 

Graphics Address Bits 

Bits (3:0) - Graphics Controller Register 
Index Pointer Bits. 

NOTE 
Some of the PR registers reside with the 
index pointer extension beyond the 
standard VGA Graphics Controller 
registers. 

7.4.2 Set/Reset Register, ReadlWrite 
Port = 3CFH, index = OOH 

BIT 

7:4 

3 

2 

1 

0 

Bits (7:4) 

Reserved. 

FUNCTION 

Reserved 

Set/Reset Map 3 

Set/Reset Map 2 

Set/Reset Map 1 

Set/Reset Map.O 
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Bits (3:0) - Set/Reset Map. 7.4.3 Enable Set/Reset Register, Read/Write 
Port = 3CFH, Index = 01 H 

When the CPU executes display memory write, II 
with Write Mode O· selected and the Enable : 
Set/Reset Register at Port 3CFH, Index 01 H ac
tivated, the eight bits of the bit value in this 
register, which have been operated on by the Bit 
Mask Register, are then written to the correspond
ing display memory map. It is an eight-bit fill 
operation. 

BIT FUNCTION 

0= Reset. 

1 = Set. 

BIT 

3 

2 

1 

0 

SET/RESET 

Map 3 

Map 2 

Map 1 

Map 0 

NOTE* 
The selection of Write Mode 0 is deter
mined by the Graphics Mode Register 
(Index = 05H) Bit 1 and Bit o. 

7:4 

3 

2 

1 

0 

Bits (7:4) 

Reserved. 

Reserved 

Enable Set/Reset Map 3 

Enable Set/Reset Map 2 

Enable Set/Reset Map 1 

Enable Set/Reset Map 0 

Bits (3:0) - Enable Set/Reset Register 
(Index OOH). 

o = When Write Mode 0 is selected, the cor
responding bit (3:0) set to 0, disables. 
the Set/Reset Register (Index = OOH) 
Memory Map access and the map is writ
ten with the rotated 8-bit data from the 
system microprocessor, as defined by 
the Data Rotate Register. 

1 = When Write Mode 0 is selected, the cor
responding bit (3:0) enables Memory 
Map access defined by the Set/Reset 
Register (Index = OOH), and the respec
tive memory map is written with the 
Set/Reset Register value. 
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7.4.4 Color Compare Register, Read/Write 
Port = 3CFH, Index = 02H 

BIT 

7:4 

3 

2 

1 

0 

Bits (7:4) 

Reserved. 

FUNCTION 

Reserved 

Color Compare Map 3 

Color Compare Map 2 

Color Compare Map 1 

Color Compare Map 0 

Bits (3:0) - Color Compare. 

The Color Compare bits contain the value to 
which all eight bits of the corresponding memory 
map are compared. This comparison also occurs 
across all four maps and a 1 is returned for the 
map positions when the bits of a!! four maps equal 
the Color Compare Register. If a system read is 
done with Bit 3 = 0 for the Graphics Mode 
Register at Port 3CFH, Index 05H, data is 
returned without comparison. Color compare map 
coding is shown below. 

BIT COLOR COMPARE 

3 Map3 

2 Map 2 

1 Map 1 

0 Map 0 

WD90C31 REGISTERS 

7.4.5 Data Rotate Register, ReadlWrite 
Port = 3CFH, Index = 03H 

BIT 

7:5 

4 

3 

2 

1 

0 

Bits (7:5) 

Reserved. 

FUNCTION 

Reserved 

Function Select 1 

Function Select 0 

Rotate Count Bit 2 

Rotate Count Bit 1 

Rotate Count Bit 0 

Bits (4:3) - Function Select. 

This is the Function Select for any of the write 
mode operations defined in the Graphics Mode 
Register at Port 3CFH, Index OSH as defined 
below. 

00 = Video memory data unmodified. 

01 = Video memory data ANDed with system 
data in the latches. 

10 = Video memory data ORed with system 
data in the latches. 

11 = Video memory data XORed with system 
data in the latches. 

NOTE 
"Data" refers to CPU data that has gone 
through data rotation. The latches con
tain the data from the last memory read 
operation. 

Bits (2:0) - Rotate Count. 

These bits specify the number of bit positions of 
rotation to the right. Data written by the CPU is 
rotated in write mode 0, defined by the Graphics 
Mode Register at Port 3CFH, Index 05H. 
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7.4.6 Read Map Select Register, Read/Write 
Port = 3CFH, Index = 04H 

BIT 

7:2 

1 

a 

Bits (7:2) 

Reserved. 

FUNCTION 

Reserved 

Map Select 1 

Map Select a 

Bits (1 :0) - Map Select. 

These bits select the memory map in memory 
read operations. It has no effect on color compare 
read mode. In odd/even modes, the value is 
defined below. 

BIT1 BITO READ 
MAP 

a a a 

a 1 1 

1 0 2 

1 1 3 

7.4.7 Graphics Mode Register, Read/Write 
Port = 3CFH, Index = 05H 

BIT 

Bit 7 

Reserved. 

7 

6 

5 

4 

3 

2 

1 

a 

FUNCTION 

Reserved 

256 Color Mode 

Shift Register 

CGA Odd/Even 

Read Type 

Reserved 

Write Mode bit 1 

Write Mode bit a 

WD90C31 

Bit 6 - 256 Color Mode. 

a = Enables Bit 5 of this register to control • 
loading of the shift registers. Four-bit : 
pixel is expanded to six bits through in-
ternal palette and is sent out on the 
lower six bits (VID5 - VIDa) pins every 
dot clock. The remaining two video out-
puts (VID7, VID6) are determined by 
Bits 3 and 2 of the Color Select Register 
located at Port 3C1 H/3CaH, Index 14H 
within the Attribute Controller. 

= Load Video Shift Registers to support 
256-color mode. 

Bit 5 - Shift Register. 

Shift Register Load controls the way in which 
memory data is formatted in the four Video Shift 
Registers. MSB is shifted out in all cases. 

a = Map 3 through Map a data is placed into 
shift registers for normal operations. 

1 = For CGA graphics mode compatibility, 
even numbered bits from all the maps 
are shifted out of even numbered shift 
registers, and odd numbered bits from 
all the maps are shifted out of odd num
bered shift registers. 

Bit 4 - Odd/Even Mode. 

a = Normal 

1 = CGA compatible odd/even system ac
cess mode. Sequential addressing as 
defined by Bit 2 of the Sequencer 
Memory Mode Register at Port 3CFH, 
Index 04H. Even system addresses ac
cess Maps 2 or 0 and odd system ad
dresses access Maps 3 or 1. 

Bit 3 - Read Mode. 

a = System reads data from memory maps 
selected by Read Map Select Register 
at Port 3CFH, Index a4H. This setting 
has no effect if Bit 3 of the Sequencer 
Memory Mode Register = 1. 

1 = System reads the comparison of the 
memory maps and the Color Compare 
Register. 
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BIT 1 

0 

0 

1 

1 

Bit 2 
Reserved. 

BITO 

0 

1 

0 

1 

WD90C31 REGISTERS 

WRITE MODE 

Write Mode O. If the SeVReset Register function is enabled for any of the maps, 
the eight bits of the bit value in the SeVReset Register, which have been 
operated on by the Bit Mask Register, are then written to the corresponding dis-
play memory map. If the SeVReset Register function is disabled, the map is writ-
ten with the CPU data which is rotated right by the number of bits defined in the 
Data Rotate Register (with the old LSB now the new MSB). 

Write Mode 1. This mode can be used to write the same value to many 
memory locations. The 32 bits of data in the system latches are written into 
each of the four memory maps. The system read operation loads the latches. 

Write Mode 2. Memory maps (3:0) are filled with the eight-bit value of the cor-
responding CPU data bits (3:0). The 32-bit output of the four memory maps is 
then operated on by the Bit Mask Register and the resulting data is written to 
the four memory maps. 

Write Mode 3. Eight bits of the value contained in the SeVReset Register (index 
= OOH) is written into the corresponding map, regardless of the Enable SeVReset 
Register (index = 01 H). The right rotated CPU data (see Write Mode 0) is ANDed 
with Bit Mask Register data to form an eight-bit mask value that performs the 
same function as the Bit Mask Register in Write Modes 0 and 2. 

TABLE 7-6. WRITE MODES 

Bits (3:2) • Memory Map 1, O. 

Bits (1 :0) • Write Mode. 

Display memory map control into the CPU ad
dress space is shown below: 

Table 7-6 defines the four write modes. 

7.4.8 Miscellaneous Register, Read/Write 
Port = 3CFH, Index = 06H 

BIT 

7:4 

3 

2 

1 

0 

Bits (7:4) 

Reserved. 

FUNCTION 

Reserved 

Memory Map 1 

Memory Map 0 

Odd/Even 

Graphics Mode 

81T3 BiT 2 CPU ADDRESS LENGTH 
RANGE 

0 0 AOOO:OH- 128KB 
BFFF:FH 

0 1 AOOO:OH- 64KB 
AFFF:FH 

1 0 BOOO:OH- 32KB 
B7FF:FH 

1 1 B800:0H- 32KB 
BFFF:FH 

Bit 1 • Odd/Even Mode. 

o = CPU address Bit AO is the memory ad
dress Bit MAO. 

1 = CPU address Bit A is replaced by higher 
order address bit. AO is then used to 
select odd or even maps. AO = 0 selects 
Map 2 or 0, while AO = 1 selects Map 3 
or 1. . 
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Bit 0 - Graphics/Alphanumeric Mode. 

This bit is programmed the same way as Bit a of 
the Attribute Mode Control Register at Port 
3C1 H/3COH, Index 10H. 

a = Alphanumeric mode selects. 

1 = Graphics mode selected. 

7.4.9 Color Don't Care Register, Read/Write 
Port = 3CFH, Index = 07H 

BIT 

7:4 

3 

2 

1 

a 

Bits (7:4) 

Reserved. 

FUNCTION 

Reserved 

Memory Map 3 

Memory Map 2 

Memory Map 1 

Memory Map a 

Bits (3:0) - Memory Map Color Compare 
Operation. 

a = Disable color compare operation. 

1 = Enable color compare operation. 

7.4.10 Bit Mask Register, Read/Write 
Port = 3CFH, Index = OSH 

BIT FUNCTION 

7:0 Bit Mask 

Bits (7:0) - Bit Mask. 

Bit Mask operation applies simultaneously to all 
four maps. In Write Modes 2 and 0, this register 
provides selective changes to any bit stored in the 
system latches during processor writes. Data 
must be first latched by reading the addressed 
byte. After setting the Bit Mask Register, new 
data is written to the same byte in a subsequent 
operation. Bit mask operation is applicable to any 
data written by the processor. 

WD90C31 

a = Bit position value is masked or is not 
changeable. 

1 = Bit position value is unmasked and can .' 
be changed in the corresponding map. 

7.5 ATTRIBUTE CONTROLLER REGISTERS 

PORT INDEX NAME 
(HEX) (HEX) 

3CO -- Index Register 

3CO OO-OF Palette Registers 

3eO 10 Attribute Mode Control 
Register 

3CO 11 Overscan Control Register 

3CO 12 Color Plane Enable 
Register 

3CO 13 Horizontal PEL Panning 
Register 

3CO 14 Color Select Register 

NOTES 
1. The Attribute Index Register has an 

internal flip-flop rather than an input 
bit to control the selection of the Ad
dress and Data Registers. Reading 
the Input Status Register 1 (Port 
3?AH) clears the flip-flop and selects 
the Address Register, which is read at 
address 3C1 H and written at address 
3COH. Once the Address Register 
has been loaded with an index, the 
next write operation to 3COH loads 
the Data Register. The flip-flop tog
gles between the Address and the 
Data Registers after every write to ad
dress 3COH but does not toggle for 
reads from address 3C1 H. 

2. Attribute Register data is written at 
3COH and register data is read from 
address 3C1 H. 

3. Reserved bits should be set to zero. 
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7.S.1 Attribute Index Register, Read!Write 
Port = 3COH 

BIT 

7:6 

5 

4:0 

Bits (7:6) 
Reserved. 

FUNCTION 

Reserved 

Palette Address Source 

Attribute Address Bits 

Bit S - Palette Address Source. 

o = Disable internal color palette outputs 
and video outputs to allow CPU access 
to Color Palette Registers Port 3COH, 
Index 00 - OFH. 

1 = Enable internal color palette and normal 
video translation. 

Bits (4:0; - Attribute Controller Index 
Register Address Bits. 

7.5.2 Palette Registers, Read Port = 3C1H, 
Write Port = 3COH, Index OO-OFH 

BIT 

7:6 

5 

4 

3 

2 

1 

0 

Bits (7:6) 

Reserved. 

FUNCTION 

Reserved 

VID5 

VID4 

VID3 

VID2 

VID1 

VIDO 

WD90C31 REGISTERS 

Bits (5:0) - Palette Pixel Colors. 

Bits 5 through 0 control VID5 through VIDO 
respectfully. 

They are defined as follows: 

o = Current pixel color deselected. 

1 = Enables the corresponding pixel color. 

7.5.3 Attribute Mode Control Register, 
Read Port = 3C1 H, Write Port = 3COH, 
Index = 10H 

BIT FUNCTION 

7 VID5, VID4 Select 

6 PEL Width 

5 PEL Panning 
Compatibility 

4 Reserved 

3 Enable Blink/Select 
Background Intensity 

2 Enable Line Graphics 
Character Code 

1 Mono-Emulation 

0 Graphics! Alphanumeric 
Mode 

Bit 7 - VIDS, VID4 Select. 

o = VID5 and VID4 palette register outputs 
are selected. 

1 = Color Select Register Port 3C1 H!3COH, 
Index 14H, Bits 1 and 0 are selected for 
outputs at VID5 and VID4 pins. 

Bit 6 - Pixel Width. 

o = Disable 256 color mode pixel width. The 
PCLK output is the same as the internal 
dot clock rate. 

1 = Enable pixel width for 256 color mode. 
The PCLK output is the internal dot 
clock divided by two. 
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Bit 5 - PEL Panning Compatibility. 

Line Compare in the CRT Controller. 

o = A Line compare will have no effect on 
the PEL Panning Register. 

1 = Allows a successful line compare to dis
able the PEL Panning Register and Bits 
6 and 5 of the CRT Controller Register 
08 until VSYNC occurs. Allows pixel 
panning of a selected portion of the 
screen. 

Bit 4 

Reserved. 

Bit 3 - Background Intensity/Blink 
Selection. 

o = Selects background intensity from the 
MSB of the attribute byte. 

1 = Selects blink attribute. 

Bit 2 - Enable Line Graphics Character 
Code. 

This bit should be set to zero for character fonts 
that do not utilize line graphics character codes. 

o = Forces the ninth dot to be the same 
color as the background in line graphics 
character codes .. 

1 = Used in MDA line graphics modes. The 
ninth dot character is forced to be identi
cal to the eighth character dot. 

Bit 1 - Mono/Color Emulation. 

o = Color display attributes. 

1 = MDA attributes. 

Bit 0 - Graphics/Alphanumeric Mode 
Enable. 

o = Alphanumeric mode. 

1 = Graphics mode. 

WD90C31 

7.5.4 Overscan Color Register, Read 
Port = 3C1 H, Write Port = 3COH, 
Index = 11H 

BIT FUNCTION 

7 VID7 

6 VID6 

5 VID5 

4 VID4 

3 VID3 

2 VID2 

1 VID1 

0 VIDO 

Bits (7:0) - Overscan/Border Color. 

These bits determine the overscan or border 
color. For monochrome display, this register is set 
to O. Border colors are set as shown above. 

7.5.5 Color Plane Enable Register, Read 
Port = 3C1H, Write Port = 3COH, 
Index = 12H 

BIT 

7:6 

5 

4 

3:0 

Bits (7:6) 

Reserved. 

FUNCTION 

Reserved 

Video Status MUX1 

Video Status MUXO 

Enable Color Plane 
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Bits (5:4) - Video Status Control. 

These bits select two out of eight color outputs 
which can be read by the Input Status Register 1 
at Port 3?AH, Bits 5 and 4. 

COLOR PLANE INPUT STATUS 
REGISTER 1 

BITS BIT4 BITS BIT4 

0 0 VID2 VIDa 

0 1 VID5 VID4 

1 0 VID3 VIOl 

1 1 VID7 VID6 

Bits (3:0) - Color Plane Enable. 

o = Disables respective color planes. For
ces pixel bit to 0 before it addresses 
palette. 

I = Enables the respective display memory 
color plane. 

7.5.6 Horizontal Pel Panning Register, 
Read Port = 3Cl H, Write Port = 3COH, 
Index = 13H 

BIT 

7:4 

3:0 

Bits (7:4) 

Reserved. 

FUNCTION 

Reserved 

Horizontal PEL Panning 

Bits (3:0) - Horizontal Pixel Panning. 

Horizontal Pixel Panning is available in text or 
graphics modes. These bits select pixel shift to 
the left. For nine dots/character modes, up to 
eight pixels can be shifted. Likewise, for eight 
dots/character up to seven pixels can be shifted. 
For 256 color, up to three position pixel shifts can 
occur. The following table defines the shift in dif
ferent modes. 

WD90C31 REGISTERS 

LEFT SHIFT PIXEL VALUE 

Register 9 Dots 8 dots 256 
Value Character Character Color 

Mode 

0 1 0 0 

1 2 1 --
2 3 2 1 

3 4 3 --
4 5 4 2 

5 6 5 --
6 7 6 3 

7 8 7 --
8 a -- --

7.5.7 Color Select Register, 
Read Port = 3Cl H, Write Port = 3COH, 
Index = 14H 

BIT 

7:4 

3 

2 

1 

0 

Bits (7:4) 

Reserved. 

FUNCTION 

Reserved 

S_Color7 

S_Color 6 

S_Color5 

S_Color4 

Bits (3:2) - Color Value MSB. 

These are the two most significant bits of the 
eight-digit color value for the video DAC. They 
are normally used in all modes except 256 color 
graphics. 

Bit 3 = Set color bit VID7. 

Bit 2 = Set color bit VID6. 
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Bits (1 :0) - Substituted Color Value Bits. 

These bits can be substituted for VID5 an VID4 
output by the Attribute Controller palette registers, 
to create eight-bit color value. They are selected 
by the Attribute Controller Mode Control Register 
at Port 3COH, Index 10H. 

7.6 COMPATIBILITY REGISTERS 

NAME PORT (HEX) 

Mode Control Register 378 

Color Select Register 3D9 

Status Register 37A 

AT&T/M24 Register 3DE 

Hercules Register 3BF 

Preset Light Pen Latch 3B9 (Mono) 
3DC (CGA) 

Clear Light Pen Latch 37B 

NOTES 
1. The Compatibility Registers are avail

able only in 6845 mode (non-VGA), 
which is enabled by setting register 
PR2(6) = 1. 

2. The AT&T/M24 Register also requires 
that M24 mode be enabled. This is 
done by setting register PR2(7) = 1. 

3. "7" Value is controlled by Bit 0 of the 
Miscellaneous Output Register at 
Port 3CCH/3C2H and is programmed 
as shown below: 
o = B in Monochrome Modes 
1 = D in Color Modes. 

WD90C31 

7.6.1 Hercules/MDA Mode Control Register, 
MDA Operation Write Only Port = 3B8H 

BIT FUNCTION 

7 Reserved/Display 
Memory Page Select 

6 Reserved 

5 Enable Blink 

4 Reserved 

3 Video Enable 

2 Reserved 

1 Reserved/ Port 3BFH 
Enable 

0 High Resolution Mode 

Bit 7 - Select Display Memory Page 
Address In Hercules Mode. 

Reserved in MDA mode. 

In Hercules Graphics mode, this bit selects the 
Display Memory Page if Bit 1 of this register is 1 
and Bit 0 in Port 3BFH is O. 

o = Display memory page address starts at 
BOOO:OH. 

1 = Display memory page address starts at 
B800:0H. 

Bit 6 
Reserved. 

Bit 5 - Enable Blink. 

0= Disable Blinking. 

1 = Enable Blinking. 

Bit 4 
Reserved. 

Bit 3 - Video Enable. 

0= Video Disabled. 

1 = Video Activated. 

ADVANCE INFORMATION 11/25/91 18-61 

• 



WD90C31 

Bit 2 

Reserved. 

Bit 1 - Port 3BFH Enabled. 

o = Prevents setting of Port 3BFH Bits 1 :0, 
thereby forcing the alpha mode opera
tion. 

1 = Allows the Port 3BFH Bits 1:0 to switch 
for the alpha or graphics mode selection. 

Bit 0 - High Resolution Mode. 

Should be set to "1". 

o = High resolution disabled. 

1 = High resolution is enabled. 

7.6.2 Hercules Registers 

The Hercules Mode Register is a two-bit write only 
register located at I/O port address 3BFH. It af
fects the device operation only in the 6845 mode. 
The Enable Mode Register located at address 
3B8H overrides the write port 3BFH functions 
defined by its Bits 1 and O. 

7.6.3 Enable Mode Register Port 3BBH 

BIT FUNCTION 

7 Display Memory Page 
Address Graphics Mode 

6 Reserved 

5 Enable Blink 

4 Reserved 

3 Video Enable 

2 Reserved 

1 Port 3BF Bit 0 Override 

0 High Resolution 
Mode = 1 

WD90C31 REGISTERS 

Bit 7 - Select Display Memory Page 
Address In Graphics Mode. 

o = Display memory page address starts at 
BOOO:OH. 

1 = Display memory page address starts at 
B800:0H. 

Bits (6:2, 0) 

Not applicable in Hercules Mode. 

Bit 1 - Port 3BFH, Bit 0 Override. 

0= Prevents setting of Port 3BFH, Bit 0, 
thereby forcing the Alpha Mode operation. 

1 = Allows the Port 3BFH, Bit 0 to switch for 
the Alpha or Graphics Mode selection. 

7.6.4 Hercules Compatibility Register, Write 
Only Port = 3BFH 

BIT 

7:2 

1 

0 

Bits (7:2) 

Reserved. 

FUNCTION 

Reserved 

Upper Memory Page Address 

Enable Graphics 

Bit 1 - Upper Memory Page Address. 

In the graphics mode, Bit 7 of the Enable Mode 
Control Register at Port 3B8H selects the dis
played memory page address. When that bit is 
reset, Bit 1 of this register prevents access to the 
second memory page, located at B800:0H for the 
32 Kbyte memory space. 

o = Upper memory page is mapped out. 

1 = Upper memory page is accessible. 

Bit 0 - Enable Graphics. 

Bit 1 of Enable Mode Register at Port 3B8H may 
prevent setting this bit, thereby selecting Alpha 
Mode display. 

o = Alpha mode display. 

1 = Graphics modes may be displayed. 
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7.6.5 Color CGA Operation Register, 
Write Only Port = 3D8H 

BIT 

7:6 

5 

4 

3 

2 

1 

0 

Bits (7:6) 

Reserved. 

FUNCTION 

Reserved 

Enable Blink 

BIW Graphics Mode 

Enable Video 

BIW/Color Mode Select 

Graphics/Alpha Mode 
Select 

Alpha Mode 

Bit 5 - Enable Blink Function. 

o = Disables blinking function. 

1 = For normal operation, set this bit to allow 
blinking. 

Bit 4 - B/W Graphics Mode Enable. 

o = Deselect 640 by 200 B/W graphics 
mode. 

1 = Enable 640 by 200 B/W graphics mode. 

Bit 3 - Activate Video Signal. 

o = Deactivates video signal. This is done 
during mode changes. 

1 = BIW mode enabled. 

Bit 2 - B/W or Color Display Mode. 

o = Color Mode Selected. 

1 = BIW Mode Selected. 

Bit 1 - Text or Graphics Mode Selection. 

o = Alpha mode enabled. 

1 = Graphics mode (320 by 200) activated. 

WD90C31 

Bit 0 - (40 by 25) or (80 by 25) Text Mode 
Selection. 

o = 40 by 25 alpha mode enabled. 

1 = 80 by 25 alpha mode activated. 

7.6.6 CGA Color Select Register, Write Only 
Port = 3D9H 

BIT 

7:6 

5 

4 

3 

2 

1 

0 

Bits (7:6) 

Reserved. 

FUNCTION 

Reserved 

Graphics Mode Color 
Set 

Alternate Color Set 

Border Intensity 

Red Border 

Green Border 

Blue Border 

Bit 5 - 320 by 200 Color Set Select for the 
CGA (two bits per pixel). 

o = Background, green, red, brown colors. 

1 = Background, cyan, magenta, white 
colors. 

Bit 4 - Alternate Color Set Enable. 

o = Background color in alpha mode. 

1 = Enable alternate color set in graphics 
mode. 

Bit 3 - Border Intensity. 

Border color select in text modes and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 

Alphanumeric mode. 

1 = Selects intensified border color. 
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320 by 200 Graphics Mode. 

1 = Selects intensified background and bor
der color (CO - C1). 

640 by 200 Graphics Mode. 

1 = Selects red foreground color. 

Bit 2 - Red Border/Background. 

Border color select in text modes and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 

Alphanumeric Mode. 

1 = Selects red border color. 

320 by 200 Graphics Mode. 

1 = Selects red background and border color 
(CO - C1). 

640 by 200 Graphics Mode. 

1 = Selects red foreground color. 

Bit 1 - Green Border/Background. 

Border color select in text modes, and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 

Alphanumeric Mode. 

1 = Selects green border color. 

320 by 200 Graphics Mode. 

1 = Selects green background and border 
color (CO - C1). 

640 by 200 Graphics Mode. 

1 = Selects green foreground color. 

Bit 0 - Blue Border/Background. 

Border color select in text modes and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 

Alphanumeric Mode. 

1 = Selects blue border color. 

WD90C31 REGISTERS 

320 by 200 Graphics Mode. 

1 = Select blue background and border color 
(CO-C1). 

640 by 200 Graphics Mode. 

1 = Selects blue foreground color. 

7.6.7 CRT Status Register, MDA Operation, 
Read Only Port = 3BAH 

BIT FUNCTION 

7 VSYNC Inactive 

6:4 Reserved 

3 BIW Video Enabled 

2:1 Reserved 

0 Display Enable Inactive 

Bit 7 - Vertical Retrace. 

o = Indicates that the raster is in vertical 
retrace mode. 

1 = Indicates vertical retrace is inactive (in
verted VSYNC if I/O is mapped into 
3BX). 

Bits (6:4) 

Reserved. 

Bit 3 - B/W Video Status. 

o = BIW Video disabled. 

1 = BIW Video enabled. 

Bits (2:1) 

Reserved. 

Bit 0 - Display Enable. 

o = Display Enable is active. 

1 = Indicates that the screen border or blank
ing is active; Display Enable is inactive. 

18-64 ADVANCE INFORM A T/ON 11/25/91 



WD90C31 REGISTERS 

7.6.B CRT Status Register, CGA Operation, 
Read Only Port = 3DAH 

BIT 

7:4 

3 

2 

1 

0 

Bits (7:4) 

Reserved. 

FUNCTION 

Reserved 

VSYNC Active 

Light Pen Switch Status 

Light Pen Latch Set 

Display Enable Inactive 

Bit 3 - Vertical Retrace. 

o = Indicates that vertical retrace is inactive. 

1 = Indicates that the raster is in vertical 
retrace mode. 

Bit 2 - Light Pen Switch Status. 

o = Light pen switch closed. 

1 = Light pen switch open 

Bit 1 - Light Pen Latch. 

o = Light pen latch cleared. 

1 = Light pen latch set. 

Bit 0 - Display Enable. 

o = Display Enable is active. 

1 = Indicates that the screen border or blank
ing is active; Display Enable is inactive. 

7.6.9 AT&T/M24 Register, Write Only 
Port = 3DEH 

This is a write only, eight-bit register located at 
address 3DEH. It is used to control the 640 by 
400 AT&T graphics mode. All bits are set to zero 
by reset. This register is enabled by setting Bit 7 
in register PR2. 

BIT 

7 

6 

5:4 

3 

2 

1 

0 

Bits (7, 5, 4, 1) 

Reserved. 

WD90C31 

FUNCTION 

Reserved 

White/Blue Underline 

Reserved 

Memory Map Display 

Character Set Select 

Reserved 

AT&T Mode Enable 

Bit 6 - White/Blue Underline. 

Defines underline attribute according to the MDA 
display requirements. 

o = Underline attribute selects blue 
foreground incolor text modes. 

1 = Underline attribute selects white under
lined foreground. 

Bit 3 - Page Select. 

Selects between one or two 16 Kbyte RAM page 
for display in 200 line graphics mode. 

o = Display memory address starts at 
B800:0H (16 Kbyte length). 

1 = Display memory address starts at 
BCOO:OH (16 Kbyte length). 

Bit 2 - Character Set Select. 

Selects between two character font planes. 

o = Standard character font from plane 2. 

1 = Alternate character font from plane 3. 

Bit 0 - M24 or Non-IBM Graphics Mode, 
400-line mode. 

A 400-line monitor is required for this mode. 

o = 200-line graphics mode active, using 
paired lines. 

1 = AT&T mode enabled for 400-line 
graphics. 
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7.7 WD90C31 PR REGISTERS 

The WD90C31 has additional features that en
hance the performance and functions of the 
Western Digital Imaging PVGA 1 A, introduced ear
Ii~r, and the basic VGA subsystem. To accomplish 
thiS, the WD90C31 architecture is optimized with 
additional 1/0 registers. 

The registers are at the 1/0 locations unused by 
IBM. All registers are readlwrite, except where 
noted. 

NOTES 
1. The designation 3?5H means that the 

register is mapped into either 3B5H in 
monochrome mode or 3D5H in color 
modes." 

2. PR Register notation - XXX.YY where 
XXX is the data port address and YY 
is the register index, e.g., 3CF.OF im
plies OF -+ 3CEH (Select Index 
register) followed by (Data byte) 
-+ 3CFH (Data Port). Registers PRO 
through PR4 and PR11 through PR1A 
are normally locked. They are write 
protected at power-up by the 
hardware reset. In order to load those 
registers, the appropriate unlock 
register PR5 or PR10 must be loaded 
first with binary XXXXX101. A register 
remains unlocked until another value 
is written to the unlocked register. 
Registers PRO through PR5 are 
readable only if PR4 Bit 1 = o. 
Registers PR10 through PR17 are 
read protected at power up by 
hardware reset. In order to read 
registers PR10 through PR17, load 
PR10 with 1XXXOXXX. The register 
remains readable until any other 
value is written to PR10. When 
registers PR10 through PR17 are 
read protected, reading them would 
show data to be FFH. Setting PR4 Bit 
1 to "1" does not read protect 
registers PR10 through PR17. PR21-
PR23 and PR30-PR35 are RIW 
protected by PR20. PR20 must be 
loaded with 48H to make it possible 
to read or write to PR21-PR23 and 
PR30-PR35. All PR registers are set 
to "0" at power on reset except where 
noted. 

WD90C31 REGISTERS 

7.7.1 Address Offset Registers PROA And 
PROB 

PROA - Address Offset Register A, 
Read/Write Port = 3CFH, Index = 09H 

BIT FUNCTION 

7:0 Primary Address Offset 
Bits 

PROB - Address Offset Register B, 
Read/Write Port = 3CFH, Index = OAH 

BIT FUNCTION 

7:0 Alternate Address Offset 
Bits 

The WD90C31 can control up to 1 Mbyte of dis
play memory. However, DOS only assigns 128 
Kbrtes total memory space for display memory, 
which starts at AOOOOH and ends at BFFFFH. To 
help VGA reach the memory beyond this range, 
the WD90C31 has two CPU address offset 
registers, PROA and PROB which can be used to 
support more than 128 Kbytes of linear display 
memory address space. 

The contents of PROA (Bits 6:0) or PROB (Bits 
6:0) are always added to the CPU address 
A(19:12) before they are translated to display 
memory address. This can be thought of as seg
ment register OS and ES in the 8088/80X86 ar
chitecture. PROA and PROB will then provide 
four Kbyte segmentation of the display memory. 
(Increment PROA or PROB by one of its 
equivalents to jump from a four Kbyte segment to 
another four Kbyte segment of the display 
memory.) 

PROA and PROB are all set to zero at power-on
reset. There are two ways to control whether 
PROA or PROB get added into CPU address. 

• Sequencer Extension Register 3C5H, 
Index = 11H, Bit 7 = O. 

When PR1-3 = 0, PROA is always selected as 
the CPU address offset register. 

When PR1-3 = 1 and the display memory is 
mapped into AOOO - BFFFF (128 Kbytes), 
PROA offset CPU address range is BOOOO -
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BFFFF, the PROB offset CPU address range is 
AOOOO - AFFFF. (If CPU address bit A 16 = 1, 
select PROA. Otherwise PROB is selected.) 

When PR1-3 = 1 and the display memory is 
mapped into AOOOO - AFFFF (64 Kbytes) or 
BOOOO - B7FFF or B800 - BFFFF (32 Kbytes), 
then PROB offset CPU address range is AOOOO 
- A7FFF or BOOOO - B7FFF. PROA offset CPU 
address range is ABOOO - AFFFF or B8000 -
BFFFF. (If CPU address bit A15 = 1, select 
PROA. Otherwise PROB is selected.) 

• Sequencer Extension Register 3C5H, 
Index = 11H, Bit 7 = 1. 

Both PROA and PROB are enabled. A CPU 
memory write selects PROB as the offset 
register. Otherwise, PROA is selected as the 
offset register. 

7.7.2 PR1 - Memory Size, ReadlWrite 
Port = 3CFH, Index = OBH 

BIT FUNCTION 

7:6 Memory Size Select 

5:4 Memory Mapping 

3 Enable Alternate Address 
Offset Register PROB 

2 16-Bit System Interface 

1 16-bit BIOS ROM 

0 BIOS ROM Map Out 

WD90C31 

This register is eight bits wide. Bits PR1 (1 :0) are 
latched internally at power on reset from the cor
responding memory data bus pins MO(1 0), MO(O), • 
using either pull-up or pull-down external resis- : 
tors. Pull-up resistors on MO(10), MO(O) cause 
PR1 (1 :0) bits to be latched low. 

Bits (7:6) - Memory Size. 

These two bits control memory size and memory 
organization. They both must be set to reflect the 
amount of memory installed. These bits, in con
junction with PROA, PROB, PR16(1), select the 
way memory is mapped into the CPU address 
space. IF PR16(1) is set to 1, the memory map
ping will be set identical to the IBM VGA, regard
less of PR1 (7), PR1 (6). 

Tables 7-7 through 7-10 list the different settings 
on these two bits for different memory organiza
tions. 
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PR1(7) = 0 PR1(6) = 0 256KTOTAL, IBM VGA MEMORY ORGANIZATION 

ADDRESS FROM CPU OR CRTC ADDRESS TO VIDEO 
MEMORY 

BYTE WIDE WORD WIDE DOUBLE WORD WIDE 

CPU CRT/BITBLT CPU CRT/BITBLT CPU CRT/BITBLT 

PA @ PA PA PA PA PA MA(17) 

0 0 0 0 0 0 MA(16) 

A(15) CA(15) A(15) CA(14) A(15) CA(13) MA(15) 

A(14) CA(14) A(14) CA(13) A(14) CA(12) MA(14) 

--- --- --- --- --- --- ---
--- --- --- --- --- --- ---
A(2) CA(2) A(2) CA(1) A(2) CA(O) MA(2) 

A(1 ) CA(1) A(1) CA(O) A(15) CA(13) MA(1) 

A(O) CA(O) A(14) CA(15) A(14) CA(12) MA(O) 
or® or@ 
XRN(5) CA(14) 

TABLE 7-7. IBM COMPATIBLE MEMORY ORGANIZATION 

PR1(7) = 0 PR1(6) = 1 256K TOTAL, 64K1PLANE, WD90C31 MEMORY ORGANIZATION 

ADDRESS FROM CPU OR CRTC ADDRESS TO VIDEO 
MEMORY 

BYTE WIDE WORD WIDE DOUBLE WORD WIDE 

CPU CRT/BITBLT CPU CRT/BITBLT CPU CRT/BITBLT 

PA @ PA PA PA PA PA MA(17) 

0 0 0 0 0 0 MA(16) 

A(15) CA(15) A(15) CA(14) A(15) CA(13) MA(15) 

A(14) CA(14) A(14) CA(13) A(14) CA(12) MA(14) 

--- --- --- --- --- --- ---

--- --- --- --- --- --- ---

A(2) CA(2) A(2) CA(1) A(2) CA(O) MA(2) 

A(1) CA(1) A(1 ) CA(O) A(17) CA(15) MA(1) 

A(O) CA(O) A(16) CA(15) A(16) CA(14) MA(O) 
or® 
XRN(5) 

TABLE 7-8. WD90C31 MEMORY ORGANIZATION - 256 KBYTES 
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PR1(7) = 1 PR1(6) = 0 512K TOTAL, 128K1PLANE, WD90C31 MEMORY ORGANIZATION 

ADDRESS FROM CPU OR CRTC ADDRESS TO VIDEO 
MEMORY 

BYTE WIDE WORD WIDE DOUBLE WORD WIDE • 
CPU CRT/BITBLT CPU CRT/BITBLT CPU CRT/BITBLT 

PA @ PA PA PA PA PA MA(17) 

A(16) CA(16) A(17) CA(16) A(18) CA(16) MA(16) 

A(15) CA(15) A(15) CA(14) A(15) CA(13) MA(15) 

A(14) CA(14) A(14) CA(13) A(14) CA(12) MA(14) 

--- --- --- --- --- --- ---

--- --- --- --- --- --- ---
A(2) CA(2) A(2) CA(1) A(2) CA(O) MA(2) 

A(1 ) CA(1) A(1) CA(O) A(17) CA(15) MA(1) 

A(O) CA(O) A(16) CA(15) A(16) CA(14) MA(O) 
or® 
XRN(5) 

TABLE 7-9. WD90C31 MEMORY ORGANIZATION - 512 KBYTES 
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PR1(7) = 1 PR1(6) = 1 1 M TOTAL, 256K1PLANE, WD90C31 MEMORY ORGANIZATION 

ADDRESS FROM CPU OR CRTC ADDRESS TO VIDEO 
MEMORY 

BYTE WIDE WORD WIDE DOUBLE WORD WIDE 

CPU CRT/BITBLT CPU CRT/BITBLT CPU CRT/BITBLT 

A(17) CA(17) A(17) CA(16) A(17) CA(15) MA(17) 

A(16) CA(16) A(16) CA(15) A(16) CA(14) MA(16) 

A(15) CA(15) A(15) CA(14) A(15) CA(13) MA(15) 

A(14) CA(14) A(14) CA(13) A(14) CA(12) MA(14) 

A(13) CA(13) A(13) CA(12) A(13) CA(11) MA(13) 

--- --- --- --- --- --- ---

A(2) CA(2) A(2) CA(1) A(2) CA(O) MA(2) 

A(1) CA(1) A(1) CA(O) A(19) CA(17) MA(1) 

A(O) CA(O) A(16) CA(1S) A(18) CA(16) MA(O) 
or® 
XRN(S) 

TABLE 7-10. WD90C31 MEMORY ORGANIZATION -1 MBYTES 

NOTES: 
1. A(19:0) are WD90C31 internally modified system Addresses (CPU address + offset address). 

2. CA(17:0) are either CRT Character Address Counter Bits or bitblit generated counter bits. 

3. XRN(S) is Miscellaneous Output Register 3C2H, inverted Bit 5. XRN(S) can be used to 
replace CPU address bits in order to select memory pages in word mode. In IBM compatible 
memory mapping, 3CS.4, Bit 1 = 1 will select XRN(S) to replace CPU address bits. In other 
memory mapping schemes (PR1 (7,6) *- 00, 3CS.4, Bit 1 = 1 and PR16_2 = 1 will select 
XRN(S) to replace address bits. 

4. CA(1S) is selected as MA(O) if CRTC Mode Register 17, Bit S = 1 in word addressing modes. 

S. PA is the memory plane select bit when DRAM interface is set for 16 bits. 
PA = 0 selects Plane 1,0 
PA = 1 selects Plane 3, 2 

6. MA(17-0) are divided into RAS, CAS addresses as follows: 

For 256K by 4 DRAM or MA(16) - MA (8) => 
256K by 16 DRAM MA(1?), M(?) - MA(O) => 

For 64K by 16 DRAM MA(15) - MA(8) => 
MA(?) - MA(O) => 

MA(1?,16) = 00 Select 1 st 64K bank 
= 01 Select 2nd 64K bank 
= 10 Select 3rd 64K bank 
= 11 Select 4th 64K bank 
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Bits (5:4) - PRI(5,4) Memory Map Select. 

0 

0 

1 

1 

0 IBM VGA mapping. CPU addres-
ses are decoded from OAOOOOH -
OBFFFFH from the lowest 1 
Mbyte CPU address space 
(depending on 3CF.06 bits 2 and 3). 

1 First 256 Kbyte in any 1 Mbyte 
CPU addressing space (XOOOOOH 
- X3FFFFH) 

0 First 512 Kbyte in any 1 Mbyte 
CPU addressing space (XOOOOOH 
- X7FFFFH) 

1 In any 1 Mbyte CPU address 
space (XOOOOOH - XFFFFFH) 

NOTE 
PR34(3C5.14) Bits 3-0 control which 1 
Mbyte of CPU address space the 
WD90C31 maps. See section 7.7.27. 

Bit 3 - Enable Alternate Address Offset 
Register PROB. 

Bit 2 - Enable 16 bit system interface bus. 

o = System interface is 8 bits. 

1 = System interface is 16 bits. 

Bit 1 - 16-bit BIOS ROM. 

o = BIOS ROM access is 8 bits. 

1 = BIOS ROM access is 16 bits. 

A pull-down resistor on MD(10) sets this bit to 1 
after power-on reset. This bit can also be set to 1 
by an I/O write cycle only if the CNF(1) = 1. 

Bit 0 - BIOS ROM Map Out. 

o = The BIOS ROM is available. 

1 = The BIOS ROM is mapped out. 

A pull-down resistor on MD(O) sets this bit to 1 at 
power-on-reset. 

WD90C31 

7.7.3 PR2-Video Select Register, Read/Write 
Port = 3CFH, Index = OCH 

BIT FUNCTION 

7 AT& T/M24 Mode Enable 

6 6845 Compatibility 

5 Character Map Select 

4:3 Character Clock Period 
Control 

2 Underline/Character Map 

1 Third Clock Select Line 
VCLK2 

0 Force VCLK (overrides 
SEQ1 bit 3) 

Bit 7 - Enable AT&T/M24 Register and 
Mode. 

0= Disable. 

1 = Enable. 

Bit 6 - 6845 Compatibility. 

o = VGA or EGA mode. 

1 = Non-VGA (6845) mode. 

Bit 5 - Character Map Select. 

The following functions are overridden by setting 
PR15(2). This bit in conjunction with PR2(2) and 
Bit 3 of the attribute code, enables character 
maps from Planes 2 or 3 to be selected per the 
table below: 

PR2(5) PR2(2) ATT(4) PLANE 
SELECT 

0 0 X 2 

0 1 X 2 

1 0 X 3 

1 1 0 2 

1 1 1 3 
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NOTE 
Setting PR15(2) = 1, i.e., selecting page 
mode addressing overrides plane 
selected table shown above. 

Bits (4:3) • Character clock period control. 

0 0 IBM VGA character 
clock (8 or 9 dots) 

0 1 7 dots (used for 132-
character text mode 
only) 

1 0 9 dots 

1 1 6 dots if PR17(5) = 0 
10 dots if PR17(5) = 1. 

NOTE 
The character clock period control func
tions have no effect in graphics modes 
(Graphics Mode always uses eight dots). 

Bit 2 • Underline and character map select. 

Setting this bit to 1 enables underline for all odd 
values of attribute codes, e.g., programming 1 
gives blue underline. It overrides the background 
color function of the attribute code Bit 3, which is 
forced to O. Therefore, only eight choices of back
ground colors are selectable. This function allows 
trading background colors for more character 
maps. In conjunction with PR2(5), this bit is also 
decoded to enable character maps from planes 2 
or 3. See PR2(5) for details. 

Bit 1 • Third Clock Select Lin'e. 

This bit is the third Glock select line VCLK2 which 
is sent to the external clock chip if CNF(3) = 1. 
When CNF(3) = 0, it locks the internal video clock 
select multiplexer. 

Bit 0 • Force VCLK. 

This bit forces horizontal sync timing clock of the 
CRTC to VCLK. 

Uses VCLK when Sequencer Register 1, Bit 3, is 
set for VCLK/2. This is for compatibility modes 
that require locking the CRTC timing parameters. 

WD90C31 REGISTERS 

7.7.4 PR3· CRT Lock Control Register, 
Read/Write Port = 3CFH, Index = OOH 

BIT FUNCTION 

7 Lock VSYNC Polarity 

6 Lock HSYNC Polarity 

5 Lock Horizontal liming 

4 Bit 9 Control 

3 Bit 8 Control 

2 CRT Control 

1 Lock Prevention 

0 Lock Vertical Timing 

Bit 7,· Lock VSYNC Polarity. 

This bit locks VSYNC polarity as programmed at 
Port 3C2H, Bit 7. 

Bit 6 • Lock HSYNC Polarity. 

This bit lock HSYNC polarity as programmed at 
Port 3C2H, Bit 6. 

Bit 5 • lock Horizontal Timing. 

This bit locks CRTC registers of Groups 4 and O. 
It prevents applications software from unlocking 
Group 0 registers by setting 3?5.11 Bit 7 = O. 

Bit 4 • Bit 9 Control. 

Bit 9 of CRT Controller Start Memory Adress High 
Register 3?5.0C and Bit 9 of Cursor Location High 
3?5.0E. This bit corresponds to Character Ad
dress CA(17). 

Bit 3 • Bit 8 Control. 

Bit 8 of CRT Controller Start Memory Address 
High Register 3?5.0C and Bit 8 of Cursor Location 
High 3?5.0E. This bit corresponds to Character 
Address CA(16). 
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Bit 2 • Cursor Contro\. 

Cursor Start, Stop, Preset Row Scan and Maxi
mum Scan Line Address registers value multiplied 
by two. 

Bit 1 • Lock Prevention. 

1 = Prevents attempts by applications 
software to lock registers of Group 1 by 
setting 3?5.11, Bit 7 = 1. 

Bit 0 • Lock vertical timing. 

1 = Locks CRTC registers of Groups 2 and 
3. Overrides attempts by applications 
software to unlock Group 2 registers by 
setting 3?5.11, Bit 7 = o. 

7.7.5 WD90C31 CRT Controller Register 
Locking 

Register locking is controlled by four bits. They 
are PR3(5,1,O) and 3?5.11(7) (Le. IBM Vertical 
Retrace End Register Bit 7 controlled by Index 
register 11). When 3?5.11 Bit 7 = 1, CRT control
ler registers (RO-7) are write-protected per VGA 
definition. For more information on the five groups 
and their locking schemes, refer to the following 
sections. 

• Group 0 

These registers are locked if PR3(5) = 1 OR 
3?5.11 (7) = 1. 

3?5 index 00 - Horizontal Total Characters per 
scan 

3?5 index 01 - Horizontal Display Enable End 

3?5 index 02 - Start Horizontal Blanking 

3?5 index 03 - End Horizontal Blanking 

3?5 index 04 - Start Horizontal Retrace 

3?5 index 05 - End Horizontal Retrace 

WD90C31 

• Group 1 

3?5.11 (7) = 1. • 
These registers are locked if PR3(1) = 0 AND • 

3?5 index 07 (Bit 6) - Vertical Display Enable • 
End Bit 9 

3?5 index 07 (Bit 1) - Vertical Display Enable 
End Bit 8 

3?5 index OE (Bit 1) - Vertical Display Enable 
End Bit 10 

• Group 2 

These registers are locked if PR3(O) = 1 OR 
3?5.11 (7) = 1. 

3?5 index 06 - Vertical Total 

3?5 index 07 (Bit 7) - Vertical Retrace Start Bit 9 

3?5 index 07 (Bit 5) - Vertical Total Bit 9 

3?5 index 07 (Bit 3) - Start Vertical Blank Bit 8 

3?5 index 07 (Bit 2) - Vertical Retrace Start Bit 8 

3?5 index 07 (Bit 0) - Vertical Total Bit 8 

3?5 index 09 (Bit 5) - Start Vertical Blank Bit 9 

3?5 index 3E (Bit 0) - Vertical Total Bit 10 

3?5 index 3E (Bit 2) - Vertical Retrace Start Bit 10 

3?5 index 3E (Bit 3) - Start Vertical Blank Bit 10 

• Group 3 

These registers are locked if PR3(O) = 1. 

3?5 index 10 - Vertical Retrace Start 

3?5 index 11 [Bits(3:0)]- Vertical Retrace End 

3?5 index 15 - Start Vertical Blanking 

3?5 index 16 - End Vertical Blanking 

• Group 4 

This register is locked if PR3(5) = 1. 

CRTC Mode Control Register 17 (Bit 2) -
Selects divide-by-two vertical timing. 
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7.7.6 PR4 - Video Control Register, 
Read/Write Port = 3CFH, Index = OEH 

The video monitor output control register (PR4) 
can be programmed to tristate the CRT display 
control outputs, as well as video data for the 
RAMDAC and memory control outputs. 

BIT FUNCTION 

7 BLANK/Display Enable 

6 PCLK= VCLK 

5 Tristate Video Outputs 

4 Tristate Memory Control 
,9utputs 

3 Override CGA Enable 
Video Bit 

2 Lock Internal Palette and 
Overscan Registers 

1 EGA Compatibility 

0 Extended 256-color Shift 
Register Control 

Bit 7 - BLANK/Display Enable. 

This bit controls the output signal BLANK. Nor
mally in the VGA mode, BLANK is used by the 
external video DAC to generate blanking. 

1 = The BLANK output supplies a display 
enable signal. A choice of two types of 
display enable timings can be selected 
and is determined by PR15(1). 

Bit 6 - Select PCLK equal to VCLK. 

o = PCLK is either the inverted internal 
video dot clock or half the dot clock fre
quency, depending upon the video mode. 

1 = PCLK is always the non-inverted VCLK 
input clock. 

WD90C31 REGISTERS 

Bit 5 - Tristate Video Outputs. 

1 = Video Outputs VID(7:0), HSYNC, 
VSYNC, and BLANK are tristated. 

Bit 4 - Tristate Memory Control Outputs. 

1 = The memory address bus, MA(S:O), and 
all ten DRAM control signals are tristated. 

Bit 3 - Override CGA Enable Video Bit. 

Overrides the CGA Enable Video Bit 3 of mode 
register 3DSH, only in SO by 25 alpha CGA (Non
VGA) mode. Override effectively forces this bit to 
1. Power-on-reset causes no override. 

Bit 2 - Lock Internal Palette and Overscan 
Registers. 

1 = Internal palette and overscan registers 
are locked. 

Bit 1 - EGA compatibility. 

1 = EGA Compatible Mode. Reads are dis
abled to all registers which are write
only registers in the IBM EGA mode. 

Also, registers at 3COH/3C1 H change 
to write-only mode. 

Reading PR5 through PRO is disabled. 
In VGA mode [PR(4) Bit 1 = 0] 3COH 
register is read/write while 3C1 H register 
is read only, per the Attribute Controller 
Register's definitions. 

Bit 0 - Extended Shift Register Control. 

1 = Extended 256-color modes selected 
(IBM Mode 13 is not included). 
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7.7.7 PR5 - General Purpose Status Bits, 
Read/Write Port = 3CFH, Index = OFH 

BIT FUNCTION 

7 Read CNF(7) Status 

6 Read CNF(6) Status 

5 Read CNF(5) Status 

4 Read CNF(4) Status 

3 Read CNF(8) Status 

2 PR4-PRO Unlock 

1 PR4-PRO Unlock 

0 PR4-PRO Unlock 

Bits 7-3 provides readable status for the Con
figuration Register Bits 8 through 4. 

Bit 7 - CNF(7) Status. 

This is a read only bit. 

Bit 6 - CNF(6) Status. 

This is a read only bit. 

Bit 5 - CNF(5) Status. 

This is a read only bit. 

Bit 4 - CNF(4) Status. 

This is a read only bit. 

Bit 3 - CNF(8) Status. 

This is a read only bit. 

Bits (2:0) - PR4-PRO. 

These are read/write bits and are cleared by reset. 
They provide lock and unlock capability for PR 
registers PR4 through PRO. The PR4 through PRO 
registers are unlocked when "X5H" is written to 
PR5. They remain unlocked until any other value is 
written to PR5. 

Setting PR(4) Bit 1 to 1, read protects registers 
PR5 through PRO. 

WD90C31 

PR5 PR4-PRO 
210 

OXX Write protected 

XiX Write protected 

XXO Write protected 

1 01 Write enabled 

7.7.8 PR10 Unlock, PR1A-PRll ReadlWrite 
Port = 3?5H, Index = 29H 

PR10 is a read/write register and is cleared by 
reset. PR10 can be written to if it contains 
XXXXX101, and can only be read if it contains 
1 XXXOXXX. PR10 controls access to PR 
registers PR1 A-PR1 O. 

Bits 7 and 3 enable register read operation for 
PR1A - PR10. Bits (6:4) may be used as scratch 
pad. Bits (2:0) enable register write operation for 
PR1A through PR11. 

BIT FUNCTION 

7 PR1A-PR10 - Read 
Enable Bit 1 

6:4 PR1 0(6:4) - Scratch Pad 

3 PR1A-PR10 - Read 
Enable BitO 

2:0 PR1A-PR11 - Write 
Enable 

Bits 7, 3 - PR17-PR10 Read Enable. 

BIT7 BIT3 PR17-PR10 

0 X Read protected, 
read back data 
FFH 

X 1 Read protected, 
read back data 
FFH 

1 0 Read Enabled 
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Bits 6:4 - PR10 Scratch Pad. 

PR10 PR10(6:4) 
654 

OXX Scratch pad 

XiX Scratch pad 

XXO Scratch pad 

1 0 1 Reserved for 
manufacturing test. 

Bits 2:0 - PRll-PRl A Write Enable. 

PR10 PR17-PRll 
210 

OXX Write protected 

XiX Write protected 

XXO \II/rite protected 

1 01 Write enabled 

7.7.9 PR11 EGA Switches, ReadlWrite 
Port = 3?5H, Index = 2AH 

The EGA switch configuration details are stored in 
register PR11. 

BIT FUNCTION 

7 EGASW4/Generai Purpose 

6 EGASW3/Generai Purpose 

5 EGASW2/Generai Purpose 

4 EGASW1/General Purpose 

3 EGA Emulation on Analog 
Display 

2 Lock Clock Select 

1 Lock Graphics and Se-
quencer Screen Control 

0 Lock 8/9 Character Clock 

WD90C31 REGISTERS 

Bits (7:4) - EGA Configuration Switches 
SW4-SW1. 

These read/write bits from corresponding memory 
data bus pins MD(15:12) are latched internally at 
power-on-reset with either pull-up or pull-down ex
ternal resistors. Pulling-up MD(15:12) causes 
PR11 (7:4) to be latched high. These bits can be 
read from Bit 4 of Port 3C2H if the EGA com
patibility bit PR4(1) = 1. Selection of the bit to be 
read is determined by Bits 3 and 2 of the Miscel
laneous Output Register 3C2H, as follows. 

WRITE READ 
3C2H 3C2H 

Bit 3 Bit 2 Bit 4 

0 0 PR11 (7) = EGA SW4 

0 1 PR11 (6) = EGA SW3 

1 0 PR11 (5) = EGA SW2 

1 1 PR11 (4) = EGA SW1 

These bits may be used as general purpose 
scratch bits. 

Bit 3 - Select EGA Emulation on a PS/2 
(VGA-compatible, analog) display. 

This is a read/write bit and is set to zero at power
on-reset. 

Bit 2 - Lock Clock Select. 

This bit locks the internal video clock select mUlti
plexer and disables loading of an external clock 
chip through VCLK1. 

This is a read/write bit and is set to zero at power
on-reset. 

Bit 1 - Lock Graphics Controller/Sequencer 
Screen Control. 

Setting this bit to 1 prevents modification of the 
following bits in the Graphics Controller as well as 
the Sequencer: 

Graphics Controller 
Sequencer 
Sequencer 

3CF.05 bits (6:5) 
3C5.01 bits (5:2) 
3C5.03 bits (5:0) 

Although the internal functions selected by the 
graphics controller and sequencer bits are locked 
by setting PR11 Bit 1 to 1, they appear unlocked 
to the system processor during read operation. 
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This is a read/write bit and is set to zero at power
on-reset. 

Bit 0 - Lock 8/9 Dots. 

Setting this bit to 1 prevents modification of the 
Clocking Mode Sequencer Register 3C5.01, Bit o. 

1 = Eight and nine dot wide character timing 
is locked. Register 3C5H.01 Bit 0 still 
appears unlocked to the system proces
sor during read opreations. 

This is a read/write bit and is set to zero at power
on-reset. 

7.7.10 PR12 Scratch Pad, Read/Write 
Port = 3?5H, Index = 2BH 

BIT FUNCTION 

7:0 Scratch Pad Bits (7:0) 

The data in this register is unaffected by hardware 
reset and undefined at power-up. 

7.7.11 PR13 Interlace H/2 Start, Read/Write 
Port = 3?5H, Index = 2CH 

BIT FUNCTION 

7:0 Interlaced H/2 Start 

The data in this register is unaffected by hardware 
reset and undefined at power-up. 

In interlaced operations, this register defines the 
starting horizontal character count at which verti
cal timing is clocked on alternate fields. Interlaced 
operation is enabled by setting PR14(5) to 1. 

All other standard non-interlaced modes are unaf
fected by the contents of this register. This register 
must be programmed with a value derived from 
the values chosen to be programmed into the 
Horizontal Retrace Start Register (3?5.04) and 
Horizontal Total Register (3?5.00): 

PR13(7:0) = [HORIZONTAL RETRACE START] -
[(HORIZONTAL TOTAL + 5)/2] + HRD 

WD90C31 

NOTE 
In the above expression, HRD = Horizon
tal Retrace Delay, determined by Bits 6 
and 5 of the Horizontal Retrace End 
Register (3?5.05). 

7.7.12 PR14 Interlace H/2 End, Read/Write 
Port = 3?5H, Index = 2DH 

BIT FUNCTION 

7 Enable IRQ 

6 Vertical Double Scan 
for EGA on PS/2 Display 

5 Enable Interlaced Mode 

4:0 Interlaced H/2 End 

Bits 7 through 5 are set to 0 by reset. 

Bits 4 through 0 are unaffected by hardware reset 
and undefined at power-up. 

Bit 7 - Enable IRQ. 

This bit may be set to enable CRT interrupts to be 
generated when configured for AT BUS operation, 
allowing EGA compatibility support for interrupt
driven EGA applications. For VGA operation with 
an AT BUS, interrupts are not used and this bit 
should be set to o. This bit should not be set to 1 
in MICRO CHANNEL operation. 

o = IRQ disabled. Used in VGA operations 
with an AT bus and Micro Channel 
operations. 

1 = IRQ enabled. 

Bit 6 - Vertical Double Scan. 

This bit should be set to 1 when emulating EGA 
on PS/2 display. Setting this bit to 1 causes the 
CRTC's Vertical Displayed Line Counter and Row 
Scan Counter to be clocked by divide-by-two 
horizontal timing, if vertical sync polarity (3C2H Bit 
7 = 0) is programmed to be positive. Therefore, 
the relationship between the actual number of 
lines displayed [N] and the data [n] programmed 
into the Vertical Display Enable End register is: 
N=2(n+1). 
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Likewise, the relationship between the actual 
number of scan lines per character row [N] and 
the data [n] programmed in the maximum Scan 
Line register holds true. 

Bit 5 - Interlaced Mode. 

The interlaced mode can be used in those video 
modes in which the data programmed into the 
Maximum Scan Line Address register [3?S.09] = 
OXXOOOOO. Line compare and double scan are 
not supported. 

o = Interlaced Mode not enabled. 

1 = Interlaced Mode is enabled. 

Bits (4:0) - Interlaced H/2 End Bits (4:0). 

Add the contents of the Interlaced H/2 Start 
Register PR(13) to the horizontal sync width 
(same as defined by 3XS.04,OS). Program the 
five LSBs of the sum into these bit locations. 

7.7.13 PR15 Miscellaneous Control 1, 
ReadlWrite Port = 3?5H,lndex = 2EH . 

BIT FUNCTION 

7 Read 46E8H Enable 

6 High VCLK 

S VCLK1, VCLK2 Latched 
Outputs 

4 VCLK= MCLK 

3 8514/A Interlaced Com-
patibility 

2 Enable Page Mode 

1 Select Display Enable 

0 Disable Border 

WD90C31 REGISTERS 

Bit 7- Enable Reading Port 46E8H. 

This bit is functional only if AT BUS architecture 
[CNF(2)=1] is selected. 

1 = I/O Port 46E8H may be read, regard
less of the state of its own Bits 4 and 3 
and of Port 102H, Bit 0 (sleep bit). Only 
Bits(4:0) of Port 46E8H are readable, 
Bits (7:5) are O. 

Bit 6 - High VCLK. 

This bit should be set to 1 when (MCLK in MHz I 
VCLK in MHz) equals 1.S, or in an extended 256-
color mode. 

1 = Memory timing is adjusted to allow use 
of a video clock (VCLK) frequency which 
is much higher than the memory clock 
(MCLK) frequency. 

Bit 5 - Latched VCLK1 and VCLK2. 

This bit is used only if CNF(3) = 1, which con
figures the VCLK1 and VCLK2 pins as outputs. 

1 = Outputs VCLK2 and VCLK1 are equal to 
Bits 3 and 2 of 1/0 write register (Miscel
laneous Output Register) at Port 3C2H, 
respectively. 

Bit 4 - Select MCLK as Video Clock. 

1 = MCLK input is selected for the source of 
all video timing. The other three VCLK in
puts can not be selected when this bit is 
set. 

Bit 3 - Interlaced Compatibility. 

This bit should be set to 1 only if interlaced mode 
is selected (see PR14) and exact timing emulation 
of the IBM 8514/A's interlaced video timing is re-
quired. . 

1 = Vertical sync is generated from the trail
ing edge of non-skewed horizontal sync 
instead of the leading edge, as generat
ed for VGA timing. Also, two VCLK 
delays are removed from the default 
VGA video dot path delay chain. 
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Bit 2 - Select Page Mode Addressing. 

Graphics Modes automatically use Page Mode 
addressing. 

Alpha modes require this bit to be set to 1 for 
screen refresh memory read cycles to use Page 
Mode addressing. Setting this bit to 1 in any 
Alpha Mode overrides the character map select 
functions of PR2(2) and PR2(5). 

Page Mode addressing requires less time than 
RAS-CAS addressing, therefore, selecting Page 
Mode addressing increases the bandwidth for the 
CPU to access video memory by 30-40%. 

Bit 2 should be set to 1 if 132 Character Mode 
timing is selected (see description of PR2). 

When this bit is set to 1, it redefines the Character 
Map Select Register (3C5.03). One of eight 8K 
memory segments containing a pair of maps in 
Plane 3 or Plane 2 is addressed by Bits (2:0) of 
this register while the map selection is determined 
by Bits(4:3). A pair of adjacent 8K character maps 
in Planes 3 and 2, (adjacent in the sense that they 
have the same addressing) may be selected by 
Bit 3 of the attribute code. 

The character attribute, Bit 3, in conjunction with 
Bits 4 and 3 of the Character Map Select Register 
(3C5.03), determine a character map from either 
Plane 3 or Plane 2 as shown by the table below. 

3C5.03 3C5.03 An PLANE 
BIT4 BIT 3 BIT3 SELECT 

0 0 X 2 

1 1 X 3 

1 0 0 2 

1 0 1 3 

0 1 0 3 

0 1 1 2 

NOTE 
The above Character Map Select func
tions override the functions of PR2(5) 
and PR2(2). 

WD90C31 

This bit must be set to 1 before loading the char
acter maps into the video DRAM, because the 
addressing of the page mode character maps dif
fers from the addressing of the default, non-page 
mode. However, setting this bit to 1, internally 
redirects all necessary addressing to make load
ing the character maps the same, whether in page 
mode or non-page mode. 

Bit 1 - Display Enable Timing Select. 

This bit is used to select between two types of 
display enable timings available at output pin 
BLANK if PR4(7) = 1. If PR4(7) = 0, this bit has 
no effect. 

o = BLANK supplies Pre-Display Enable. 
Pre-Display Enable timing precedes ac
tive video by one dot clock. 

1 = BLANK supplies Display Enable. The dis
play enable timing coincides with active 
video timing. 

Bit 0 - Disable Border. 

Setting this bit to 1 forces the video outputs to 0 
during the interval when border (overscan) color 
would be active. 
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7.7.14 PR16 Miscellaneous Control 2, 
Read/Write Port = 3?5H, Index = 2FH 

BIT FUNCTION 

7 External Register 46E8H 
Lock 

6 CRTC Address Count 
Width Bit 1 

5 CRTC Address Count 
Width Bit 0 

4 CRTC Address Counter 
Offset Bit 1 

3 CRTC Address Counter 
Offset Bit 0 

2 Enable Odd/Even Page 
Bit 

1 VGA Mapping Enable 

0 Lock RAMDAC Write 
Strobe 

Bit 7 - Lock External 46E8H Register. 

Setting this bit to 1 causes EBROM output to be 
forced high (Inactive) during I/O writes to Port 
46E8H. 

Bits (6:5) - CRTC Address Counter Width. 

Power-on-reset clears these bits to O. These two 
bits determine the modulus of the CRT controller's 
address counter, allowing its count width to be 
limited to 64K or 128K locations (Byte, Word, 
Double word). These bits may be used in virtual 
VGA applications containing 512KB or 1024KB of 
video memory, in which CRT controller is limited 
to only 64K or 128K locations. Bit PR16(6) should 
be set 1 to ensure VGA and EGA compatible 
operation of the address counter, limited to 64K 
locations. See the following table. 

WD90C31 REGISTERS 

PR16(6) PR16(5) COUNT WIDTH 

0 0 256KB 

0 1 128K 

1 X 64K 

Bits (4:3) - CRTC Address Counter Offset. 

Bits 4 and 3 are summed with the CRT Control
ler's Address Counter Bits CA(17) and CA(16), 
respectively, and the two-bit result defines the 
starting location of the displayed video buffer at 
one of the four 64K boundaries. 

Bit 2 - Enable Page Bit for Odd/Even. 

This bit affects addressing of memory by the sys
tem processor, if chain 2 (Odd/Even) has been 
selected by setting 3CF.06(1) to 1, setting 
3C5.04(1) to 1, selecting extended memory and 
setting 3C5.04(3) to 0 to deselect chain 4 ad
dressing. It enables the Page Bit for Odd/Even 
[3C2(5)] to select between two pages of memory, 
by controlling video RAM address 0, regardless of 
the Memory Size Bits PR1 (7:6). 

Bit 1 - VGA Memory Mapping. 

Setting this bit to 1 selects 256 Kbyte IBM VGA 
Mapping, regardless of the Memory Size Bits 
PR1(7:6). 

Bit 0 - Lock RAMDAC Write Strobe 
(3C6H - 3C9H). 

o = Normal operation. 

1 = Output WPL T to be forced to 1, disabling 
I/O writes to the video DAC registers. 
The DAC state register, located inside 
the WD90C31, is also protected from 
the modification but may still be read at 
the Port 3C7H. 
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7.7.15 PR17 Miscellaneous Control 3, 
Read/Write Port = 3?5H, Index = 30H 

BIT FUNCTION 

7:6 Reserved 

5 Character Clock Period 
Select 

4 PCLK = VCLK/2 

3 Map Out 4K Of BIOS 
ROM 

2 Enable 64K BIOS ROM 

1 Hercules Compatibility 

0 Map Out 2K Of BIOS 
ROM 

Bits (7:6) 

Reserved. 

Bit 5: - Character Clock Period Select. 

To enable PR17 Bit 5, PR2 (3CF.OC) Bits 4:3 must 
equal 11. When Bit 5 is not enabled, it has no effect. 

o = Six-dot font is selected. 

1 = Ten-dot font is selected. 

Bit 4 - PCLK = VCLK/2. 

VID (7:0) 

PClJ( 

1 = Forces PCLK = VCLK/2. This control is 
useful for interface with high color RAM
DAC as follows: 

16 bits of color information per pixel 

I I 

Bit (3) - Map Out 4K of BIOS ROM. 

1 = Disables access of the BIOS ROM in the 
system address range C600:0H through 
C6FF:FH. 

Power-on-reset sets this bit to O. 

WD90C31 

Bit 2 - Enable 64K BIOS ROM. 

system address range COOO:OH through : 
1 = Enables access of the BIOS ROM in the • 

CFFF:FH. 

Power-on-reset sets this bit to O. 

Bit 1 - Hercules Compatibility. 

1 = Locks Hercules compatibility register 
(I/O Port 3BFH). 

Power-on-reset sets this bit to O. 

Bit 0 - Map Out 2K of BIOS ROM. 

1 = Disables access of the BIOS ROM in the 
system address range C600:0H through 
C67F:FH. 

Power-on-reset sets this bit to O. 

7.7.16 PR18 CRTC Vertical Timing Overflow, 
Read/Write Port = 3?5H, Index = 3EH 

These bits, combined with other vertical timing 
overflow bits in CRTC, constitutes an 11-bit verti
cal timing control. These bits are set to zero at 
power -on-reset. 

BIT FUNCTION 

7:5 Reserved 

4 Line Compare Bit 10 

<D3 Start Vertical Blank Bit 10 

<D2 Start Vertical Retrace Bit 10 

®1 Vertical Display Enable 
End Bit 10 

<DO Vertical Total Bit 10 

<D The bit is locked if PR3(O) = 1 
OR the 3?5 Index 11 Bit 7 = 1 

® The bit is locked if PR3(1) = 0 
AND the 3?5 Index 11 Bit 7 = 1 
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7.7.17 PR19 Video Signature Analyzer Control 
Read/Write Port = 3?5H, Index = 3FH 

BIT 

7:4 

3 

2 

1 

0 

Bits (7:4) 
Reserved 

FUNCTION 

Reserved 

Signature Read Enable 

Enable Video Input 

Preload Control 

Enable/Status Bits 

Bit 3 - Signature Read Enable. 

1 = Read signature analyzer results from 
3?5H, Index 20 and 21. 

Bit 2 - Enable Video Input. 

This bit is used for self-test.· 

o = Enable video input for signature analyzer. 

1 = Self-testing. The video input to the signa
ture analyzer is disabled. 

Bit 1 - Preload Control. 

o = The Signature Analyzer Result Register 
(3?5, Index 20 and 21) is preloaded with 
0001 H. 

1 = Normal operation. 

Bit 0 - Enable/Status Bits. 

Writing to this bit: 

1 = Enables the signature analyzer to collect 
signature on video input. 

Reading this bit: 

Indicates the status of the signature analyzer col
lecting the signature on video input. 

o = Finished ( or not enabled). 

1 = Busy. 
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7.7.18 PR1A Shadow Register Control, 
Read/Write Port = 3?5H, Index = 3DH 

Bits (7:4) 
Reserved. 

Bits 3 - I/O Read Select. 

o = Select actual CRTC registers for read. 

1 = Select shadow CRTC registers for read. 

Bits (2:0) - Shadow Lock. 

101 = locks all the shadowed register bits. 
This lock overrides any locks. Refer to 
the shadow register description for 
details. 

7.7.19 PR20 Unlock Sequencer Extended 
Registers, ReadlWrite Port 3C5H, 
Index = 6H, (Reset State = locked) 

A value of Xl XOl XXXX (48H) must be written to 
this register to allow Read or Write operations of 
the Sequencer Extended Registers. When the.ex
tended registers are locked, the Sequencer Index 
is read as three bits. When unlocked, the Se
quencer Index reads as six bits. 
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7.7.20 PR21 Display Configuration Status and 
Scratch Pad Bits Register, Bits 7:4 
Read/Write Bits 3:0, Read Only Port 
3C5H, Index = 7H 

This register provides a convenient location for deter
mining the current state of the VGA configuration. 
This information is required for many BIOS calls. 

BIT FUNCTION 

7:4 Scratch Pad Bits 

3 Status of 3C2 Bit 0 

2 Status of PR2 Bit 6 

1 Status of PR4 Bit 1 

0 Status of PRS Bit 3 

Bits (7:4) - Scratch Pad Bits. 

These read/write bits serve as a scratch pad for 
any BIOS status data that may need to be saved. 
These bits are preset to 1111 at reset. 

Bit 3 - Status of 3C2H Bit o. 
This read only bit represents the setting of the I/O 
address select bit in the Miscellaneous Output 
Register. 

o = MDA (3Bx) addresses have been selected. 

1 = CGA (3Dx) addresses have been selected 
by this read-only bit. 

Bit 2 - Status of PR2 Bit 6. 

This read only bit represents the setting of the 
VGAl6845 select bit in PR2 (3CFH Index CH). 

o = VGA or EGA compatibility has been 
selected. 

1 = 6845 compatibility has been selected by 
this read-only bit. 

Bit 1 - Status of PR4 Bit 1. 

This read only bit represents the setting of the 
VGAlEGA select bit in PR4 (3CFH Index EH). 

1 = EGA compatibility has been selected by 
this read-only bit. 

o = VGA was selected. 

WD90C31 

Bit 0 - Status of PR5 Bit 3. 

This read only bit represents the setting of the • 
AnalogmL status bit in PR5 (3CFH Index FH). : 

o = An analog monitor was selected. 

1 = A TTL-type monitor was selected. 

7.7.21 PR22 Scratch Pad Register, ReadlWrite 
Port = 3C5H, Index = 8H 

Bits (7:0) 

Scratch pad bits. 

7.7.22 PR23 Scratch Pad Register, ReadlWrite 
Port = 3C5H, Index = 9H 

Bits (7:0) 

Scratch pad bits. 

7.7.23 PR30 Memory Interface, Write Buffer 
and FIFO Control Register, ReadlWrite 
Port = 3C5H, Index 10H 

This register controls display memory data width 
and its bandwidth. All bits are reset to zero at 
power -on-reset. 

BIT FUNCTION 

7:6 Write Buffer Control 

5 32-bit or 16-bit Memory 
Data Path 

4 Disable 16-bit CPU In-
terface for Unchain 
Mode 

3 Two-level FIFO 

2 Four or Eight-level FIFO 

1 :0 Display FI FO control 
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Bits (7:6) - Write Buffer Control. 

Bits 7 and 6 determine the depth of the write buffer. 

PR31 Bit 2 must be set to 1 for these two bits to 
have any effect. 

BITS WRITE BUFFER LEVEL 
76 

00 One level deep. 

01 Two levels deep. 

10 Three levels deep. 

11 Four levels deep. 

Bit 5 - Memory Data Path. 

o = The display memory data path is 32-bits 
wide. 

1 = The display memory data path is 16-bits 
wide. 

Bit 4 - Disable Unchained Mode. 

o = Normal conditions. 

1 = 16-bit interface, unchained mode is dis
abled. This is for debug only. 

Bit 3 - Two-level FIFO. 

0= The FIFO is four or eight levels deep, 
depending on Bit 2 of this register. 

1 = The FIFO is two levels deep, regardless 
of Bit 2. 

Bit 2 - Four or Eight-Level FIFO. 

0= FIFO set to eight levels deep. 

1 = FIFO set to four levels deep. 

Bits (1 :0) - Display FIFO Control. 

These two bits can be used to adjust the display 
memory bandwidth. In general, to accommodate 
most applications, it is recommended that these 
two bits be set to 01. These bits have no effect in 
any text mode. They are locked into 00 internally 
when a text mode is set. 
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BIT FUNCTION 

00 FIFO requests for memory one level 
cycle when FIFO is: empty 

01 FIFO requests for memory two levels 
cycle when FIFO is: empty 

10 FIFO requests for memory three levels 
cycle when FIFO is: empty 

11 FIFO requests for memory four levels 
cycle when FIFO is: empty 

7.7.24 PR31 System Interface Control, 
ReadlWrite Port = 3C5H, Index = 11H, 
Reset State = 00 

This register provides the control bits for the system 
interface. This register should be set during the post 
initialization routines of the VGA BIOS. The reset 
state is 100% IBM VGA compatible. Bit 7 is used 
during some of the enhanced display modes. 

BiT FUNCTION 

7 ReadlWrite Offset Enable 

6 Turbo Mode for Blanked 
Lines 

5 Turbo Mode for Text 

4 CPU Read ROY Release 
Control 1 

3 CPU Read ROY Release 
Control 0 

2 Enable Write Buffer 

1 Enable 16-bit 1/0 Attribute 
Controller 

0 Enable 16-bit 1/0 Opera-
tion on CRTC, Sequencer 
and Graphics Controller 
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Bit 7 • Read/Write Offset Enable. 

0= Normal (Refer to PROA and PROB defini
tions). 

1 = During read cycles, the offset register 
PRO-A, is added to the CPU address. 
During write cycles PRO-B is added to 
the CPU address. 

Bit 6 • Turbo Mode for Blanked Lines. 

0= Normal. 

1 = System performance is improved by 
10% by removing extra screen refresh 
memory cycles on vertical blank. 

Bit 5 • Turbo Mode for Text. 

0= Normal. 

1 = Improved text mode performance. 

Bits (4:3) • CPU Read ROY Release 
Controls 1,0. 

These two bits set the CPU's RDY timing to be 
optimized for different system timing. For slower 
systems, the RDY line may be released earlier, 
since it takes longer to complete the read cycle. 

00 = Power on reset condition. RDY is inserted 
at the end of a CPU memory cycle. 

01 = RDY is inserted 1 MCLK before the end 
of a CPU memory cycle. 

10 = RDY is inserted 2MCLK before the end 
of a CPU memory cycle. 

11 = RDY is inserted 1 MCLK after the end of 
a CPU memory cycle. 

For 10 MHz or slower systems, the 01 setting is 
recommended. For 12 MHz or faster systems, the 
11 setting is recommended. 

Bit 2 • Enable Write Buffer. 

o = Write buffer disabled. 

1 = Write buffer is enabled. This greatly 
reduces the number of wait states for 
CPU writes to display memory. 

WD90C31 

Bit 1 • Enable 16·bit I/O Attribute Controller. 

If Bit 1 and Bit 0 are both set to 1, the Attribute 
Controller (3COH/3C1 H) is configured for 16-bit 
access. The index is at 3COH while the data is at 
3C1 H and the address toggle is disabled for 16-bit 
reads or writes. The address toggle functions in 
the standard way for eight-bit cycles. IOCS16 is 
asserted for all cycles to 3COH or 3C1 H. 

Bit ° . Enable 16·bit I/O Operations. 

o = The VGA I/O is eight-bits. 

1 = Enables 16-bit access to the CRTC 
(3?4H/3?5H), Sequencer (3C4H/3C5H) 
and Graphics Controller (3CEH/3CFH). 
The output IOCS16 will be active for any 
I/O read or write to these addresses. 

7.7.25 PR32 Miscellaneous Control 4, 
Read/Write Port = 3C5H, Index = 12H, 
Reset State = 00 

This register provides control for several different 
features. Some of these features help to support 
Genlock of the WD90C31 to another display con
troller for overlay. 

BIT FUNCTION 

7 Enable External Sync 
Mode 

6 Disable Cursor Blink 

5 USR1 Function Select 

4 USR1 Control 

3 USRO Function Select 

2 USRO Control 

1 Allow Read Back in 
Backward compatible 
Modes 

0 Force Standard CPU Ad-
dressing in 132-column 
Mode 
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Bit 7 - Enable External Sync Mode. 

o = Normal operation mode. 

1 = EXVID is configured to input external 
Horizontal Sync and EXPCLK inputs ex
ternal Vertical Sync. The external 
HSYNC signal also synchronizes the 
character clock timing. In this configura
tion, EXVID and EXPCLK do not control 
the VID 7:0 and PCLK output buffers, 
but they are used to genlock the 
WD90C31 to another display controller. 

Bit 6 - Disable Cursor Blinl<. 

o = Blink enabled. 

1 = The text cursor blink is disabled and the 
cursor remains on. This option can be 
used when cursor blink is not desired. 

Bit 5 - USR1 Function Select. 

o = The USR1 output reflects the state of Bit 
4. This can be used to control new fea
tures added by the system board desig
ner. 

1 = The USR1 output is slected by PR35 
Bits 5, 4 and 3. See PR35 description. 

Bit 4 - USR1 Control. 

Controls the USR1 output when self:)cted by Bit 5. 

Bit 3 - USRO Function Select. 

o = The USRO output represents the state of 
Bit 2. This can be used to control new 
features added by the system board 
designer. 

1 = The USRO output is selected by PR35 
Bits 2, 1 and O. See PR35 description. 

Bit 2 - USRO Control. 

Controls the USRO output when selected by Bit 3. 
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Bit 1 - Read Backward in Compatible 
Modes. 

o = Registers that are not normally readable 
in backward compatibility modes may 
not be read. 

1 = Registers that are not normally readable 
in backward compatibility modes may be 
read. 

This option may be used either as a test feature or 
by the BIOS during mode changes. 

Bit 0 - 132-Column Mode. 

1 = The special CPU address mapping for 
page mode font access in 132-column 
text is set for standard mapping without 
disturbing the display. This is used only 
for special virtual VGA applications. 

7.7.26 PR33 DRAM liming and Zero Wait State 
Control Register, Read/Write 
Port = 3C5H, Index = 13H 

Bits (7:6) - OWS Control. 

These two bits control the operation of the OWS 
output pin. OWS is disabled if PR31 bit 2 = 0 
(Write Buffer is off). 

00 = OWS = 0 if the internal write buffer is 
ready. 

01 = OWS = 0 if the internal write buffer is 
ready and the memory address is 
decoded. 

10 = OWS = 0 if the internal write buffer is 
ready and the memory address is 
decoded and MWR = O. 

11 = OWS = 0 if the condition in 10 is true or 
I/O write to the WD90C31 is occuring. 

Bit 5 
Reserved 
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Bits (4:3) - CAS Timing. 

These two bits control the CAS timing. 

00 = CAS cycle is 2 MCLKs. 
CAS low is 1 MCLK + (4-7) ns. 
CAS high is 1 MCLK - (4-7) ns. 

01 = CAS cycle is 2 MCLKs. 
CAS low is 1 MCLK + (8-14) ns. 
CAS high is 1 MCLK - (8-14) ns. 

10 = CAS cycle is 2 MCLKs. 
CAS low is 1.5 MCLKs. 
CAS high is 0.5 MCLKs. 

11 = Reserved. 

Bit 2 - CAS After RAS Timing. 

o = CAS cycle starts 2.5 MCLKs after RAS low. 

1 = CAS cycle starts 1.5 MCLKs after RAS low. 

Bits (1 :0) - RAS Precharge. 

These two bits control RAS precharge. Refer to 
DRAM timing adjustments in Section 6.0. 

00 = RAS high is 2-112 MCLKs plus a 4-7 ns. 
delay. 

01 = RAS high is 3 MCLKs wide. 

10 = RAS high is 2 MCLKs wide. 

11 = RAS high is 2-1/2 MCLKs. 

7.7.27 PR34 Video Memory Mapping Register, 
Read/Write Port = 3C5H, Index = 14H 

Bits (7:4) 

Reserved 

Bits (3:0) - Video Memory Mapping. 

These four bits are compared with the CPU address 
A(23:20) as part of the video memory address 
decoding. This allows the VGA to be mapped into 
any 1 Mbyte CPU memory space. This register does 
not affect the EBROM and ROM16 decoding. 
EBROM and ROM16 are still decoded at A(23:20) 
= OH. Used with the correct setting of PR1, Bits 5 
and 4, this register supports virtual VGA applica
tions. 

These four bits are set to 0 at power-on-reset. 

WD90C31 

7.7.28 PR35 USRO, USR1 Output Select 
Register, Read/Write Port = 3C5H, 
Index = 15H 

This register determines which internal signals 
can be observed through USRO and USR1 output 
pins. This is for debug purposes and may be use
ful for using internal signals to control external 
functions. PR35, Bits 5 and 3, must be set to 1 for 
this register to have any effect. 

Bits (7:6) 

Reserved. 

Bits (5:3) - USR1. 

000 = USR1 = 1 if WD90C31 is fetching fonts 
from DRAM. 

001 = USR1 = 1 if WD90C31 is fetching 
graphics data from DRAM. 

010= USR1 = 1 if the internal write buffer is 
ready. 

011 = USR1 = 1 if a CPU write cycle is occur
ring. 

100 = USR1 = 0 if a CPU write cycle is not 
caused by write buffer. 

101 = Reserved. 

110 = Reserved. 

111 = Reserved. 

Bits (2:0) - USRO. 

000 = USRO = 1 if 1/0 address is decoded. 

001 = USRO = 1 if WD90C31 is fetching char
acter attributes from DRAM. 

010 = USRO = 0 if the internal write buffer is 
not empty. 

011 = USRO = 1 if CPU read cycle is occurring. 

100 = USRO = 0 if a write buffer cycle is occur-
ring. 

1 01 = Reserved. 

110 = Reserved. 

111 = Reserved. 

ADVANCE INFORMATION 11/25191 18-87 

.. 



WD90C31 

7.8 INTERNAL I/O PORTS 

7.8.1 AT Mode Setup, Enable, Write Only 
Port 46E8H (Also at Port 56E8H, 66E8H, 
76E8H) 

BIT 

7:5 

4 

3 

2:0 

Bits (7:5) 

Unused. 

Bit 4 • Setup. 

FUNCTION 

Reserved 

Setup 

Enable I/O and Memory 

External BIOS ROM 
Page Select 

This bit puts the 'vV090C31 into Setup mode 
where only I/O Port 102H is accessible. 

Bit 3 • Enable I/O and Memory Accesses. 

This bit enables 110 and memory accesses. 

Bits (2:0) • BIOS ROM Page Select. 

On 110 accesses to Port 46E8H, EBROM be
comes I/O write strobe for external implementa
tion of BIOS ROM page mapping. Bits (2:0) are 
latched data bits and define 4K pages on BIOS 
ROM. The external mapping logic affects the 
three most significant bits of address applied to 
the BIOS ROM. The ROM therefore, appears to 
consist of eight, 4K pages. External circuitry is 
required to implement the BIOS ROM page selec
tion using these bits (D2:00). The WD90C31 also 
provides Port 3C3H as an alternative to Port 
46E8H. If a pull-down resistor is connected to 
MD(9) during power-on-reset (CNF9 = 0), Port 
3C3H is decoded instead of Port 46E8H to sup
port the same functions as described above. 
Otherwise, Port 46E8H is selected and decoded. 
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7.8.2 Setup Mode Video Enable (AT and 
Micro Channel Modes) ReadlWrite Port 
= 102H (XXXX XXXX XXXX X010B) 

BIT 

7:1 

0 

Bits (7:1) 

Unused. 

FUNCTION 

Reserved 

WakeupVGA 

Bit 0 • Wakeup VGA. 

Wakeup VGA for I/O and Memory Accesses. Only 
the lower three address bits are decoded for this 
port and the WD90C31 must be in Setup mode. 
VGA Enable Sleep bit or Programmable Option 
Select (POS) Register 102H Bit 0 is used to 
awaken the WD90C31 after power on in the MCA 
and AT mode. To enter the Setup mode in AT bus 
applications, Bit 4 of the partially decoded internal 
I/O Port 46E8H is set to 1 before accessing the 
I/O Port 102H. In MCA mode, the WD90C31 is in 
Setup mode and Port 102H can be accessed 
when the VGASETUP (EIO) signal pin is active 
low. 

7.9 VIDEO RAMDAC PORTS 

The Video RAMDAC is implemented externally to 
the WD90C31. However, the WPLT and RPLT 
signals required by the RAMDAC are provided by 
the WD90C31. Setting PR(16) Bit 0 to 1 de-as
serts WPLT disabling 110 writes to the RAMDAC. 
Normally, the WPLT and RPLT signals to the 
RAMDAC are generated when the following I/O 
ports are written to or read from. 
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DAC 
ADDRESS DAC OPERATION DETAILS 

3C8H PEL Address Port (Write) ReadlWrite Port 

3C7H PEL Address Port (Read) Read Only Port 

*3C7H *DAC State (Read Only) * If Bits 1:0 = 1, DAC is in read operation. 
When Bits 1 :0 = 0, DAC is in write opera-
tion. Bits 7-2 are reserved. 

3C6H PEL Mask (ReadlWrite) Not to be written to by application code. 
To do so changes the color look-up table. 

3C9H PEL Data Register (ReadlWrite) Three successive read/write bytes. 

* This port is internal to the WD90C31. 

TABLE 7-11. VIDEO RAMDAC PORTS 

7.10 WD90C31 CONFIGURATION REGISTER 
BITS CNF(18:0) 

Memory Data Lines (18:0) [MD(18:0)] are used to 
input configuration data [CNF(18:0)] at power-on
reset (RST) by pull-up or pull-down resistors. This 
configuration data sets the bits in internal 
registers. CNF15:12, CNF10 and CNFO can also 
be changed by software, while all others are in 
non-writable registers. The non-writable bits set 
features such as bus type which are not changed 
after power-on. All MD(18:0) are internally pulled 
up by 50 ohm resistors. 

CNF FUNCTION 

18 Enable ROM16 as EXBLANK input 

17 

16 64K by 16 or 256K by 4 DRAM select 

15:12 EGA Switches 

11 A23 - A20 Connection Select 

10 Disable ROM16 address decode 

9 46E8H/3C3H Select 

8 Display Status 

7:4 General Purpose Status 

3 Video Clock Source Control 

2 AT/MCA Bus Select 

1 ROM Configuration 

0 BIOS ROM Mapping 

CNF(18) - ROM16 As EXBLANK input. 

0= A 4.7K pull-down resistor on Pin MD(18). 
ROM16 is configured as EXBLANK 
input. 

1 = No pull-down resistor, the internal pull
up sets CNF(18) to 1. Normal ROM16 
operation. ROM16 is an output. 
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CNF(16) - 64K By 16 Or 256K By 4 DRAM 
Select. 

o = A 4.7K pull-down resistor on pin MD(16) 
sets the WD90C31 to interface with a 
64K by 16 DRAM. 

1 = No pull-down resistor. The internal pull
up sets WD90C31 to interface with a 
256K by 4 or 256K by 16 DRAM. 

CNF(15:12) - EGA Configuration Switches 
SW4-SW1. 

No external pull-down resistors on MD(15:12) 
causes PR11 (7:4) to be latched high. Pulling 
down MD(15:12) causes these bits to be latched 
low. 

PR11(7:4) are writable bits. These bits can be 
read as Bit 4 of Port 3C2H (as on a standard 
EGA) if the EGA compatibility bit [PR4(1)] has 
been set to 1. Selection of which bit to read is 
determined by Bits 3 and 2 of the Miscellaneous 
Output Register 3C2H, as follows. 

WRITE READ 

3C2 Bit 3 3C2 Bit 2 3C2 Bit 4 

0 0 PR11 (7) [= EGA SW4] 

0 1 PR11 (6) [= EGA SW3] 

1 0 PR11 (5) [= EGA SW2] 

1 1 PR11(4) [=EGASW1] 

CNF(11) - A23 - A20 Connection Selection. 

o = A 4.7K pull·down resistor on the Pin MDB. 

The A23 pin should be connected to the 
NOR of AT bus signals LA(23:20). 

The A(22:20) pins should be connected 
to the AT bus signals LA(19:17), un
latched CPU address. 

The A(19:17) pins should be connected 
to AT bus SA(19:17), latched CPU ad· 
dress. This allows the WD90C31 to 
directly drive MEMCS16 in AT bus which 
requires decoding of the early unlatched 
address LA(23:17). 

WD90C31 REGISTERS 

An external NOR is required to decode 
LA(23:20). 

1 = No pull-down resistor. The internal pull
up sets CNF(11) to 1. Pins A(23:17) 
should be connected to AT bus signals 
LA(23:17). LA(23:17) are internally 
latched by ALE signal. 

CNF(10) - Disable ROM16 Address Decode. 

o = The internal pull-up sets CNF(1 0) = 
PR1 (1) = O. To enable the 16-bit BIOS, 
PR1 (1) must be set to 1 by writing to 
Port 3CFH, Index OBH Bit 1 and at the 
same time CNF(1) must be 1. 

1 = A4.7K pull-down on Pin MD10 sets 
CNF(10) = PR1 (1) = 1. Upon power-up, 
the pin ROM16 is enabled for 16-bit 
BIOS ROM decoding. 

This bit is read/write at PR1 (1). 

CNF(9) - 46E8H/3C3H Select. 

This bit has no effect in Micro Channel applica
tions. 

o = A 4.7K pull-down on Pin MD9. Port 
03C3H is selected as the VGA setup 
and enable register instead of Port 
46EBH in the AT interface. 

1 = No pull-down resistor. The internal pull
up sets CNF(9) = 1. Port 46E8H is 
selected as VGA setup and enable 
register. 

CNF(8) - Analog/TTL Display Status Bit. 

CNF(8) is latched internally at power-on-reset 
from memory data bus Pin MD(11), provided with 
either a pull-up or pull-down external resistor. 

Pulling up MD(11) causes CNF(8) to be latched 
Low. This bit controls no internal functions and is 
read only as Bit 3 of PR5 (3CF.OF). Also, CNF(8) 
is unaffected by writing to PR5 (3CF.OF). Sug
gested implementation is: 

0= Analog (VGA - compatible) display is at
tached. 

1 = TTL (EGA-compatible) display is at
tached. 
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CNF(7:4) - General Purpose Status Bits. 

Bits CNF(7:4) are latched internally at power-on
reset from corresponding memory data bus pins 
MD(7:4), provided with either pull-up or pull-down 
external resistors. 

Pulling down MD(7:4) causes CNF(7:4) to be 
latched high. 

These are read only bits at PR5 (3CF.OF) posi
tions (7:4). These bits are unaffected by writing to 
PR5(3CF.OF). 

CNF(3) - Video Clock Source Control. 

This bit cannot be written or read as I/O port. 

Pulling up MD(3) causes CNF(3) to be latched 
high. It configures WD90C31 pins VCLK1 and 
VCLK2 as inputs or outputs. 

0= Inputs. 

1 = Outputs. 

When used as inputs, these pins supply alternate 
video dot clocks. Selection of dot clock is by an 
internal multiplexer. 

When used as outputs, VCLK1 supplies an active 
low load pulse for an external clock chip during 
I/O writes to Port 3C2H. This load pulse may be 
inhibited by setting PR11 (2) = 1. VCLK2 becomes 
a third clock select input to the external clock chip, 
which supplies multiple dot clock frequencies to 
the VCLKO input. Also, VCLK2 and VCLK1 out
puts are equal to Bits 3 and 2 of the Miscel
laneous Output Register at 3C2H when PR15 Bit 
5 = 1. 

CNF (2) - AT/MCA Bus Architecture Select. 

This bit cannot be written or read as I/O. Pulling 
down MD(2) causes CNF(2) to be latched low. 

o = Micro Channel architecture. 

1 = AT BUS architecture. 

Selecting CNF(2) changes the pinout definition 
between AT BUS and Micro Channel bus. (See 
Signal Description.) 

WD90C31 

PC-AT I/O MICRO I/O 
BUS CHANNEL 

MEMCS16 OUT CDDS16 OUT 

ROM16 OUT CSFB OUT 

EIO IN 3C3DO IN 

MRD IN M/IO IN 

MWR IN SO IN 

lOR IN S1 IN 

lOW IN CMD IN 

IRQ OUT IRQ OUT 

IOCS16 OUT CDSETUP OUT 

CNF(1) - ROM Configuration. 

With an 8-bit system interface [CNF(1) = 0]: 

Address bit A(O) = 0, selects the even ROM. 
A(O) = 1, selects the odd ROM. 

With a 16-bit system interface, [CNF(1) and PR(1) 
= 1] enables ROM16. 

This bit can not be written or read. 

0= No pull-down resistor on MD(1). The 
internal pull-up sets CNF(1) = 0 at 
power-on-reset. The WD90C31's data 
bus buffer controls are configured for 
one ROM (eight bits). PR1 (1) can not 
be set high. 

1 = The WD90C31 's data bus buffer controls 
are configured for 16-bits (as with two 
ROMs). Setting CNF(1) to 1 enables 
the HTL output pin. 

CNF (0) - BIOS ROM Mapping. 

This bit may read or written at PR1 (0). 

0= No pull-down resistor on MD(O). The 
internal pullup resistor sets this bit to 0 
at power-on-reset. 

1 = The BIOS ROM is mapped out. An ex
ternal 4.7 Kohm pull-down resistor sets 
CNF(O) = 1 on power-on-reset. 
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8.0 HARDWARE CURSOR 
The Hardware Cursor supports a user-defined 
pattern of up to 64 x 64 pixels, defined at 2 bits 
per pixel. The cursor pattern should be stored in a 
non-visible part of display memory. The cursor 
operates in all packed and planar VGA graphics 
modes, as well as VGA text modes. 

The registers are located at Port 23C2H/23C3H 
with Port 23COH=2 and identified by the Index 
number in bits 15:12. 

8.1 

INDEX FUNCTION 

Index a Cursor Control 
Index 1 Cursor Pattern Address Low 
Index 2 Cursor Pattern Address High 
Index 3 Cursor Primary Color 
Index 4 Cursor Secondary Color 
Index 5 Cursor Origin 
Index 6 Cursor Display Position X 
Index 7 Cursor Display Position Y 
Index 8 Cursor Auxiliary Color 

TABLE 8-1. CURSOR REGISTERS 

CURSOR CONTROL REGISTER, 
INDEX 0 

HARDWARE CURSOR 

Bits (10:9) - Cursor pattern type. 

00 = Cursor is 2 bits per pixel, 32x32 pixels. 

01 = Cursor is 2 bits per pixel, 64x64 pixels. 

10 = Reserved. 

11 = Reserved. 

Bit 8 - Cursor plane protection. 

a = Cursor plane protection disabled. 

1 = Cursor plane protection enabled. 

Bits (7:5) - Cursor color mode. 

000 = Straight monochrome (compatibility). 

001 = Two-color cursor with inversion. 

010 = Two-color cursor with special inversion. 

011 = Three-color cursor. 

100 = Reserved. 

101 = Reserved. 

110 = Reserved. 

111 = Reserved. 

The Cursor Control register controls operation of Bits (4:0) 
the hardware cursor. Reserved. 

BIT FUNCTION 

15:12 0000 (Index) 

11 Cursor Enable 

10:9 Cursor Pattern Type 

8 Cursor Plane Protection 

7:5 Cursor Color Mode 

4:0 Reserved 

Bits (15:12) - Index O. 

Bit 11 - Cursor enable. 

a = Cursor is not displayed. 

1 = Cursor is displayed. 

8.2 CURSOR PATIERN ADDRESS 

The two Cursor Pattern Address registers form a 
20-bit address, specifying the location in the 
display memory where the first byte of the cur
sor pattern is stored. This value is independent 
of the cursor origin. The cursor pattern may be 
stored anywhere in the display memory, but is 
generally stored in a non-visible location. 

Generally, this address represents the CPU address 
at which the pattern begins, minus the CPU address 
of the top-left corner of the screen, in whichever 
current VGA mode is in use. Not all addresses 
are valid in all modes. See the section on "Cursor 
Address Mapping." 
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NOTE 
A write to either of the Cursor Pattern 
Address Registers or the Cursor Origin 
Register does not take effect until the 
beginning of a video frame following the 
next write to the Cursor Control Register. 
(In interlace mode, it's the next video field.) 

8.2.1 Cursor Pattern Address Low, Index 1 

BIT FUNCTION 

15:12 0001 (Index) 

11 :0 Cursor Pattern Address 
Bits 11:0 

8.2.2 Cursor Pattern Address High, Index 2 

BIT FUNCTION 

15:12 0010 (Index) 

11 :9 Reserved 

8:0 Cursor Pattern Address 
Bits 20:12 

8.3 CURSOR ORIGIN, INDEX 5 

The Cursor Origin register specifies the offset in 
pixels from the top-left corner of the pattern which 
will be displayed at the cursor display position. 
This value is often referred to as the cursor's "hot 
spot". 

NOTE 
For 32 x 32 cursor patterns each field is 
restricted to the values 31-0. 

BIT FUNCTION 

15:12 0101 (Index) 

11 :6 Cursor Origin Y (63-0) 

5:0 Cursor Origin X (63-0) 

WD90C31 

8.4 CURSOR DISPLAY POSITION 

The Cursor Display Position X and Y registers 
specify the location on the screen at which the .' 
cursor origin is displayed .. These values represent 
a position in pixels, referenced to the top-left 
corner of the screen, regardless of the display 
mode. 

In text modes, the cursor position still represents 
pixels not characters. The cursor can be dis
played at any position on the screen, including 
between characters. 

NOTE 
A write to either Cursor Display Position 
X or Y register does not take effect until 
the beginning of the next video frame. (In 
interlace mode, it's the next video field.) 

8.4.1 Cursor Display Position X, Index 6 

BIT FUNCTION 

15:12 0110 (Index) 

11 Reserved 

10:0 Cursor Display Position X 

8.4.2 Cursor Display Position Y, Index 7 

BIT FUNCTION 

15:12 0111 (Index) 

11:10 Reserved 

9:0 Cursor Display Position Y 
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8.5 CURSOR COLOR REGISTERS 

The cursor color registers control the display of 
2-bit per pixel cursor patterns. 

The Cursor Primary Color, Cursor Secondary 
Color and Cursor Auxiliary Color registers specify 
eight-bit colors to be displayed for different parts 
of the cursor pattern. 

NOTE 
Even in planar mode, with four-bit pixels, 
these colors are 8 bits per pixel. 

8.5.1 Cursor Primary Color, Index 3 

BIT FUNCTION 

15:12 0011 (Index) 

11 :8 Reserved 

7:0 Cursor Primary Color 

8.5.2 Cursor Secondary Color, Index 4 

BIT FUNCTION 

15:12 0100 (Index) 

11 :8 Reserved 

7:0 Cursor Secondary Color 

8.5.3 Cursor Auxiliary Color, Index 8 

BIT FUNCTION 

15:12 1000 (Index) 

11 :8 Reserved 

7:0 Cursor Auxiliary Color 

HARDWARE CURSOR 

8.6 CURSOR REGISTER UPDATES 

When a new cursor pattern is selected, up to four 
different registers must be updated. If a new 
video frame were to begin before all registers 
were updated, a single frame could be displayed 
with incorrect cursor data. While the display 
would recover within one video frame, the results 
would be visually annoying. Therefore, the 
WD90C31 holds off use of updated register data 
until all of the associated registers have been up
dated. 

Writing to either the Cursor Pattern Address 
register or the Cursor Origin register does not take 
effect until the beginning of a video frame followng 
the next write to the Cursor Control register. 
Therefore, the Cursor Control register must be 
written to after up-dating either of these registers, 
even if the data in the Cursor Control register is to 
remain unchanged. However, reading any of 
these registers always returns the data last written 
to the register, whether or not such data has al
ready taken effect. 

A write to either Cursor Display Position X or Y 
register does not take effect until the beginning of 
the next video frame. In interlaced mode, updates 
occur at the beginning of a video field rather than 
fram~. 

8.6.1 Cursor Address Mapping 

Cursor patterns are always stored in contiguous 
locations in display memory, usually in a non
visible portion, and always across all four maps. 
The definition of contiguous locations differs 
slightly by mode, as defined in the following 
tables. 

Each mode has restrictions on where a cursor 
pattern may begin and how such a pattern must 
be stored. The location where the currently re
quired cursor pattern is stored in display memory 
is loaded by the host into the Cursor Pattern Ad
dress registers, according to the following tables. 

The Cursor Pattern Address registers point to the 
doubleword starting region of the cursor pattern. 
They are not byte addesses and consecutive 
register values generally do not point to consecu
tive memory bytes. However, the cursor pattern 
must use all of the consecutive memory bytes (1 K 
or 256 bytes) assigned to it starting from the byte 
pointed to. 
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PLANAR MODES 

CPU Cursor Pattern Address 
Address 

BankO 
AOOOO <D 
Map 0 0 If pattern starts here ... 
Map 1 ® then next byte is here ... 
Map 2 ® then here ... 
Map 3 ® then here ... 
AOO01 
MapO 1 and fifth byte is here 

JJ 
AFFFF 
Map 0 FFFF 
Bank 1 
AOOOO 
Map 0 10000 

JJ 
AFFFF ® 
~ 
Map 3 1 FFFF (Theoretical maximum for 

1 K X 1 K display memory.) 

2S6-COLOR MODES 

CPU Cursor Pattern Address 
Address 

BankO 
AOOOO <D 0 If pattern starts here ... 
AOO01 ® then next byte is here ... 
AOO02 ® then here ... 
AOO03 ® then here ... 
AOO04 

JJ 
1 and fifth byte is here 

AFFFC 3FFF 
Bank 1 
AOOOO 4000 

JJ 
Bank OF 

JJ 
AFFFC ® 3FFFF (Theoretical maximum for 

1 K X 1 K display memory.) 

WD90C31 

TEXT MODES 

CPU Cursor Pattern Or 
Address ® Pattern MaskAddress 

Maps 0:1 
B8000 <D 0 If pattern starts here ... 
B8001 ® then next byte is here ... 
Maps 2:3 
B8000 ® then here ... 
B8001 ® then here ... 
Maps 0:1 
B8002 1 and fifth byte is here 
B8003 

JJ 
BFFFE 3FFF 

BFFFF 
See the following notes. 

NOTES 
<D. These locations are usually visible. In 

practice, cursor pattern is usually 
stored in non-visible memory. 

®. Cursor pattern must start in map 0 but 
pattern is stored on all maps. 

®. Some modes and/or boards may not 
support CPU addresses up to this 
level. Since up to 1 K consecutive 
locations are required for the pattern, 
the pattern cannot actually start at the 
highest locations. 

®. In mode 7, CPU addresses are 
BOOOO-B7FFE. 
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8.6.2 Two-Bit Cursor Pattern Format 

The cursor pattern pointed to by the Cursor Pat
tern Address registers for two-bit cursor patterns 
is stored in either 1 K or 256 consecutive memory 
byte locations. The cursor pattern data is stored 
for 64x64 and 32x32 cursors as follows: 

8.6.2.1 Cursor Pattern - 2-bit, 64 x 64 cursors 

Offset Cursor Pattern 

OeD Cursor pattern, AND 
plane, row 0, col. 0-7 @. 

1 Cursor pattern, XOR 
plane, row 0, col. 0-7. 

2 Cursor pattern, AND 
plane, row 0, col. 8-15. 

JJ 

15 Cursor pattern, XOR 
plane, row 0, col. 56-63. 

16 Cursor pattern, AND 
plane, row 1, col. 0-7. 

JJ 

1023 Cursor pattern, XOR 
plane, row 63, col. 56-
63. 

NOTES 
eD Offset is in bytes from cursor pattern 

starting location. 

@ Within each byte, the high-order bit 
represents the leftmost column. 

HARDWARE CURSOR 

8.6.2.2 Cursor Pattern - 2-bit, 32 x 32 cursors 

Offset Cursor Pattern 

° Cursor pattern, AND 
plane, row 0, col. 0-7. 

1 Cursor pattern, XOR 
plane, row 0, col. 0-7. 

2 Cursor pattern, AND 
plane, row 0, col. 8-15. 

JJ 

7 Cursor pattern, XOR 
plane, row 0, col. 24-31. 

8 Cursor pattern, AND 
plane, row 1, col. 0-7. 

JJ 

255 Cursor pattern, XOR 
plane, row 31, col. 24-
31. 

8.6.3 Loading the Cursor Pattern 

Loading a cursor pattern requires writing the pat
tern to a non-visible portion of display memory, 
then pointing to the pattern with the Cursor Pat
tern Address registers (Index 1, 2). A cursor pat
tern already in display memory can be selected 
simply by loading these registers. 

In some VGA modes, certain maps are not 
defined but the physical RAM connected to those 
maps appears at higher memory locations in the 
maps that are defined. For instance, the first byte 
of map 2 may appear as the 64th Kbyte in map 0. 
Therefore a cursor pattern that occupies con-. 
tiguous locations in one mode may appear frag
mented in other modes. It is the responsibility of 
the software to track these fragments and assure 
that no part of the pattern will be accidentally 
overwritten. 

18-96 ADVANCED INFORMATION 11/25/91 



HARDWARE CURSOR 

8.6.4 Cursor Color Modes 

A cursor may be displayed using any of four color 
modes selected by the Cursor Color Mode field of 
the Cursor Control Register (Index 1). Depending 
on the color mode selected, each 2-bit pixel of the 
cursor pattern will be displayed against the back
ground as described in Table 8-2. 

The "special" color generates the exclusive-NOR 
(XNOR) of the background and the Auxiliary Color 
Register (Index 8). This retains the "different from 
background" color property of inversion while ad
ding the ability to specify one preferred "special 
inversion" from a background color to any desired 
color. 

To use this feature, the Cursor Color Mode field 
must be set to "special", and the Cursor Auxiliary 
Color should be loaded with the exclusive NOR 
(XNOR) of the background color to be translated 
and the desired color to be displayed. When set 
in this manner, any screen pixel of the former 
color covered by an inverting cursor pattern pixel 
will be "inverted" into the auxiliary color. 

8.6.5 Compatibility Differences 
Between Hardware and 
Software Cursor 

WD90C31 

Some cursor colors may display differently using 
the hardware cursor than when using a software 
cursor. This can happen in Planar Modes, be
cause a software cursor modifies memory data 
that is then passed through the VGA Palette reg
isters, while the hardware cursor operates on data 
at the output of the VGA Palette registers. The 
section on "Cursor Plane Protection" explains how 
to minimize these incompatibilities. 

CURSOR COLOR COLOR COLOR COLOR 
PATTERN G) MODE 0 MODE 1 MODE 2 MODE 3 

00 AIIOs~ Secondary Secondary Secondary 

01 A1I1s~ Primary Primary Primary 

10 Transparent Transparent Transparent Transparent 

11 Inverted ~ Inverted ~ Special ® Auxiliary 

TABLE B-2. CURSOR COLOR MODES 

NOTES 
G) The high-order bit of each 2-bit pattern is the AND mask, the low-order bit is the OR mask. 

~ Cursor plane protection may apply in this case. 

® Background is XNOR'd with the auxiliary color. 
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8.6.6 Cursor Plane Protection 

In 2S6-color modes, a background pixel covered 
by the cursor is either replaced by a specified 8-bit 
color or is inverted. For other modes, cursor 
plane protection is available. 

When the Cursor Plane Protection bit of the Cur
sor Control register is set, some bits of the back
ground are handled differently in certain cases. 
Cursor plane protection applies to all but 
transparency in cursor Mode a and to inversion in 
cursor Mode 1. In these cases the two or four 
high-order bits of the background are replaced 
with the corresponding bits of the Cursor Auxiliary 
Color register (Index 8). 

When bit 7 of 'the VGA Attribute Mode Control 
register (Port 3COH/3C1 H, Index 10H) is reset, 
cursor plane protection applies to the two high
order bits of the background. When this bit is set, 
protection applies to the four high-order bits. 

HARDWARE CURSOR 

This feature is designed to provide as much 
flexibility and compatibility with a software cursor 
as possible, due to the processing done by the 
VGA attribute controller. 

Typically when using cursor plane protection, the 
host driver sets the Cursor Auxiliary Color 
register's high-order bits to match the VGA Color 
Select register, which often maps most cursor 
pixels into the same palette locations as their 
software counterparts. Alternatively, those auxil
Iary color bits may be set to point to an unused 
section of the palette and load the palette with all 
of the desired cursor colors for primary, secondary 
and all possible inversion colors. This latter 
method can be used for full color compatibility 
when necessary, as long as the driver has control 
over the loading of the external palette and the 
internal color registers. 
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9.0 HARDWARE BITBLT 
The BITBLT hardware supports accelerated data 
transfers between regions of display memory. 
Display memory regions may be rectangular or 
linear. 

A full complement of raster operations are avail
able. Color expansion and transparency, useful 
for accelerating text modes as well as Plane 
Masking is also supported. 

This same hardware can be used to rapidly copy 
8X8 patterns and fill rectangles. 

The BITBLT hardware supports text modes and 
monochrome, 4-bit, and 8-bit color modes. 

Index 0 BITBLT Control- part 1· 

Index 1 BITBLT Control - part 2 

Index 2 BITBLT Source Low 

Index 3 BITBLT Source High 

Index 4 BITBLT Destination Low· 

Index 5 BITBLT Destination High· 

Index 6 BITBLT Dimension X 

Index 7 BITBLT Dimension Y 

Index 8 BITBLT Row Pitch 

Index 9 BITBLT Raster Operation 

Index A BITBLT Foreground Color 

Index B BITBLT Background Color 

Index C BITBLT Transparency Color 

Index D BITBLT Transparency Mask 

Index E BITBLT Map And Plane Mask 

• All or part of these registers can change 
automatically. 

TABLE 9-1. BITBLT REGISTERS 

WD90C31 

9.1 SOURCE AND DESTINATION 

The BITBLT Source Low and BITBLT Source High 
registers specify the source address for BITBLT 
operations. The BITBLT Destination Low and 
BITBLT Destination High registers specify the 
destination address. The high and low fields of 
each register pair are concatenated to form a 21-
bit address pointing to the starting corner of the 
source or destination area. 

The starting corner for source and destination will 
be either the top-left or bottom-right corner. The 
corner specified must be coordinated with the 
BITBLT Direction bit of the BITBLT Control register. 

When the source and destination areas do not 
overlap, BITBLT can be started in either corner. 
When these areas overlap, the corner and direc
tion must be selected to prevent parts of the 
source area from being overwritten by the destina
tion array before they are copied. 

When the BITBLT Update Destination bit in the 
BITBLT Control register is set, the host should not 
read the BITBLT Destination registers while a 
BITBLT is in progress, since these registers 
change just before the end of the operation. 

When the BITBLT Quick Start bit in the BITBLT 
Control Register is set, writing these registers may 
start BITBLT operations. 

9.1.1 BITBLT Source Low, Index 2 

BIT FUNCTION 

15:12 0010 (Index) 

11 :0 BITBLT Source Position -
Bits 11:0 
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9.1.2 BITBlT Source High, Index 3 

BIT FUNCTION 

15:12 0011 (Index) 

11 :9 Reserved (Must Be 0) 

8:0 BITBLT Source Position -
Bits 20:12 

9.1.3 BITBlT Destination low, Index 4 

BIT FUNCTION 

15:12 0100 (Index) 

11 :0 BITBLT Destination 
Position - Bits 11 :0 

9.1.4 BITBlT Destination High, Index 5 

BIT FUNCTION 

15:12 0101 (Index) 

11 :9 Reserved (Must Be 0) 

8:0 BITBLT Destination 
Position - Bits 20:12 

9.2 ADDRESS MAPPING 

The source and destination addresses are partially 
mode dependent. Addresses represent the char
acter or pixel at the starting corner of the move, 
which may be the top left or bottom right corner. 

HARDWARE B/TBL T 

9.2.1 Monochrome And Planar Modes 

REGISTER DISPLAY MEMORY lOCATION 
ADDRESS 

a All maps, location 0, bit 7 (left 
most pixel). 

1 All maps, location 0, bit 6. 

~ 

7 All maps, location 1, bit 0 (right 
most pixel). 

8 All maps, location 1, bit 7. 

~ 

512K-l All maps, location 64K-l, bit 0 CD. 

512K All maps, location 64K, bit 7. 

~ 

1 M - 1 All maps, location 128K-l, bit 0 ®. 

~ 

2M -1 All maps, location 256K-l, bit 0 @. 

CD Last location in a 256 KB system. 

® Last location in a 512 KB system. 

@ Last location in a 1 MB system. 
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9.2.2 Packed Modes 

REGISTER DISPLAY MEMORY LOCATION 
ADDRESS 

0 Map 0, location 0, entire byte (left 
most pixel). 

1 Map 1, location 0, entire byte. 

2 Map 2, location 0, entire byte. 

3 Map 3, location 0, entire byte 
(right most pixel). 

4 Map 0, location 1, entire byte. 

U 

256K -1 Map 3, location 64K-1, entire byte a. 
256K Map 0, location 64K, entire byte. 

U 

512K -1 Map 3,Iocation 128K-1, entire 
byte@. 

U 

1 M - 1 Map 3, location 256K-1, entire 
byte ®. 

<D Last location in a 256 KB system. 

@ Last location in a 512 KB system. 

® Last location in a 1 MB system. 

The location referred to in sections 9.2.1 and 9.2.2 
is the CPU address offset in bytes from the top of 
the display memory for any given mode. For ex
ample, where display memory starts at CPU ad
dress AOOOOH, location 123H would correspond to 
CPU address A0123H. Where display memory is 
divided into pages, the location is calculated as if 
all pages were consecutive. For example, with dis
play memory pages of 64 Kbytes, location 10123H 
would correspond to CPU address A0123H in the 
second page of the display memory. 

When the source or destination of a BITBL T 
operation is not a memory location, the cor
responding pair of position registers are unused 
and may contain any value, except that the two or 
three low-order bits of the BITBLT Source Low 
register are still used to specify a source align
ment of the data. 

WD90C31 

9.3 DIMENSIONS AND ROW PITCH 

When neither source nor destination regions are 
rectangular, the product of the X and Y dimension II : values represents the number of pixels to be 
moved. 

Linear areas larger than 2K pixels or bytes cannot 
be moved in a single operation unless the dimen
sion can be expressed as a product of the two 
registers. In this case, best performance is ob
tained by selecting values that specify the X 
dimension as large as possible. 

9.3.1 BITBLT Dimension X, Index 6 

BIT FUNCTION 

15:12 0110 (Index) 

11 :0 BITBLT Dimension X * 

* legal range is 1 to 2K pixels 

The BITBLT Dimension X register specifies the 
width of the rectangular region to be copied. 

In Graphic Modes, this value is expressed in 
pixels. 

In Text Modes, this value is expressed in the num
ber of characters multiplied by eight (even though 
each character is stored using only two bytes). 

9.3.2 BITBLT Dimension Y, Index 7 

BIT FUNCTION 

15:12 0111 (Index) 

11 :0 BITBLT Dimension Y * 

* legal range is 1 to 2K pixels 

The BITBLT Dimension Y register specifies the 
height of the rectangular region to be copied. 

In Graphic Modes, this value is the height of the 
region in pixels. 

In Text Modes, this value is the height of the 
region in character rows. 
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9.3.3 BITBLT Row Pitch, Index 8 

BIT FUNCTION 

15:12 1000 (Index) 

11 :0 BITBl T Row Pitch * 

* In Packed Mode, the two low 
order bits of this field must be 
zero. 
In Panar Mode, the three low 
order bits must be zero. 

The BITBlT Row Pitch register specifies the linear 
offset from any location in a given row to the same 
location in the next row. This offset is in the same 
units as the source and destination fields to which 
it applies. 

When both source and destination are rectangular 
areas, the BITBlT Row Pitch applies to both 
areas. When either. or both are non-rectangular, 
the offset does not apply to that range. 

9.4 FOREGROUND AND BACKGROUND 
COLORS 

The BITBlT Foreground and Background Color 
registers specify 8-bit or 4-bit digital colors to be 
used when expanding monochrome source areas. 
The foreground color can also be specified as the 
source of a BITBlT to produce a filled rectangle. 

HARDWARE BITBL T 

BITBL T Foreground Color, Index A 

BIT FUNCTION 

15:12 1010 (Index) 

11 :8 Reserved 

7:0 BITBl T Foreground Color * 

* In Planar modes, only bits 3:0 
are used to specify a color. 

BITBLT Background Color, Index B 

BIT FUNCTION 

15:12 1011 (Index) 

11 :8 Reserved 

7:0 BITBl T Background Color * 

* In Planar modes, only bits 3:0 
are used to specify a color. 
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9.5 MAP AND PLANE MASK 

The BITBLT Mask register controls both Plane 
and Map Masks used in BITBLT. 

The BITBLT Map Mask field specifies a four-bit 
mask that prevents data in the specified maps 
from being updated. This map is needed for 
BITBLT in all text modes to prevent font data from 
being overwritten in a character-attribute move 
and vice versa, and VGA mode F. It can also be 
used in VGA modes 4, 5 and 6 for partial 
hardware support. Additionally, it can be used in 
VGA modes 0, E, 10, 11 and 12 and extended 

BITS 
3:0 

XXXO 

XXXi 

j.f 

OXXX 

1XXX 

WD90C31 

BITBLT 
MAP MASK 

Map 0 Disabled 

Map 0 Enabled 

Map 3 Disabled 

Map 3 Enabled 

Planar modes as a Plane Mask if desired. 9.6 RASTER OPERATIONS 

The BITBLT Plane Mask field specifies an eight
bit mask that prevents data in the specified planes 
from being updated. It is useful in VGA Mode 13 
and extended Packed modes when Plane Mask
ing is desired. 

BITBLT Mask - VGA, Index E 

BIT FUNCTION 

15:12 1110 (Index) 

11 :8 Reserved 

7:0 BITBLT Plane Map Mask 
Mode * 

* In Planar Modes, only bits 3:0 
are used. 

BITS BITBLT 
7:0 PLANE MASK 

XXXXXXXO Plane 0 Disabled 

XXXX XXX1 Plane 0 Enabled 

j.f 

OXXXXXXX Plane 7 Disabled 

1XXXXXXX Plane 7 Enabled 

The BITBLT Raster Operation register specifies a 
bitwise logical operation to be performed on the 
source and destination fields. This field is always 
active and must be loaded with the appropriate 
value even when a simple source copy is to be 
performed. 

BITBL T Raster Operation, Index 9 

BIT FUNCTION 

15:12 1001 (I ndex) 

11 :8 BITBLT Raster Operation 

7:0 Reserved 

The Raster Operation code is defined as follows. 

For the two operands source and destination, 
define the results of the 2-input truth table below 
for the desired function. The source (S) and des
tination (D) form a 2-bit value in the table. 

The four 1-bit results of the truth table for the 
desired operation in the form "abcd" form the 
raster operation code. The "a" is defined as the 
high-order bit of the code. 

While the Raster Operation code represents a 2-
input operation, both inputs are not always 
relevant in the operation. For example, codes 
0011 (source copy) and 1100 (inverted source 
copy) are independent of the destination field. 

Arithmetic operations are not supported. 

Table 9-2 presents the Raster Operation Codes. 
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BITBL T Truth Table 

SD Result 

00 A 

o 1 B 

1 0 C 

1 1 D 

abcd Function abed Fucntion 

0000 Zero 1000 NOR 

0001 AND 1001 XNOR 

0010 S.D 1010 Inv Dest 

0011 Src 1011 S+D 

0100 S.D 1100 Inv Src 

0101 Dest 1101 S+D 

0110 XOR 1110 NAND 

0111 OR 1111 One 

TABLE 9-2. 
RASTER OPERATION CODE 

9.7 PATTERNS 

The WD90C31 has a special mode to accelerate 
the copying of 8X8 source patterns. In this mode, 
an 8X8 full-color or monochrome pattern can be 
repetitively applied to a large destination area in 
an efficient manner. 

To perform a pattern copy, the host first writes the 
8X8 pattern to display memory in a linear 
fashion, usually to a non-visible location, depend
ing on the current addressing mode, as described 
in sections 9.7.1 and 9.7.2. The host then loads 
the BITBLT Source registers, with the location of 
the pixel within the pattern corresponding to the 
top-left corner of the destination region. The 
BITBLT Pattern Select field of the BITBLT Control 
register must be set to 8X8 patterns. 

HARDWARE BITBL T 

To specify a monochrome pattern, the host must 
write a color pattern in the current mode, planar or 
packed, and then use the control registers to 
specify a single plane of the source to be used. 

9.7.1 BITBLT Pattern Storage - Monochrome 
And Planar Modes 

In planar mode, the 8X8 source pattern must be 
stored in display memory in a 32-byte aligned 
area. It is stored as 64 consecutive pixels, not as 
a rectangular region. When performing the pat
tern copy, however, the source address may point 
to any pixel within the 64-pixel region. This pixel 
is anchored to the top-left corner of the destination 
region, and the pattern wraps to the right and 
down from that point. 

PIXEL DISPLAY MEMORY 
ADDRESS CONTENTS 

n* All maps, top row 
of 8X8 pattern. 

All maps, second 
row of 8X8 pattern. 

All maps, bottom 
row of 8X8 pattern. 

* 'n' must be a multiple of 64 

9.7.2 BITBLT Pattern Storage - Packed Modes 

In packed mode, the 8X8 source pattern must be 
stored in display memory in a 64-byte aligned 
area. It is stored as 64 consecutive bytes, not as 
a rectangular region. When performing the pat
tern copy, however, the source address may point 
to any pixel within the 64-pixel region. This pixel 
is anchored to the top-left corner of the destination 
region and the pattern wraps to the right and 
down from that point. 

18-104 ADVANCED INFORMATION 11/25/91 



HARDWARE BITBL T 

9.8 

PIXEL 
ADDRESS 

n* 

n + 1 

JJ 

n+7 

n+8 

JJ 

n + 63 

DISPLAY MEMORY 
CONTENTS 

Top row of 8X8 pat-
tern, left most pixel. 

Top row of 8X8 pat-
tern, second pixel. 

Top row of 8X8 pat-
tern, right most 
pixel. 

Second row of 8X8 
pattern, left most 
pixel. 

Bottom row 8X8 
pattern, right most 
pixel. 

* 'n' must be a multiple of 64 

MONOCHROME TO COLOR 
EXPANSION 

When the source of a BITBLT operation is 
monochrome, each 0 in the source region is 
replaced with the specified background color, 
while each 1 is replaced with the foreground color. 
All other processing options, including masks and 
raster operations, remain active and operate on 
the expanded colors. 

When the source is specified as a fixed color, the 
entire destination will be filled with the foreground 
color, subject to masks, raster operations and 
destination transparency. Filled rectangles are 
generated in this manner. 

When a monochrome source is generated by the 
color comparators, color destination transparency 
is generally not available, since the transparency 
color registers are in use. 

WD90C31 

9.9 EXTRACTING MONOCHROME DATA 

Monochrome data can be extracted from color 
data read from display memory by the color com
parators. Data extracted in this manner is repli
cated to each plane or map as if it had been read 
from the memory. 

When extracted, monochrome data is usually ex
tracted from color data in display memory. How
ever, when the BITBLT source is the system 1/0 
location, monochrome data can be extracted in 
the same manner. 

To extract a single plane from a color source field, 
the BITBLT Transparency Color register should be 
loaded with FFH (all ones), while the BITBLT 
Transparency Mask register should be loaded 
with a 0 in the map or plane position to be ex
tracted, and a 1 in all other positions. 

Monochrome data is usually extracted as a 
specific bit of each 4-bit or 8-bit pixel. However, 
the color comparators can be used to extract any 
color, or any maskable group of colors, into the 
monochrome color 1, with all other colors return
ing a monochrome o. 
When the Monochrome Transparency bit is set in 
the BITBLT Control register, all monochrome 
source pixels of 0 do not affect the background, 
regardless of any selected raster operation. 

The Transparency Enable and Polarity bits in this 
register have no effect on monochrome data ex
traction. 

9.10 COLOR TRANSPARENCY 

Color transparency is the concept that a certain 
color or range of colors in the source or destina
tion field of a BITBLT are actually transparent, with 
the rest being opaque. Transparent source colors 
do not overwrite the background. Opaque des
tination colors cannot be overwritten. A common 
simplified form of source transparency is the logi
calOR of source and destination, in which a 
source field of zero is effectively a transparent 
color, since when OR'ed with the destination, it 
does not change. 

Color destination transparency is supported by the 
WD90C31, in addition to the more limited 
monochrome transparency described elsewhere. 
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9.10.1 BITBLT Transparency Color, Index C 

BIT FUNCTION 

15:12 1100 (Index) 

11 :8 Reserved 

7:0 BITBLT Transparency 
Color * 

* In Planar Modes, only the four 
low-order bits are used. 

The BITBLT Transparency Color register specifies 
an 8-bit or 4-bit digital color to be used as the 
transparency color. 

9.10.2 BITBLT Transparency Mask, IndexD 

BIT FUNCTION 

15:12 1101 (Index) 

11 :8 Reserved 

7:0 BITBLT Transparency 
Mask * 

* In Planar Modes, only the four 
low-order bits are used. 

The BITBLT Transparency Mask register specifies 
an 8-bit or 4-bit mask for use in comparison 
against the transparency color. 

The pixels of the destination are compared against 
the Transparency Color under control of the 
Transparency Mask. Each bit of the Transparency 
Mask that is a 1 makes the corresponding bit of the 
Transparency Color a "don't care". 

The BITBLT Transparency Enable bit of the 
BITBLT Control register (Index 1) specifies 
whether Color Transparency is enabled or dis
abled. The BITBL T Transparency Polarity bit 
specifies whether pixels matching the Transparen
cy Color are considered opaque, or considered 
transparent, in which case the destination at that 
location is not overwritten, and pixels not match
ing the Transparency Color cause the background 
not to be overwritten. 

HARDWARE B/TBL T 

9.11 FILLED RECTANGLES 

Filled rectangles can be drawn very efficiently by 
the BITBLT hardware. A filled rectangle is simply 
a BITBLT with a source of a fixed color. To draw a 
filled rectangle, the host sets the Source Format 
field in the BITBLT Control register (Index 0) to 
"fixed color", and the Foreground Color register 
(Index A) to the desired fill color. A source ad
dress is not required. All other BITBLT options are 
available normally. 

9.12 SYSTEM MEMORY TO DISPLAY 
MEMORY OPERATIONS 

To copy data from system memory to display 
memory, the host may specify the source of a 
BITBLT as a system 110 location rather than dis
play memory. In this case, display memory reads 
come from the 32-bit readback latch written by the 
host. 

After starting the BITBLT operation, the host 
writes a series of doublewords to the readback 
latch. This 32-bit register is accessed by two con
secutive writes to the 16-bit BITBLT I/O port, 
with the low-order word of this register written first. 
This port may also be accessed by two 8-bit 
writes as long as the even port is accessed first. 
At the beginning of each BITBLT operation, the 
internal pointer is reset to the low-order word. 

When a source read is required and data from the 
host is unavailable, the WD90C31 suspends the 
BITBLT operation until data becomes available. 
Similarly, when the host attempts to write the 
register before previous data in it has been 
processed, the WD90C31 holds off the host. 

Conceptually, the 32 bits written by the host exactly 
replace the 32 bits that would have been read 
from the display memory. Just like the destina
tion, the source may have any alignment. The 
two or three low-order bits (Packed or Planar 
Mode) of the BITBLT Source Low register (Index 
2) specify the alignment of the source region. The 
other bits of the BITBLT Source Low register may 
have any value. That is, the pixel of the source 
word pointed to by those low-order bits cor
responds to the first pixel of the destination. 
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NOTE 
Source writes from the host are always 
performed in 32-bit groups, however the 
data is written to a 16-bit port. Therefore 
the host must always perform two 16-bit 
I/O writes at a time to the port, even 
when the remaining destination width is 
less than four or eight pixels. 

Just like display memory, no source doubleword 
from the host may straddle two lines of the des
tination. 

9.13 DISPLAY MEMORY TO SYSTEM 
MEMORY OPERATIONS 

To copy data from display memory to system 
memory, the host may specify the source of a 
BITBLT as a system I/O location, rather than dis
play memory. In this case, display memory writes 
are replaced by writes to a 32-bit register read by 
the host. 

This 32-bit register is accessed by two consecu
tive reads of the 16-bit BITBLT I/O port. The low
order word of this register is read first. This port 
may also be accessed by two 8-bit reads, as long 
as the even port is accessed first. At the begin
ning of each BITBLT operation, the internal pointer 
is reset to the low-order word. 

When a destination write is required and the host 
has not read data from the previous write, the 
WD90C31 suspends the BITBLT operation until 
the host catches up. Similarly, when the host at
tempts to read the register before data is avail
able, the WD90C31 holds off the host. 

Conceptually, the 32 bits read by the host exactly 
match the 32 bits that would have been written to 
the display memory. Unlike outputting to display 
memory, the destination is always doubleword 
aligned, that is, the first pixel of the source cor
responds to the first pixel of the destination. 

NOTE 
Source reads by the host are always per
formed in 32-bit groups, however the 
data is read from a 16-bit port. Therefore 
the host must always perform two 16-bit 
I/O reads at a time from the port, even 
when less than 32 bits remain in the cur
rent line. 
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Just like display memory, no destination 
doubleword to the host may straddle two lines of 
the source. 

9.14 SYSTEM MEMORY TO DISPLAY 
MEMORY TRANSFERS WITH COLOR 
EXPANSION 

The host may transfer monochrome data from 
system memory to display memory, and in the 
process, expand it to any two colors or one color 
plus transparent. 

To accomplish this, the host sets the BITBLT 
Source Select field in the BITBLT Control register 
(Index 0) to "System I/O Location" and the BITBLT 
Source Format field to "Monochrome From Host". 
If transparency is desired, the Monochrome 
Transparency bit is also set. The BITBLT 
Foreground and Background Color registers 
(Index A and B) may also be set. 

The host then issues a series of 16-bit I/O writes 
to the BITBLT I/O port which are expanded to 
eight 4-bit pixels. The remaining eight high-order 
bits are ignored. In Packed Mode, the four low
order bits are expanded to four 8-bit pixels and 
the remaining 12 bits are ignored. 

The low-order bits of the BITBLT Source register 
(Index 2) work as in other system-to-video 
memory transfers. 

No source word may straddle two lines of the des
tination. All other BITBLT options work normally in 
this mode. 
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9.15 CONTROL AND STATUS 

BITBLT Control- Part 1, Index 0 

BIT FUNCTION 

15:12 0000. (Index) 

11 BITBL T Activation/Status' 

10 BITBL T Direction 

9:8 BITBL T Addressing Mode 

7 BITBL T Destination 
Linearity 

6 BITBLT Source Linearity 

5:4 BITBL T Destination Select 

3:2 BITBLT Source Format 

1 :0 . BITBL T Source Select 

• This bit is automatically reset 
when BITBLT is completed. 

Bits (15:12) - Index O. 

Bit 11 - BITBLT Activation/Status. 

Writing a 1 to this bit· starts a BITBLT operation 
using the currently loaded register values. This bit 
is reset automatically when the BITBLT operation 
is completed. Therefore, reading a 1 from this bit 
indicates a BITBLT opration is in progress. 

Writing a 0 to this bit will not start a BITBLT opera
tion, but may be useful in "quick start" mode to set 
the other bits in the register for the coming series 
of quick-start operations. . 

CAUTION 
Writing a 0 to this bit while a BITBLT 
operation is in progress may cause un
expected and unrecoverable results. 

0= Do not start BITBLT (write), BITBLT com
pleted (read). 

1 = Start BITBLT (write), BITBLT in progress 
(read). 

HARDWARE BITBL T 

Bit 10 - BITBLT Direction. 

0= BITBLT direction is top to bottom, left to 
right. 

1 = BITBLT direction is bottom to top, right to 
left. 

Bits (9:8) - BITBLT Address Mode. 

00 = Planar Mode (includes monochrome 
modes). 

01 = Packed Mode, includes text and 256-
color modes. 

1 X = Reserved for future expansion. 

Bit 7 - BITBL T Destination Linearity. 

o = Destination area is rectangular . 

1 = Destination area is linear . 

Bit 6 - BITBL T Source Linearity. 

o = Source area is rectangular. 

1 = Source area is linear. 

Bits (5:4) - BITBLT Destination Select. 

00 = Destination is screen memory. 

10 = Destination is system I/O location. 

X1 = Reserved for future expansion. 

Bits (3:2) - BITBLT Source Format. 

00 = Source format is color. 

01 = Source format is monochrome from 
color comparators. 

10 = Source format is fixed color (filled rec- . 
tangle). 

11 = Source format is monochrome from host. 

Bits (1 :0) - BITBL T Source Select. 

00 = Source is screen memory. 

10 = Source is system I/O location, 32 bits. 

X1 = Reserved for future expansion. 
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BITBL T Control - Part 2, Index 1 

BIT FUNCTION 

15:12 0001 (Index) 

11 Reserved 

10 BITBLT Interrupt Enable 

9:8 Reserved 

7 BITBLT Quick Start 

6 BITBLT Update Destina-
tion 

5:4 BITBLT Pattern Select 

3 BITBLT Monochrome 
Transparency 

2 BITBLT Transparency 
Polarity 

1 Reserved, must be 0 

0 BITBLT Transparency 
Enable 

Bits (15:12) -Index 1. 

Bit 11 

Reserved. 

Bit 10 - BITBLT Interrupt Enable. 

0= Do not interrupt on completion of BITBLT. 

1 = Interrupt on completion of BITBLT. 

Bits (9:8) 

Reserved. 

Bit 7 - BITBLT Quick Start. 

Quick Start Mode 
When BIT 7 is set, BITBLT starts automatically as 
soon as the BITBLT Destination Low register 
(Index 4) is written, unless automatic destination 
update is enabled for BITBLT, in which case the 
BITBLT starts automatically when the BITBLT 
Source Low register (Index 2) is written. 

This mode permits a chain of BITBLT operations 
to be performed with one less register write opera
tion than would otherwise be required. All other 
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bits in the BITBLT Control register operate as they 
were last written, and the BITBLT Activation bit is 
physically set and can be read back normally . 

0= BITBLT starts only when explicitly 
enabled. 

1 = BITBLT starts automatically when des
tination register is written, or source 
register if destination update is enabled. 

BIT 6 - BITBL T Update Destination. 

Automatic Destination Update 
A host doing multiple BITBLTs need only update 
those registers that change from one BITBLT to 
the next. Most BITBLT registers never change un
less written by the host. The exceptions to this 
are the two BITBLT Destination registers (Index 4, 
5) and the status bit in the BITBLT Control register 
(Index 0). 

When bit 6 of this register is set, the BITBLT Des
tination registers are automatically updated at the 
end of each BITBLT operation to point to the rec
tangular region immediately to the right of the pre
vious destination region. This is specifically 
aimed at improving text output operations. When 
the destination area is specified as linear rather 
than rectangular, the destination registers point to 
the location immediately past the previous des
tination area. 

o = Do not update destination on completion 
of BITBLT. 

1 = Update destination on completion of 
BITBLT. 

Bits (5:4) - BITBLT Pattern Select. 

00 = Patterns are not used. 

01 = 8X8 patterns are used for source. 

1 X = reserved for future expansion. 

Bit 3 - BITBL T Monochrome Transparency. 

o = Monochrome transparency is not 
enabled. 

1 = Monochrome transparency is enabled. 
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Bit 2 - BITBl T Transparency Polarity. 

o = Matching pixels are transparent. 

1 = Matching pixels are opaque. 

Bit 1 
Reserved, must be set to o. 

HARDWARE B/TBL T 

Bit 0 - BITBlT Transparency Enable. 

o = Transparency is not enabled. 

1 = Transparency is enabled. 
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10.0 REGISTER ACCESS 
All of the WD90C31 enhanced functions are con
trolled by one or more registers, most of which are 
above and beyond standard VGA registers. 

Some enhanced functions are controlled by VGA
type index/data register pairs, where one register 
acts as an index pointer for a group of registers 
while the other is a read/write port for the data. 

Other enhanced functions are controlled by in
dexed register blocks. Each indexed register 
block can contain up to sixteen 12-bit indexed 
registers. The 4-bit register index is written, along 
with the 12-bit data field, to form a 16-bit word. 

Access to the VGA-type registers is described 
elsewhere. This section only describes the ac
cess to indexed register blocks. 

10.1 ACCESSING INDEXED REGISTERS 

To write to one or more indexed registers within 
any register block, that register block must first be 
selected by loading its address into the Register 
Block Pointer field of the Index Control register. 
This causes the selected register block to appear 
at the Register Access port. 

A 16-bit word is then written to the Register Ac
cess port. The four high-order bits specify the 
Index of the individual register being written, while 
the 12 low-order bits are the data to be written. 
Additional registers within the same register block 
may then be written without re-selecting that 
register block. 

To read one or more indexed registers within a 
register block, the address of that register block is 
first written to the Register Block Pointer Field of 
the Index Control Register. The desired starting 
register to be read within the block is then written 
to the Register Index Field of this register. This 
causes the selected register to appear at the 
Register Access port. The Register Index Field 
and Register Block Pointer Field can be set with a 
single 16-bit write. 

A 16-bit word is then read from the Register Ac
cess port. When reading an indexed register, the 
value returned contains the index of the register in 
the four high-order bits. 

If the Auto-Increment Disable bit in the Index Con
trol register is reset, consecutive reads to the 

WD90C31 

Register Access port will return consecutively in
dexed registers within the same register block. 
Registers are read in ascending order through 
register F (the 16th register in the block), followed 
by register 0 and cycling indefinitely as long as 
reads continue. Addressing a non-existant 
register results in zeros being returned in the 12-
bit data field. 

If the Auto-Increment Disable bit is set, consecu
tive reads return the same indexed register. 

10.2 INDEX CONTROL REGISTER 

The Index Control register is a read/write register 
which controls reads and writes to indexed 
registers blocks. 

BIT FUNCTION 

15:14 Reserved 

13 Invalid register block. 
This bit is read only 

12 Auto-increment disable 

11 :8 Register Index. When 
read, this field returns 
the index of the next 
register to be read. 

7:0 Register Block Pointer 

Bit 13 - Invalid Register Block. 

o = Currently addressed register block exists 
on this device. 

1 = Currently addressed register block does 
not exist on this device. 

Bit 12 - Auto-increment Disable. 

o = Consecutive reads return consecutive in
dexed registers. 

1 = Consecutive reads return the same in
dexed register. 
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10.3 SYSTEM CONTROL REGISTER BLOCK 

The System Control register block contains 
registers controlling overall system functions. 

Index a Interrupt Status 

10.3.1 Interrupt Status Register, Index 0 

Interrupt status information is provided by the In
terrupt Status register in the System Control 
Register block. This register returns information 
as to which part of the WD90C31 caused an inter
rupt. 

Reading this register does not reset any inter
rupts. Resetting of each interrupt is handled inde
pendently. 

Unassigned interrupts are returned as zeroes. 

BIT FUNCTION 

15:12 0000 (Index) 

11 Interrupt 10 active 

.lJ 

8 Interrupt 7 active 

7 High when at least one 
of the interrupts 10 
through 7 is active 

6 Interrupt 6 active 

JJ 

l 1 I 
Interrupt 1 active 

a Any interrupt is active 

REGISTER ACCESS 

10.3.2 Global Port Map 

Port 23COH Index Control 
register (low byte) 

Port 23C1 H Index Control 
register (high byte) 

Port 23C2H Register Access 
Port (low byte) 

Port 23C3H Register Access 
Port (high byte) 

Port 23C4H BITBLT I/O Port 

Port 23C5H BITBLT I/O Port 

Port 23C6H Reserved 

Port 23C7H Reserved 

10.3.3 Register Block Map 

Pointer Register Access Port Accesses 

a System Control registers 

1 BITBLT registers 

2 Cursor registers 

10.3.4 Global Interrupt Map 

Interrupt Meaning 

1 VGA interrupt 

2 BITBLT interrupt 
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10.4 APPLICATION AND PROGRAMMING 
NOTES 

10.5 USE OF THE HARDWARE CURSOR IN 
16·BIT PER COLOR MODE 

The hardware cursor, while not specifically 
designed for hi-color mode operation, can still be 
used with certain limitations in that mode. 

The hardware cursor is unaware of the existence 
of hi-color mode but can still be used by specify
ing two adjacent 2-bit pixel codes for each high
color cursor pixel. A transparent hi-color pixel 
would be specified using two adjacent transparen
cy codes (1010), while a "color" hi-color pixel 
would usually be specified using adjacent primary 
and secondary color codes, such as 0100. The 
desired 16-bit cursor color would then be split be
tween the 8-bit primary and 8-bit secondary color 
registers. Inversion is also available as 1111 but 
the results might not be visually desirable. 

This limits the effective maximum cursor width in 
hi-color mode to 32 pixels. Further, the cursor 
origin and position are defined in terms of 8-bit, 
not the displayed 16-bit, pixels. Therefore, these 
values should be horizontal multiples of two. 

Secondary and auxiliary color registers may be 
used to create additional cursor colors by mixing 
cursor codes within a 16-bit pixel region. It is im
portant to keep in mind the effects of inversion in 
systems that use one bit to switch between false 
color and hi-color modes on a pixel-by-pixel basis. 

10.6 BITBL T IN VGA MODES 4, 5, AND 6 

VGA modes 4, 5 and 6 are partially supported by 
the WD90C31. Since these modes are not com
monly used in Windows, the additional hardware 
required to support the even/odd scan line offset 
technique employed in these modes is not sup
ported. 

However, a BITBLT operation in these VGA 
modes can often be broken up into two or three 
BLT operations, each of which operates on a con
tiguous area of memory. 

When the vertical offset between source and des
tination is an even number of rows, the desired 
operation can be broken into two BITBLTs, one for 
the even rows and one for the odd rows. This 

WD90C31 

requ ires carefu I consideration of the register 
parameters, especially the BITBLT Dimension Y 
register. II 
Where the offset is an odd number of rows, it may I 

still be possible to break up the operation into only . 
two BITBLTs, provided there is no overlap be-
tween the source and destination regions. This is 
because information is being swapped between 
the even and odd scan line regions. 

Where source and destination do overlap, it may 
be possible to use a scratch space in off-screen 
memory and break up the operation into three 
BITBLTs. 

Another possibility is to break up a BITBLT into a 
series of one-line high operations that can be 
referred to as Line-BLTs. In this manner, a 
BITBLT may be simulated by the driver as a series 
of Line-BLTs. 

10.7 BITBLT OPERATIONS IN TEXT MODE 

BITBLT acceleration is available in VGA Text 
Modes. Text Mode BITBLTs generally consist of 
moving only character and attribute data (in maps 
o and 1), while leaving the font data (in maps 2 
and 3) alone. The BITBLT mask is set to prevent 
update to those maps. For this reason, Planar 
(not Packed) Mode must be used. Similarly, the 
BITBLT mask can be set to move only character 
data, or only font data. 

Each display memory location consists of four 
bytes: one character, one attribute and two font 
plane bytes that are not part of the character but 
happen to fall in the same location as the charac
ter, but on maps 2 and 3. In planar mode, this is a 
space of eight pixels. Therefore, the source and 
destination of a character BLiT must be multiples 
of eight. The X dimension is the number of char
acter columns to be copied times eight but the Y 
dimension is simply the unmultiplied number of 
character rows. The row pitch is set to the CPU 
address offset between character rows times 
eight. 
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10.8 USE OF BITBLT IN 16-BIT PER COLOR 
MODE 

The BITBLT hardware can be used in 16-bit per 
color hi-color mode with a few changes and a few 
limitations. 

Hi-color BITBLTs should be performed in packed 
mode, remembering that each hi-color pixel takes 
up two adjacent normal packed pixels. The 
BITBLT Source and Destination registers should 
point to the first byte of the respective regions. 
Generally, the values in these register pairs are 
double the corresponding values for normal pack
ed mode. 

In a right-to-Ieft BITBLT in hi-color mode, the 
source and destination values must point to the 
second byte of each region. 

The BITBLT dimensions are twice the number of 
pixel columns, but the correct number of pixel 
rows. The Row Pitch register contains eight times 
the number of bytes between rows on the screen. 
Linear source and destination operate normally. 

Monochrome to color expansion or plane masking 
is not generally useable. Raster operations are 
available, but often produce undesired results. 
Similarly, color transparency is seldom useable. 

Pattern fills are available, however, the effective 
pattern is only 4X8 pixels. This may be useable 
where an 8X8 pattern is identical in the left and 
right halves. 

Filled rectangles are available in two ways. First, 
where the desired fill color is the same in the high 
and low bytes (generally meaning all black or all 
white), rectangle fill can be used normally. 

In the more general case of filling a rectangle with 
an arbitrary 16-bit color, the host should create a 
4X8 pattern of the fill color and use pattern fills to 
create the rectangle. 

Host I/O BITBLTs can operate normally be treating 
each 16-bit hi-color pixel as two adjacent, aligned 
8-bit packed mode pixels. 

Care should be used when implementing the use 
of one of the 16 bits in a hi-color pixel as a switch 
between false color and hi-color, since no mask 
exists to protect this flag bit during operations. 

REGISTER ACCESS 

10.9 USE OF BITBLT FOR ARBITRARY 
SIZED PATTERNS 

While the BITBLT hardware specifically ac
celerates axa patterns, patterns of arbitrary size 
can be accelerated by use of the BITBLT, al
though to a lesser degree. 

To copy an arbitrary size pattern to a destination 
region, the pattern should be stored in non-visible 
memory as a rectangular region, not a linear strip. 
With destination update enabled, one copy of the 
pattern should be BITBLT'ed to the top-left corner 
of the destination. The BITBLT source is then set 
to point to the pattern now in the destination 
region. 

A series of BITBLTs are then performed, each 
doubling the width of the patterned area, simply 
by adjusting the X Dimensions register. (The last 
of this series of BITBLTs just fill out the destination 
region.) 

A new series of BITBLTs is then performed, taking 
the horizontally complete pattern and doubling it in 
height each time. The destination update should 
be turned off, and the destination must be set for 
each new BITBLT. The final BITBLT will probably 
not be a double of the previous one since it just 
fills out the region. 

10.10 PATTERNS BUILT ON-SCREEN 

Normally, a pattern to be used in BITBLT is stored 
in a non-visible portion of display memory. This 
requires an aligned strip of 32 or 64 bytes to be 
available. 

When this is not available, it may still be possible 
to perform a pattern BITBLT by placing the pattern 
in the last line of the destination region. This can 
be done if the raster operation is a source copy or 
source inversion, and if the destination region can 
accommodate the specified aligned strip on a 
single line. This technique is possible because 
each row of the pattern is read at the beginning of 
the row in which it is used, and the pattern is not 
overwritten until it after it has been read for the 
last time. 

Where a full strip is unavailable, the destination 
can be broken up into a series of line-BLTs, with a 
one line pattern, requiring only 4 or a aligned 
bytes, placed on each destination line before the 
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BITBLT is started for that line. This method is sub
stantially slower than other pattern BITBLTs. 

A possible alternative is to write the pattern in a 
visible portion of memory, first saving the underly
ing area and restoring it after the BITBLT. This 
temporary usage of a visible region might be 
visible to the user. This might be reduced by 
using the last line of the destination and saving 
and restoring only those regions that overhang the 
destination. 

10.11 USE OF PATTERNS IN TEXT MODE 

Patterns may be in text mode to quickly set char
acter and/or attribute bytes in a rectangular area 
to a common value. A pattern space must be 
created containing eight consecutive copies of the 
four-byte area consisting of the character, the at
tribute and two Font Map bytes, all aligned to a 
64-pixel boundary. The BITBLT map mask is then 
used to protect the font maps. This pattern should 
be created in off-screen memory. 

If an off-screen pattern space is not available, one 
may be created on screen by loading an aligned 
group of eight character/attribute pairs within the 
destination area, then pointing to that as the pat
tern source. 

If the first character of the destination space hap
pens to be on an 8-byte boundary (such as the 
conventional top of screen) then, as long as the 
destination is at least eight characters wide, only 
the first character/attribute pair must be loaded, 
and the BITBLT operation creates its own pattern 
as it goes along. This also works if the destination 
is less than eight characters wide, but is still wider 
than it is high. 

If this is not possible, then the operation can be 
performed one character row at a time, loading 
the first character of each row to be used as an 
on-screen pattern. 

Filled rectangles have a very limited application in 
text mode, but could be used to clear out a sec
tion of a font map or to set a section of a character 
or attribute map to all zeroes or all ones. Different 
values are not easily set in this manner because, 
in order to protect the font maps, planar mode, 
rather than packed mode, must be used. 
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10.12 SUPPORT FOR KANJI CHARACTERS 

The BITBLT hardware can efficiently support 
generation of Kanji characters. The common im- II 
plementation of Kanji characters calls for a char- : 
acter box of 28X28 pixels, with five possible scor-
ing lines for each character box. 

Kanji characters are best drawn in two passes. 
The first pass draws the characters while eraSing 
any old ones. The second pass adds the score 
lines. 

The Kanji font should be stored in non-visible dis
play memory. Since the font is monochrome, mul
tiple characters can be stored one per plane, one 
under the other. The color compare registers are 
used to switch between banks of characters 
stored on different planes. 

A group of 32 special characters is generated 
along with the font, consisting of all possible com
binations of scoring lines. 

The dimension registers are loaded with the size 
of the character box. Foreground and background 
colors are set as desired. Destination update and 
quick BITBLTs are enabled. 

For each character row, the source and destina
tion registers are set to the beginning of the row, 
and monochrome expansion is enabled. A series 
of quick BITBLTs is performed, one per character, 
by loading the source address of each desired 
character. If a font-plane change is required, it is 
done before loading the source registers, which 
start the BITBLT automatically. 

After the character row is complete, the destina
tion registers are reset to the beginning of the row. 
Monochrome transparency is enabled, and a 
second pass is done over the character drawn to 
add score lines as needed, one special score-line 
character per Kanji character. 

Where a Kanji character requires no score lines, 
either a BITBLT of a special "blank" score-line 
character is performed, or the destination 
registers may be updated to skip the position. 
The driver may add additional intelligence to skip 
entire character rows or parts where score lines 
are not required. 
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11.0 EGA MODE 
11.1 EGA MODE ENTRY 

For the register definitions that have not changed 
from the VGA modes, refer to the VGA descrip
tion. Only the differences between the VGA and 
EGA registers are briefly described in this section. 
Also, refer to section 7 for VGA mode details. Not 
Used bits should be set to 0 unless otherwise 
noted. 

A general procedure to enter EGA mode of opera
tion is described. The actual software implemen
tation details are not covered in this procedure. 
These steps are briefly defined to outline the EGA 
mode entry. 

• Load Configuration register Bit 8. Select 
logic 0 for a VGA-compatible PS/2 
display or logic 1 for an EGA-compatible 
TTL monitor by using the appropriate 
pull-up or pull-down resistor on MD(11). 
(A pull-up resistor on MD11 causes 
CNF(8) to be latched with logic 0 for 
analog PS/2 compatible displays.) This 
status information signifies the type of 
monitor attached to the system and is 
available to the BIOS or application. 

• Unlock all the PR registers. 

• Program PR2(6) to 0 for EGA mode. 

• Set PR4 Bit 1 to logic 1 for EGA 
compatibil ity. 

• Load PR11 (7:4) with EGA Configuration 
switches by using pull-up or pull-down 
resistors on Pins MD(1S:12). (A pull-up 
resistor causes logic 1 to be latched after 
power-on-reset.) 

• The EGA switch setting may then be 
read from PR11(7:4) at I/O Port 3C2H Bit 
4. 

EGA MODE 

• If EGA mode is to be emulated on an 
IBM PS/2 analog display, follow the 
suggested steps listed below: 
Initialize all the registers. 
Lock CRT controller registers. 
Force clock control rate of the CRT 
controller. 

o Set EGA emulation mode by 
programming: 
PR11 (3)=1; Set EGA emulation on PS/2 
type display 
PR14(6)=1; Vertical double scan 
PR11 (2)=1; Lock clock select 
PR11 (0)=1; Lock 8/9 dottiming. 
PR14(7)=1; Enable IRQ (optional). 

o Lock the PR registers PRO through PRS 
and PR10 through PR17. 

o Read protect PR registers. 

• When EGA is required on a TTL monitor, 
the suggested steps are: 

o Initialize all the registers. 

o Set EGA TTL mode by programming: 
PR11 (3)=0; EGA TTL 
PR14(7)=1; Enable IRQ 
PR1S(6)=1; Set Low Clock 
PR14(7)=1; Enable IRQ 

o Lock PR registers PRO through PRS 
and PR10 through PR17. 

o Read protect PR registers. 

For more details on the PR registers, refer to the 
PR registers section 7.7. The EGA register sum
mary shown on the next page highlight all the 
EGA mode registers. 
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REGISTERS EGA I/O PORT 
HEX 

General Registers: 
Miscellaneous Output Register WO 3C2 
Input Status Register 0 RO 3C2 • Input Status Register 1 RO 3?A 
Feature Control Register WO 3?A 

Sequencer Registers: 
Sequencer Index Register WO 3C4 
Sequencer Data Register WO 3C5 

CRT Controller Registers: 
Index Register WO 3?4 

CRT Controller Data Register, except the following: WO 3?5 
Start Address High (Index=OCH) RW 3?5 
Start Address Low (Index=ODH) RW 3?5 
Cursor Location High (Index=OEH) RW 3?5 
Cursor Location Low (Index=OFH) RW 3?5 
Light Pen High, (Index=10H) R 3?5 
Light Pen Low, (Index= 11 H) R 3?5 

Graphics Controller Registers: 
Index Register WO 3CE 
Other Graphics Register WO 3CF 

Attribute Controller Registers: 
Index Register WO 3CO· 
Attribute Controller Data Register WO 3CO· 

NOTES: 
1. RO = Read Only, WO = Write Only, and RW = Read/Write. 
2. All Register addresses are in hex. 
3. ? = "8" in Monochrome modes or "D" in Color modes. 
4. • = Identical responses from I/O Ports 3COH and 3C1 H. 

TABLE 11-1. EGA REGISTERS SUMMARY 
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11.2 GENERAL REGISTERS 

Only the general registers and the bit definitions 
that differ between the VGA and EGA are 
described. Their EGA mode bit definitions are 
provided. 

11.2.1 Miscellaneous Output Register, Write 
Port = 3C2H 

Bits (7:5) - EGA. 

Same as Miscellaneous Output Register Bits (7:5) 
defined in the VGA section 7.1.1. 

Bit 4 

Reserved 

Bits (3:2) - EGA, Clock Select 2:0. 

00 = 14.318 Mhz clock (VCLKO) is selected. 

01 = 16.257 Mhz clock (VCLK1) is selected if 
Configuration Register Bit 3 is O. 

10 = External User Defined Clock (VCLK2) 
from the feature connector is selected if 
Configuration Register Bit 3 is O. 

11 = Reserved. VCLK2 selected if Configura
tion Register Bit 3 is O. 

Bit 1 

Reserved 

Bit 0 - EGA, CRT Controller 1/0 Address 
Range Selection 

Same as Miscellaneous Output Register Bit 0 
defined in the VGA section 7.1.1. 

11.2.2 Input Status Register 0, Read 
Port = 3C2H 

Bit 7 - EGA, CRT Vertical Retrace 
Interrupt Pending Or Cleared. 

Same as input Status Register 0, Bit 7 defined in 
the VGA section 7.1.2. 

Bits (6:5) 

Reserved 

EGA MODE 

Bit 4 - EGA. 

The four configuration switches' information stored 
in PR11 can be read at this bit if PR4(1) has been 
set to 1. 

Bits (3:0) - EGA. 

Reserved, must be set to 1. 

11.2.3 Input Status Register 1, 
Read Port = 31 AH 

Bit 7 - EGA. 
Reserved 

Bit 6 - EGA. 

Reserved, must be set to 1. 

Bits (5:3) - EGA. 

Same as Input Status Register 1 Bits (5:3) defined 
in the VGA section 7.1.3. 

Bit 2 - EGA. 

Reserved, must be set to 1. 

Bit 1 - EGA. 

Reserved 

Bit 0 - EGA, Display Enable Status. 

Same as Input Status Register 1 Bit 0 defined in 
the VGA section 7.1.3. 

11.2.4 Feature Control Register, Write 
Port = 31AH 

Bits (7:0) - EGA. 

Reserved 
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11.3 SEQUENCER REGISTERS, 
PORT=3C5H 

11.3.1 Clocking Mode Register, Read/Write 
Index = 01H 

Bits (7:4) - EGA. 

Reserved 

Bits (3:2) - EGA. 

Same as Clocking Mode Register Bits (3:2) 
defined in the VGA section 7.2.3. 

Bit 1 - EGA. 

Reserved, must be set to O. 

Bit 0 - EGA, 8/9 Dot Clock. 

Same as Clocking Mode Register Bit 0 defined in 
the VGA section 7.2.3. 

11.3.2 Character Map Select Register, 
Read/Write Index = 03H 

Bits (7:4) - EGA. 

Reserved 

Bits (3:2) - EGA, Character Map Select A. 

Map Font 
Selected Table/Plane 

2 Location 

00 0 1st 8 KByte 

01 2nd 8 KByte 

10 2 3rd 8 KByte 

11 3 4th 8 KByte 

WD90C31 

Bits (1 :0) - EGA, Character Map Select B. 

Map Font 
Selected Table/Plane 

2 Location 

00 0 1st 8 KByte 

01 1 2nd 8 KByte 

10 2 3rd 8 KByte 

11 3 4th 8 KByte 

NOTE 

Character Map selection from Plane 2 is 
determined by Bit 3 of the attribute code. 

11.3.3 Memory Mode Register, Read/Wrte 
Index = 04H 

Bits (7:3) EGA. 
Reserved 

Bits (2:1) - EGA. 

Same as Memory Mode Register Bits (2:1) 
defined in the VGA section 7.2.6. 

Bit 0 - EGA, Alpha Mode. 

o = Disables Alpha modes and enables non
Alpha modes. 

1 = Alpha mode is active and character map 
selection is enabled. 
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11.4 CRT CONTROLLER REGISTERS, 
READIWRITE PORT = 3?SH 

Only the CRT Controller registers and the bit 
definitions that differ between the VGA and EGA 
are described. For similar registers and identical 
bits within registers refer to the VGA section 7.3. 
Also, "?" implies that a register is mapped into 
either 3B5H for Monochrome or 3D5H for Color 
display modes. 

11.4.1 Index Register, Port = 3?4H 

Bits (7:5) - EGA. 
Reserved 

Bits (4:0) - EGA. 

These five bits point to the CRT Registers Ad
dress Index where the data is to be written. 

11.4.2 Horizontal Total Register, 
Index =OOH 

EGA MODE 

Bits (4:0) - EGA, End Horizontal Blanking. 

These five bits of the character count determine 
when the horizontal blanking ends. 

11.4.4 End Horizontal Retrace Register, 
Index = OSH 

Bit 7 - EGA. 

This bit defines the start of the odd or even CRT 
counter memory address following the horizontal 
retrace time. 

o = Even Address. 

1 = Odd Address. 

Bits (6:0) - EGA. 

Same as End Horizontal Retrace Registers Bits . 
(6:0) defined in VGA section 7.3.7. 

11.4.S Vertical Total Register, Index = OSH 

Bits (7:0) - EGA, Number Of Characters To Bits (7:0) _ EGA. 
Be Displayed Per Horizontal Line. 

Eight bits of value for the "Total Character Count 
Less 2" are loaded into this register. They define 
number of characters to be displayed per horizon
tal line. 

11.4.3 End Horizontal Blanking Register, 
Index = 03H 

Bit 7 - EGA. 
Reserved 

Bits (6:S) - EGA, Display Enable Skew. 

These bits define display enable skew in charac
ter clocks. 

00 = 0 Skew 

01 = 1 Skew 

10 = 2 Skew 

11 = 3 Skew 

This register contains the least significant eight 
bits of the CRT vertical frame time in scan lines 
including the vertical retrace. 

11.4.S CRT Controller Overflow Register, 
Index = OSH 

Bits (7:S) - EGA. 
Reserved 

Bits (4:0) - EGA. 

Same as CRT Controller Overflow Register Bits 
(4:0) definitions in the VGAsection 7.3.9. 

18-120 ADVANCE INFORMATION 11/25/91 



EGA MODE 

11.4.7 Maximum Scan Line Register, 
Index = 09H 

Bits (7:5) - EGA. 
Reserved 

Bits (4:0) - EGA, Maximum Scan Line. 

Same as Maximum Scan Line Register Bits (4:0) 
defined in the VGA section 7.3.11. 

11.4.8 Cursor Start Register, Index = OAH 

Bits (7:5) - EGA 

Reserved 

Bits (4:0) - EGA, Cursor Start Scan Line. 

Same as Cursor Start Register Bits (4:0) defined 
in the VGA section 7.3.12. 

11.4.9 Cursor End Register, Index = OBH 

Bit 7 - EGA. 

Reserved 

Bits (6:5) - EGA, Cursor Skew Bits. 

These bits define cursor signal skew in character 
clocks. 

00 = 0 Skew 

01 = 1 Skew 

10 = 2 Skew 

11 = 3 Skew 

Bits (4:0) - EGA, Cursor End Scan Line. 

These bits specify the Cursor End value of the last 
row scan address counter. The programmed 
value is equal to N+ 1 where N is the last row of 
the Cursor to be displayed. 

WD90C31 

11.4.10 Vertical Retrace Start Register, Write 
Index = 10H 

(Light Pen High register, Index = 10H - Read) 

Bits (7:0) - EGA. 

Lower eight bits of the vertical retrace start posi
tion programmed in horizontal scan lines. 

11.4.11 Vertical Retrace End Register, Write 
Index = 11H 

(Light Pen Low register, Index = 11 H - Read) 

Bits (7:6) - EGA. 
Reserved 

Bit 5 - EGA, IRQ Output Buffer. 

o = The IRQ output buffer control is enabled. 
The IRQ latch within the CRT controller 
determines the logic state of the IRQ out
put signal. 

1 = The IRQ output buffer is switched to a 
high impedance state. 

Bit 4 - EGA, IRQ Latch. 

o = The IRQ latch is reset and cleared to 0 if 
Bit 5 = O. 

1 = The IRQ latch gets set at the end of the 
vertical display. 

Bits (3:0) - EGA, Vertical Retrace End. 

Same as Vertical Retrace End Register Bits (3:0) 
defined in the VGA section 7.3.19. 

11.4.12 Underline Location Register, 
Index = 14H 

Bits (7:5) - EGA. 
Reserved 

Bits (4:0) - EGA, Underline Location. 

These bit determine the Horizontal Scan .Row 
where the underline will be displayed. The value 
programmed is one less than the scan line 
desired. 
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11.4.13 End Vertical Blanking Register, 
Index = 16H 

Bits (7:S) • EGA. 

Reserved 

Bits (4:0) • EGA, End Vertical Blanking. 

Same as End Vertical Blanking Register Bits (4:0) 
defined in the VGA section 7.3.24. 

11.4.14 Mode Control Register, 
Index = 17H 

Bits (7:5) • EGA. 

Same as CRT Mode Control Register Bits (7:5) 
defined in the VGA section 7.3.25. 

Bit 4· EGA. 
Reserved 

Bits (3:0) • EGA. 

Same as Mode Control Register Bits (3:0) 
defined in the VGA section 7.3.25. 

11.S GRAPHICS CONTROLLER REGISTERS, 
PORT=3CFH 

11.S.1 Read Map Select Register, Read/Write 
Index = 04H 

Bits (7:3) • EGA. 

Reserved 

Bits (2:0) • EGA, Map Select. 

These bits represent the encoded value of the 
memory plane selected. 

000 = Map 0 selected. 

001 = Map 1 selected. 

010 = Map 2 selected. 

011 = Map 3 selected. 

EGA MODE 

11.5.2 Mode Register, Index = OSH 

Bit (7:6) • EGA. 

Reserved 

Bits (S:2) • EGA. 

Same as Graphics Mode Register Bits (5:2) 
defined in the VGA section 7.4.7. 

Bits (1 :0) • EGA, Write Mode. 

These bits select the Write Mode. 

00 = Write mode 0 - Refer to VGA Table 7.6. 

01 = Write mode 1 - Refer to VGA Table 7.6. 

10 = Write mode 2 - Refer to VGA Table 7.6. 

11 = Write mode 3 - Not Legal. Selects write 
mode 1. 

11.6 ATIRIBUTE CONTROLLER REGISTERS, 
PORTS = 3COH/3C1 H 

11.6.1 Palette Registers, Read Port = 3C1H, 
Write Port = 3COH, Index = OOH • OFH 

Bits (7:6) • EGA. 

Reserved 

Bits (S:O) • EGA, Dynamic color selection. 

Dynamic color selection. Logic 0 = Color 
deselection, and Logic 1 = color selection. 

BITS COLOR PIXEL 

5 Sec. Red VID5 

4 Sec Green/lnten VID4 

3 Sec Blue/Mono VID3 

2 Red VID2 

1 Green VID 1 

0 Blue VID 0 
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11.6.2 Attribute Mode Control Register, 
Read Port = 3C1 H, Write Port = 3COH, 
Index = 10H 

Bits (7:4) - EGA. 

Reserved 

Bits (3:0) - EGA. 

Same as Mode Control Register Bits (3:0) defined 
in the VGA section 7.5.3. 

11.6.3 Overscan Color Register, Read 
Port = 3C1H, Write Port = 3COH, 
Index = 11H 

Bits (7:6) - EGA. 

Reserved 

Bits (5:0) - EGA, Overscan Color For Border 

For a monochrome display, Bits 5:0 = O. 
The border color is defined by the color table for 
the Palette registers shown in section 12.6.1. 

11.6.4 Color Plane Enable Register, Read 
Port = 3C1 H, Write Port = 3COH, 
Index = 12H 

BIT FUNCTION 

7:6 Same as Color Plane 
Enable - VGA (Reserved) 

5:4 Video Status Multiplexer 

3:0 Same as Color Plane 
Enable - VGA 

Bits (7:6) - EGA 

Same as Color Plane Enable Register Bits (7:6) in 
the VGA section 7.5.5 (Reserved). 

Bits (5:4) - EGA, Video Status Multiplexer. 

These bits select two out of six colors which can 
be read by the Input Status Register 1 (Video 
Status Multiplexer) at Port 3?AH, Bits 5 and 4. 

WD90C31 

COLOR INPUT 
PLANE STATUS 

REGISTER 1 

BIT5 BIT4 BIT5 BIT4 

0 0 VID 2 VID 0 
(Red) (Blue) 

0 1 VID 5 VID4 
(SRed) (SGreen) 

1 0 VID 3 VID 1 
(SBlue) (Green) 

1 1 VID5 VID4 
(SRed) (SGreen) 

Bits (3:0) - EGA 

Same as Color Plane Enable Register Bits (3:0) 
defined in the VGA section 7.5.5. 

11.6.5 Horizontal PEL Panning Register, 
Read Port = 3C1 H, Write Port = 3COH, 
Index = 13H 

BIT 

7:4 

3:0 

Bits (7:4) - EGA 

Reserved 

FUNCTION 

Reserved. 

Horizontal left shift of 
the video data in num-
ber of pixels. 

Bits (3:0) - EGA, Horizontal Pixel Panning. 

These four bits determine the horizontal left shift 
of the video data in number of pixels. In 
monochrome alphanumeric modes, (nine 
dots/character) image can be shifted by nine 
pixels. For all other graphics or alphanumeric 
modes, a maximum left shift of eight pixels is per
mitted. Refer to the left shift pixel table of the 
Horizontal PEL Panning Register Bits (3:0) 
described in the VGA section 7.5.6 .. 
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12.0 WD90C31 INTERFACES 
The WD90C31 applications section is divided into 
various interfaces: processor (AT or Micro Chan
nel mode), video memory, RAMDAC, monitor, and 
clock. The description and block diagrams are 
generic. No attempt is made to present schematic 
level details. Currently available application notes 

WD90C31 INTERFACES 

and technical briefs at the end of this document 
will supplement the information provided in this 
section. 

Figure 12-1 highlights the WD90C31 interfaces. 

WD90C31 

ALE CONFIGURATION INTERFACE 
EMEM 
EIO 
SO_ MA8/RAS1 

MilO MA[7:0] 

CMD MD[31:0] 

S1 WEO 

EDBUFL WE1 
1. 256K DRAM INTERFACE 1. 8·Brr PCIAT wrrH 

EDBUFH WE2 
8·BIT BIOS 2. 512K DRAM INTERFACE 

2. 16·Brr PC/AT WITH EABUF WE3 3. 1 M DRAM INTERFACE 
8·BIT BIOS BHE RAS2 

3. 16-Brr PC/AT WITH DA[15:0] RAS3 

16-BIT BIOS A[23:17] CAS 

4. PC/AT VGA ROM BIOS A[16] OE 
PAGE MAPPING IRQ RAS 

RDY 
DIR 
RESET 
EBROM MDET 
IOCS16 EXVID 
ROM16 EXPCLK 

VID[7:0] 1. RAMDAC INTERFACE 
PCLK 2. MONITOR DETECT INTERFACE 

BLANK 3. AUXILIARY VIDEO CONNECTOR 
1. CLOCK INTERFACE 

MCLK 
HSYNC 4. FEATURE CONNECTOR 

WITH INTERNAL MUX VSYNC 
2. EXTERNAL MUX 8:1 VCLKO RPLT 
3. EXTERNAL MUX 4:1 VCLK1 

WPLT 
VCLK2 

FIGURE 12-1. WD90C31 INTERFACES 
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WD90C31 INTERFACES WD90C31 

12.1 a-BIT PC AT INTERFACE WITH a-BIT eight-bit BIOS. The system data bus SO(7:0) and 
BIOS address bus SA(19:0) are shown along with as-

Figure 12-2 shows a block diagram of the sociated buffers and BIOS ROM. II. 
W090C31 with eight-bit PC/AT interface using 

SA16 
A [23:0] 

SA [15:0] 

SO [7:0] 

RESET 

AEN 
REFRESH 

SMEMW 
SMEMR 

SIOR 
SlOW 

IRQ 

27256-15 

A [14:0] D [7:0] ~ 
WD90C31 

OE CE 

I I EBROM 
DA [15:0] 
A16 
A [23:17] 

244 

-[>-
I --

EABUF 

245 

G~R 
I DIR 

EDBUFL 

RSET 
EIO 
EMEM 
MWR 
MRD 
lOR 
lOW 
IRQ 

5V ALE 

FIGURE 12-2. a-BIT PC AT INTERFACE WITH a-BIT BIOS 
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12.2 16-BIT PC AT INTERFACE WITH 8-BIT 
BIOS 

Figure 12-3 illustrates 16-bit PC/AT interface with 
an eight-bit BIOS using W090C31. For 386 sys-

SA16 

LA [23:17] 

SA [15:0] 

A [14:0] 

OE 

I 

245 -

27256-15 

244 

-1>-
G 
I 

245 

WD90C31 INTERFACES 

terns, the processor data bus SO(15:0), and the 
system address bus SA(19:0) are shown. As
sociated address and data bus buffers and BIOS 
ROM are also shown. 

o [7:0] 
WD90C31 

CE 
I EBROM 

DA [15:0] 
A16 
A [23:17] 

EABUF 

SD [7:0] 

SD [15:8] G~R 

RESET 

AEN 
REFRESH 

SMEMW 
SMEMR 

SIOR 
SlOW 

IRQ 
SBHE 

MEMCS16 
IOCS16 

ALE 

18-126 

I 
11 OIR 

EOBUFH 

EOBUFL 

RSET 
EIO 
EMEM 
MWR 
MRO 
lOR 
lOW 
IRQ 
BHE 
MEMCS16 
IOCS16 
ALE 

FIGURE 12-3. 16-BIT PC AT INTERFACE WITH 8-BIT BIOS 
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12.3 16-BIT PC AT INTERFACE WITH 16-BIT 
BIOS 

Figure 12-4 describes a 16-bit PC/AT interface 
with 16-bit BIOS ROM implementation using the 
W090C31. The system data bus SO(15:0), ad-

27256-15 27256-15 

A [14:0) o [7:0) ~ A [14:0) 

OE CE OE 

I I 

SA16 
LA [23:17] 

244 

WD90C31 

dress and data bus buffers are presented. Also, 
MEMCS16 implementation is limited to certain 
bus speeds since SA 15 and SA 16 are used for III 
the 16-bit BIOS. Refer to Figure 12-6 for 286- : 
based systems. 

o [7:0) - WD90C31 

CE 
1 EBROM 

OA [15:0] 
A16 
A [23:17] 

SA [15:0] -{>-
G 

--
245 EABUF - 245 

SO [7:0] 

G~R SO [15:8] 

II ,---
DIR 
--

..f(- SA15 ROM16 

~ 
II r [ 

EDBUFL 
II --

RESET 
EDBUFH 

- RSET 
AEN EIO 

REFRESH EMEM 
SMEMW MWR 
SMEMR MRD 

SIOR lOR 
SlOW lOW 

IRQ IRQ 
SBHE BHE 

'-- MEMCS16 MEMCS16 
IOCS16 fOCS16 

FIGURE 12-4. 16-BIT PC AT INTERFACE WITH 16-BIT BIOS 
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12.4 16-81T MICRO CHANNEL 

Figure 12-5 illustrates the W090C31 and 16-bit 
Micro Channel interface. 3C3.00 is output of Port 
3C3H Bit 0 VGA Subsystem Enable Register. 

SA16 
SA [23:17] 

244 

SA [15:0] -[>-
G 
I 

245 - 245 

SO [7:0] 

G~R SO [15:8] 

I 
I L 

RESET 
3C300 

SO 
M/iO 

S1 
-
CMO 
IRQ 

SBHE 
COOS16 

COSETUP 
5V 

WD90C31 INTERFACES 

WD90C31 

A16 
A [23:17] 
DA [15:0] 

--
EABUF 

DIR 

EDBUFH 

EDBUFL 

RSET 
EIO 

MWR 
MRD 
lOR 
lOW 
IRQ 
BHE 
MEMCS16 
IOCS16 
ALE 

FIGURE 12-5. 16-81T MICRO CHANNEL INTERFACE 
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WD90C31 INTERFACES WD90C31 

12.5 WD90C31 INTERFACE FOR 286 OR 386 
BASED SYSTEMS 

ses and SA addresses as shown in the upper half 
of Figure 12-6. This applies to most 286 sys-

For systems that do not meet the hold time of LA 
address valid from the falling edge of MEMR or 
MEMW, pull MD8 down and connect LA add res-

tems. Otherwise, connect LA addresses and SA II 
addresses as shown in the lower half of Figure : 
12-6. This applies to most 386 systems. 

LA23 
LA22 
LA21 
LA20 

SA [15:0] 

+5V 

~ 

\,.. 

LA19/SA19 

LA1B/SA1B 

LA17/SA17 

SA [19:0] 

244 

WD90C31 

ALE 
MOB 

A23 (CNF_ll) 

A22 

A21 

A20 

A [19:0] 

OA [15:0] 

EABUF 

Extern al 
wn pull do 

~ 

Note: MOB (CNF _11 is pulled down at power·on·reset. This configuration is recommended 
for interfacing with B·bit and 16·bit AT buses. For an B-bit interface. A23 should be 
connected to SA [19:17] on the AT bus. For a 16-bit interface, LA [23:17] must be 
connected to generate MEMCSl6. 

ALE 

LA [23:17] 

SA16 

SA [15:0] 244 

WD90C31 

ALE 

A [23:17] MOB 
(CNF_ll) 

A16 

OA [15:0] 

EABUF 

+5V 

> <; 

Intern al 
p pull u 

Note: MOB (CNF _11) is pulled up internally at power-on-reset. This configuration is recommended 
for interface with a 16-bit AT bus only. LA {23:17] is internally latched by ALE. 

FIGURE 12·6. WD90C31 INTERFACE FOR 286 OR 386·BASED SYSTEMS 
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WD90C31 INTERFACES 

I 
-
WEO 

MD [7:0] 

256K by 4 

-WD90C31 
~ 

-
OE I 
-
WE1 

256K by 4 
MD [15:8] 

-
~ 

-------------------------------

MA [8:0] 

I 
- : 
WE2 : 

256K by 4 

MD [23:16] 

~ 

I 

- : 
RAS 256K by 4 
-
CAS -
WE3 : 

MD [31 :24] 

Optional 

Note: Only MD [15:0] will be used if four 25K by 4 
DRAMs are installed. 

FIGURE 12·8. FOUR OR EIGHT 256K BY 4 DRAM INTERFACE 
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WD90C31 WD90C31 INTERFACES 

12.6 WD90C31 WITH RAMDAC INTERFACE 
Figure 12-9 illustrates the WD90C31 and RAM
DAC (WD90C50) interface block diagram for 
analog monitors, 

WD90C31 

-----I D [7:0) 
___ --I RSO 

SD [7:0) 

SAO 

SAl -----I RSl 
WPLT t---------_I WR 
-
RPLT 1-----------1 RD 

+SVt 
'--_---<t--I vcc 

RAMDAC +t r----=R~--'---'--I VREF 
AA'l r--f--IV\f'v---,.----! FSADJ 

R2~~, + RSET 

GND 

L....--'--_____ --I MDET 

PCLK 1-----------1 PCLK 

VID [7:0) P [7:0) 

BLANK t----------I BLANK 

I-----l-T-I R 

~ 
~ .. 

t---T---T-t-i G 

L----.J-1ll-r--r1 B 

~ 
~ ... 

CRT 

HSYNC 1-------------------+_-+--+-1 HSYNC 

VSYNC VSYNC 

18-132 

R ~------------------+_-+-~ 
GI----------------------------------~--+-~ 
B 

FIGURE 12-9. WD90C31 WITH RAMDAC.INTERFACE 
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12.7 WD90C31 AND TIL MONITOR 
CONNECTIONS 

Figure 12-10 illustrates the WD90C31 and TTL 
monitor connections 

NOTE: 

• VGAlTTL switch may be used to disable 
HSYNC and VSYNC for analog or TTL 
Video connector. 

WD90C31 

WD90C31 

• MD(1S:12) may also be connected as the 
EGA switches if desired. See PR Register 
and Pinout sections for more detail. 

• For AT applications using the WD90C31, 
install the IRQ9 resistor. 

• Transistor 2N2222A is used to emulate a 
monochrome and color display connection. 

IRa .----------.~ IR09 

HSYNC 1-__ -._, 

VSYNC 1---..... 

VID(5) 1-__ .... . 
VID(4) 1-__ .... , 
VID(3) 1---.... . 
VID(2) 1-__ .... . 
VID(1) 1---.... , 
VID(O) 1-__ .... . 

LS175 

DA7 --. 4 D 4 a 1-----1 

DAO --. 3 D 3 a 1------1 

DA3 --. 2 D 2 a 1-----, 

DA2 --. 1 D 1 a 

= 

TO VIDEO 
CONNECTOR 

8 HSYNC 
9 VSYNC 

2 SEC RED 
6 SEC GREEN/INTENS 
7 SEC BLUEIVIDEO 
3 RED 
4 GREEN 
5 BLUE 
1 GROUND 

VCLK1 VGAlTTL 
IRESET ____ --' 

151 

A B 
~D7 36 MHZ D6 

28.322 MHZ =t§ D5 
25.175 MHZ D4 

D3 
D2 

16.257 MHZ • D1 
OCS • DO 

C 

VGAlTTL----' 

y 
tN 

VCLKO 

FIGURE 12-10. WD90C31 AND TIL MONITOR CONNECTIONS 
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12.8 CLOCK INTERFACE 

Figure 12-11 illustrates the WD90C31 with exter
nal oscillators at the clock pins configured as in
puts. The clock selection is determined by 
register 3C2H Bit 3 and Bit 2 and is described by 
the table below: 

3C2H 3C2H CLOCK 
BIT3 BIT 2 SELECTION 

0 0 VCLKO 

0 1 VCLK1 

1 X VCLK2 

VCLKO --AJt.A 
MCLK -4A 

" VCLK1 

VCLK2 

USRO 

WD90C31 

WD90C31 INTERFACES 

The Configuration register Bit 3 (MD3) should be 
tied low to make the WD90C31 signal pins 
(VCLK1, VCLK2) inputs. 

VCLK 

MCLK 

SELE 

VSEL2 VSELO 

VSEL3 VSEL1 

ICS90C63 

-
-

BD2 

BD3 

FIGURE 12-11. CLOCK INTERFACE 
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SHADOW REGISTER IMPLEMENTATION WD90C31 

13.0 SHADOW REGISTER IMPLEMENTATION 
The Shadow Register has been implemented on 
some of the CRTC registers. The purpose of using 
the shadow register is to have one CRTC register 

. that is writable and readable all the time by ap
plication programs without actually changing 

Registers are added to the following CRTC • 
registers. The shadowed registers can be locked • 
by writing "XXXXX101" to PR1A(3?5.3D). This • 
lock overrides any other locks. Then by setting . 
PR 1 A Bit 3 = 1, this will select the shadow register 

CRTC timing. The actual CRTC timing registers 
are initialized and locked while using the shadow 
register for compatibility. 

for read. 

HORIZONTAL TIMING 

ADDRESS BITS LOCK DESCRIPTION 

3?5.00 7:0 Group 0 Horizontal Total 
3?5.02 7:0 Group 0 Start Horizontal Blanking 
3?5.03 4:0 Group 0 End Horizontal Blanking 
3?5.05 7 Group 0 Bit 6 of EHB 
3?5.04 7:0 Group 0 Start Horizontal Retrace 
3?5.05 4:0 Group 0 End Horizontal Retrace 
3?5.03 6:5 Group 0 Display Enable Skew 
3?5.05 6:5 Group 0 Horizontal Retrace Skew 

VERTICAL TIMING 

ADDRESS BITS LOCK DESCRIPTION 

3?5.06 7:0 Group 2 Vertical Total 
3?5.07 5,0 Group 2 Bits 9, 80fVT 
3?5.10 7:0 Group 3 Vertical Retrace Start 
3?5.07 7,2 Group 2 Bits 9, 8 of VRS 
3?5.11 3:0 Group 3 Vertical Retrace Start 
3?5.15 7:0 Group 3 Start Vertical Blank 
3?5.07 3 Group 2 Bit 8 of SVB 
3?5.09 5 Group 2 Bit 9 of SVB 
3?5.16 7:0 Group 3 End Vertical Blank 

Note: 
Group 0: Registers will be locked if PR3(5) = 1 or 3?5.11 bit 7 = 1 
Group 2: Registers will be locked if PR3(0) = 1 or 3?5.11 bit 7 = 1 
Group 3: Registers will be locked if PR3(0) = 1 
Group 0,2,3 registers listed above will be locked if PR1A = "xxxxx101", regardless ofthe contents of 
PR3. 
The Horizontal Display End and the Vertical Display End registers are not shadowed. 

TABLE 13-1. SHADOW REGISTER IMPLEMENTATION 
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14.0 SIGNATURE ANALYZER 
A signature analyzer was designed for use in the 
W090C31. The primary purpose of the signature 
analyzer is to aid in IC test and board level test. 
The signature analyzer allows the video output 
path to be included in diagnostics. Signature 
analysis is a method of compressing large 
amounts of data to be compared. Each video 
frame (video data and mode dependent) has a 
unique signature capable of detecting single bit 
errors. 

14.1 DESCRIPTION 

The basis of the signature analyzer is a Linear 
Feedback Shift Register (LFSR). The inputs to the 
LFSR tap onto the VIO[O:?] output of the IC. The 
signal path of the video outputs is not modified by 
adding the signature analyzer. A block diagram is 
shown below. The primary variables in designing 
a signature analyzer are length of the shift register 
and the feedback terms to be used. The length 
wi" affect the probability of masking an error. The 
chance of masking an error is approximately 1/2n, 
where n is the length of the shift register. A 16-bit 
signature register is used on the W090C31. 
Selection of an optimal feedback polynomial will 
depend on the type of errors expected. The CRC
CCITT polynomial (x16 + x12 + x5 +1) has been 
implemented on the W090C31. It was modified 
for multiple inputs as shown in the block diagram. 

14.2 OPERATION 

The signature analyzer was designed to collect 
signature of the VIO[O:?] outputs over one vertical 
frame. The signal path of the VIO[O:?] has not 
been altered. The signature analyzer register 
(LFSR) is enabled at the falling edge of the inter
nal VSYNC (before polarity selection) if the start 
bit is high. The following rising edge of the 
VSYNC signal will disable the LFSR. In the case 
of interlaced operation, signature is collected from 
the beginning of the even field to the end of the 
odd field. The signature analyzer contains a 4-bit 
control register PR19 (address 3?5.3F). Power
up-reset clears this register to OOH. This register 
has both read and write locks. The read lock 
originates from PR10 Bits? and 3. The write lock 
originates from PR10 Bits 2 through O. PR10 also 
serves as the lock for other registers. 

SIGNATURE ANAL YZER 

I ~ 
c: 

FIGURE 14-1. LINEAR FEEDBACK SHIFT 
REGISTER 
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SIGNATURE ANAL YZER WD90C31 

BIT FUNCTION READ/WRITE DESCRIPTION 

0 Start/status RIW Writing "1" to this bit position enables the signa-
ture analyzer to collect a signature at the falling 
edge of the next vertical sync pulse. This bit may 
be read to check status if the read lock is disabled. 
1: Busy 
0: Finished or not enabled 

1 Clear RIW Writing "0" to this bit position pre loads the LFSR 
with 0001 H. This bit must be set to operate the sig-
naure analyzer. 
1: Normal operation 
0: Preload LFSR 

2 Disable Video RIW This bit is used in a self-test mode. A fixed signa-
input ture will be generated for any given mode (inde-

pendent of video memory data). 
1: Disable video inputs 
0: Enable video inputs 

3 Lock Read Port RIW This bit must be set in order to read the signature 
and status. 
1: Enable read of LFSR (addresses 3?5.20 and 

3?5.21). 
0: Disable reads of LFSR 

TABLE 14-1. CONTROL REGISTER PR19 

The following programming steps highlight the sequence that will setup, check, and read the signature. 

Step 1) 85H-> 3?5.29; release control register (PR10) read and write lock 

Step 2) OOH-> 3?5.3F; clear signaure analyzer 

Step 3) 03H-> 3?5.3F;enable signature analyzer to collect signature 

Step 4) read 3?5.3F; check status for busy 
if LSB = 1 repeat step 4 
if LSB = 0 signature is collected, proceed to step 5 

Step 5) OAH-> 3?5.3F; enable signature analyzer read port 

Step 6) read 3?5.20; read low byte of signature 

Step 7) read 3?5.21; read high byte of signature 

Step 8) OOH-> 3?5.3F; clear signaure analyzer and lock read port. 
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15.0 1/0 MAPPING 
15.1 INTRODUCTION 

The 1/0 Mapping was designed for use in the 
WD90C31 to isolate board level solder defects. 
The 1/0 Mapping allows the IC to enter a test 
mode where all of pins in the IC are divided into 
various groups as inputs and output. The path 
from PCB trace through inputs, IC. output and 
PCB trace can be treated as a simple path. With 
test points on board, test for opens and shorts can 
be performed quickly. 

15.2 TEST MODE 

There are four requirements to meet for the 
WD90C31 to enter the 1/0 mapping test mode. 

• MWRisLOW 

• lOR is.LOW 

• CONFIGURATION SWITCH 2 is H!GH 
(MD2 is pulled high) 

• RESET is HIGH 

I/O MAPPING 

If both MWR and lOR are low at the same time, it 
becomes an illegal condition in AT machines and 
a reserved condition in the PS/2 machines. Con
figuration switch 2 high will ensure that WD90C31 
is in AT mode. Reset controls a transparent latch 
as shown in Figure 15-1. Reset can be dopped 
low to latch the test mode. All the bidirectional 
pins are forced to input mode when in the test 
mode. 

15.3 PIN GROUPINGS 

The following pin groupings are done to minimize 
routing overhead of 1/0 pin mapping. Multiple 
input pins in a row are ORed together to the out
put shown in the following table. The input column 
lists the input pin number(s) along with the signal 
name(s). The output column lists the output pin 
number along with the pin name that corresponds 
to the input pin(s). . 

MWR ---4 

lOR __ ---I P------l D OST 

CNFN_2 --~ 

RESET 

FIGURE 15-1. TEST MODE CIRCUIT 
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I/O MAPPING WD90C31 

INPUT PINS OUTPUT PINS 

PIN NAME PIN NAME 

P1 MDET P123 VID4 

P4 MCLK P124 VID5 
II 

P8 MD31 P125 VID6 

P9 MD30 P126 VID7 

P10+P13 MD29 + MD26 P2 USR1 

P11 + P14 MD28 + MD25 P3 USRO 

P12 MD27 P7 WE3 

P15 MD24 P6 OE 

P19 + P24 + P31 MD23 + MD18 + MD15 P27 RAS4 

P20 MD22 P16 WE2 

P21 + P25 + P32 MD21 + MD17 + MD14 P28 RAS3 

P22 + P26 + P33 MD20 + MD16 + MD13 P30 WE1 

P23 + P34 + P43 MD19 + MD12 + MD6 P39 RAS 

P35 + P38 MD11 + MD8 P52 WEO 

P36 + P41 MD10 + CAS P53 MAO 

P37 + P42 +P46 MD9 + MD7 + MD3 P54 MA1 

P44 + P47 MD5 + MD2 P55 MA2 

P45 + P49 MD4+ MDO P56 MA3 

P48 + P62 MD1 + A17 P57 MA4 

P63 + P68 A18+A22 P59 MA6 

P64 + P69 + P72 A19 + A23 + BHE P58 MA5 

P65 A20 P60 MA7 

P66 + P73 + P86 A21 + ALE + ROM16 P61 MA8 

P70 + P77 + P80 IOCS16 + lOW + P74 IRQ 
RESET 

P90 + P93 + P95 DA15 + DA12 + DA10 + P71 MEMCS16 
P79 + P89 MWR+A16 

P75 + P78 + P88 EMEM + MRD + P82 IOCHRDY 
EDBUFH 

TABLE 15-1. WD90C31 PIN SCAN MAP FOR 132-PIN PACKAGE 
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WD90C31 110 MAPPING 

INPUT PINS OUTPUT PINS 

PIN NAME PIN NAME 

P8S+ P92 EIO + DA13 P81 OWS 

P91 + P94 DA14 + DA11 P87 EBROM 

P76+ P77 IOR+ lOW P100 DIR** 

P96 + P101 DA9+ DA7 P11S RPLT 

P97 + P102 DA8+ DA6 P114 WPLT 

P98 + P103 EABUF + DAS P113 HTL 

P104 + P109 DA4 + EDBUFL P112 BLANK 

P10S + P107 DA3 + DA1 P110 VSYNC 

P106 + P108 DA2+ DAO P111 HSYNC 

P128 VCLKO P118 PLCK 

P129 VCLK1 P119 VIDO 

P130 VCLK2 P120 VID1 

P131 EXPCLK P121 VID2 

P132 EXVID P122 VID3 

Note: 
A "+" in the input column indicates an OR function for the test input pins only. 
** This mapping for DIR output is valid only during RESET HIGH. 

TABLE 15-1. WD90C31 PIN SCAN MAP FOR 132-PIN PACKAGE (Cont.) 

Refer to Table 4-3 for the comparable pin number for a 144-pin package. 
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I/O MAPPING 
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WD90C31 PACKAGE DIMENSIONS 

16.0 PACKAGE DIMENSIONS 
Figure 16-1 illustrates the 132-pin JEDEC pack
age showing the dimensions in inches. Figure 

16-2 illustraes the 144-pin EIAJ package showing 
the dimensions in millimeteres and inches. 

+. 

18-142 
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PACKAGE DIMENSIONS 
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INTRODUCTION 

1.0 INTRODUCTION 

The WD90C55 color interface chip provides the 
RGB data exchange interface between the 
WD90C2X family of VGAlLCD controller chips 
and a number of color panels. The WD90C55 also 
acts as a pass-through buffer for LCD 
monochrome data. 

This section provides an introduction to the 
WD90C55 as well as a list of features. 

1.1 GENERAL DESCRIPTION 

The WD90C55 has been designed to fit the needs 
of the fast-growing laptop computer market and 
color-LCD panel technologies. This device inter
faces with the following VGA laptop controllers to 
provide a complete solution in designing laptop 
computers with both mono- and color-LCD inter
faces listed below: 

• 90C20 

• 90C22 
• 90C20A 

• 90C26 

The WD90C55 drives color LCD panels directly, 
without requiring additional buffers. It can also be 
used to drive mono-LCD panels as output buffers. 

PRODUCT NAME 
WD90C20 

PANEL TYPE 

WD90C55 

Using a combination of the WD90C55 and 
WD90C2X product lines, both mono- and color
LCD panel applications are possible for laptop 
computers. OEM customers can upgrade their 
flat-panels as easily as upgrading their CRT dis
plays. 

Tables 1-1 and 1-2 show color LCD implementa
tions and number of colors available for each 
type. 

1.2 FEATURES 

The major features of the WD90C55 are listed 
below. 

• Direct interface with WD90C20, WD90C22, 
WD90C20A and WD90C26 

• Power down mode control to reduce power 
consumption 

• I/O pin mapping to improve board level 
testability 

• 8-bit (2 and 2/3 pixels) STN color LCD 
interface 

• 16-bit (5 and 1/3 pixels) STN color LCD 
interface 

• Timing adjustment for TFT color LCD panel 

• 44-pin POFP or 48-pin VOFP package 

WD90C22 WD90C20A WD90C26 

STN Color LCD with WD90C55 with WD90C55 with WD90C55 with WD90C55 

Hitachi TFT with WD90C55 with WD90C55 direct direct 

Sharp TFT N/A direct direct direct 

TABLE 1-1 COLOR LCD IMPLEMENTATION 

PRODUCT NAME 
WD90C20 WD90C22 WD90C20A WD90C26 

PANEL TYPE 

STN Color LCD 512 4K or 256K 4K 4K or 256K 

TFT Color LCD 512 512 512 512 or 27K 

TABLE 1-2 COLOR CAPABILITY 
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WD90C55 

2.0 ARCHITECTURE 

The WD90C55 color interface chip provides the 
RGB data exchange interface between the 
WD90C2X family of VGAlLCD controller chips 
and a number of color LCD panels, TFT color pan
els and STN 8-bitl16-bit LCD color panels. It acts 
as a pass-through buffer for LCD monochrome 
data, buffering LCD monochrome data from the 
WD90C2X family, and passing it, along with con
trol signals, to LCD monochrome panels. These 
interface functions are provided for by the follow
ing five modes: 

• STN 8-bit Color LCD mode 

• STN 16-bit Color LCD mode 

• TFT Color LCD for WD90C20 

• TFT Color LCD mode for WD90C22 

• LCD Monochrome mode 

The following additional modes are also provided: 

• Pin scan mode 

• Output tri-state mode 

The WD90C55 turns off any unnecessary logic 
not selected by SEL[2:0] inputs. 

Described in the following subsections are the 
eight major functional modules of the WD90C55: 

• Sequencer (SEQ) 

• Data Conversion Control (DCC) 

• Bi-Phase Clock Generator (BCG) 

• Power Down Control (PDC) 

• 1/0 Pin Mapping Control (IOMP) 

• TFT Timing Control (TTC) Interface 

• Color Panel Interface (CPI) 

• Monochrome LCD Interface 

These modules are illustrated in the functional 
block diagram provided in this section. 

2.1 SEQUENCER· STN INTERFACE 

The sequencer provides the key timing control 
from the WD90C2X product to the color LCD pan
el. In STN color-LCD mode, the WD90C2X sends 
out 6-bits (2-pixels) every shift clock. The shift 

ARCHITECTURE 

clock (XSCLK) is not free-running but toggling. It 
toggles only when the video data is valid. "WGT
CLK" is used to qualify the valid data and to start 
the state machine in the sequencer. 

2.2 DATA CONVERSION CONTROL· STN 
INTERFACE 

The DCC block provides both 6-bit to 8-bit and 6-
bit to 16-bit data conversion. 

Only one type of color LCD panel is enabled dur
ing the operation. 

Unused logic is automatically turned off. 

2.3 BI·PHASE CLOCK GENERATOR· STN 
INTERFACE 

The BCG block is used to generate the bi-phase 
clock outputs XUCLK and XLCLK. These outputs 
are used in the 8-bit STN color LCD interface. 

Eight-bit data is latched on the falling edges of 
XUCLK and XLCLK. Sixteen-bit data is latched on 
the falling edge of XLCLK. 

2.4 POWER DOWN CONTROL 

The PDC block generates the control signals to 
turn off the WD90C55 when the system goes to 
power down mode. 

The output data bus is driven "Low". 

The output clocks are turned off and stay "Low" 
when the "PDOWN" is active low. 

2.5 1/0 PINS MAPPINGIPIN SCAN TEST 
MODE 

This is a unique test mode provided by the 
WD90C55. When the SEL[2:0] = 000, test mode is 
enabled. 

Test mode allows input pins to be logically con
nected to the outputs. During In-Circuit Test, test 
pads can be connected to the pins on a PCB, and 
a simple "opens and shorts" test verifies that there 
are no defects. 
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WD90C55 

2.6 TFT TIMING CONTROL - TFT 
INTERFACE 

The W090C20 and W090C22 require different 
timing. It is the function of the HC Block to adjust 
the timing specification for the Hitachi TFT Color 
LCO Panel. This adjustment consists of a 7 PCLK 
delay and 2 PCLK delay for the W090C20 and 
W090C22, respectively. 

The YV090C22, W090C20A and W090C26 can 
drive the Sharp TFT color LCO panel directly. 

The W090C20A and W090C26 can also drive the 
Hitachi TFT color LCO directly, without a 
W090C55 interface. 

UOO = first pixel of upper panel 

ARCHITECTURE 

2.7 COLOR PANEL INTERFACE 

The color panel interface block contains the logic 
to multiplex 8-bit STN data onto the external data 
bus (00-07), or 16-bit STN data onto 00-015. 
Nine-bit TFT data (RO-2, GO-2, BO-2) are multi
plexed onto 00-OX8, and 8-bit monochrome LCO 
data is muxed onto 00-07 via this block. 

2.8 MONOCHROME LCD INTERFACE 

In Monochrome LCO mode, input data UO[3:0] 
LO[3:0] and control signals for FP, LP, and SCLK, 
are multiplexed onto the color interface bus. 
These input data and control signals are simply 
buffered and passed through the W090C55. See 
the following figure for input data to pixel mapping 
information. 

90C20/22/26 

U03 = first pixel of upper panel 

04 = firstjPixel 01 upper pan~MONO LCD J .---,W..:..;D::.-9:..:0;..::C;..::5..::..5----, _i _1 
UO[3:0]1--______ -.!.. UO[3:0] 0[4:7]" UO[3:0] 

LO[3:0]1---::::--____ ~ LO[3:0] 0[0:3] LO[3:0] 

LDO • fir)., of lower pan" L----O-O-=-f-'irst) of low.r pan~ 
L03 = first pixel of lower panel 

FIGURE 2-2 WD90C55 MONO LCD INTERFACE BLOCK DIAGRAM 
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SIGNAL DESCRIPTION WD90C55 

3.0 SIGNAL DESCRIPTION 3.1 44-PIN WD90C55 PINOUT 

This section contains pin information for both the 
44- and 4S-pin W090C55 products. Pin assign
ment tables and pin diagrams of both are provid
ed. 

This section contains the following information: 

• Pinout diagram 

• Pin list 
• Pin package definitions 

Section 4.1 describes the 44-pin product and sec
tion 4.2 describes the 4S-pin device. 

• Pin description 

• Bus definition 

• LCD panel pinout spec 

30 25 

35 

OS POOWN 

09 SEL2 

010 SEL1 

WD90C55 
SELO 

40 RESET 

013 PCLK 

014 WGTCLK 

SCLK 

44 LP 

5 10 

FIGURE 3-1 44-PIN WD90C55 PINOUT DIAGRAM 
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WD90C55 SIGNAL DESCRIPTION 

NAME PIN# NAME PIN# NAME PIN# 

VDD 1 RESET 16 D3 31 

UD3 2 SELO 17 D4 32 

UD2 3 SEL1 18 D5 33 

UD1 4 SEL2 19 D6 34 

UDO 5 PDOWN 20 D7 35 

LD3 6 XENABLE 21 D8 36 

LD2 7 VSS 22 D9 37 

LD1 8 VDD 23 D10 38 

LDO 9 XFP 24 D11 39 

RPLT 10 XLP 25 D12 40 

FP 11 XUCLK 26 D13 41 

LP 12 XLCLK 27 D14 42 

SCLK 13 DO 28 D15 43 

WGTCLK 14 D1 29 VSS 44 

PCLK 15 D2 30 

TABLE 3-1 44-PIN PACKAGE PIN LIST 
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SIGNAL DESCRIPTION WD90C55 

PIN # SIGNAL NAME 1/0 DESCRIPTION 

1,22,23,44 VSS, VDD I Power 

2-5 UD[3:0] I Upper Panel Output data 

6-9 LD[3:0] I Lower Panel Output data 

10 RPLT I Data bit which is used for TFT interface 

11 FP I Frame pulse 

12 LP I Line Pulse 

13 SCLK I Shift Clock 

14 WGTCLK I Data enable 

15 PCLK I Pixel Clock (free running) 

16 RESET I System Reset 

17-19 SEL[0:2] I WD90C55 Selection Bus, bit 0 to bit 2 

20 PDOWN I Power Down Mode Control, active low 

21 XENABLE 0 Data Enable 

24 XFP 0 Frame Pulse 

25 XLP 0 Line Pulse 

26 XUCLK 0 Upper Data Shift Clock 

27 XLCLK 0 Lower Data Shift Clock 

28-43 D[15:0] 0 LCD Panel Data Output 

TABLE 3-2 44-PIN PACKAGE PIN DESCRIPTIONS 
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WD90C55 SIGNAL DESCRIPTION 

SEL[2:0] DESCRIPTION 

000 Test Mode 1 I/O pin mapping, ICT test 

001 8-Bit STN Panels (Sharp, Seiko) 

010 16-Bit STN Panels (Sanyo) 

100 Monochrome LCD Panels 

1 01 Hitachi TFT Color Panel (WD90C20) 

1 1 0 Hitachi TFT Color Panel (WD90C22) 

111 Test Mode 2, Output buffer tristate test 

TABLE 3-3 44-PIN PACKAGE SEL[2:0] BUS DEFINITION 

NOTE 
The WD90C22 can drive the Sharp TFT color LCD directly without WD90C55. 
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SIGNAL DESCRIPTION WD90C55 

WD90C55 MONO LCD a-BIT STN a-BIT STN 16-BITSTN 9-BITTFT (Seiko) (Sharp) 

XFP FP DIN YD FLM VSYNC 

XLP LP LP LP CL1 HSYNC • I 

XENABLE UNUSED UNUSED UNUSED UNUSED DEN 

FR FR UNUSED UNUSED M UNUSED 

XUCLK XSCLK XSCLU XCKL UNUSED CLK 

XLCLK UNUSED XCKLL XCKU CL2 UNUSED 

D15 UNUSED UNUSED UNUSED UD7 UNUSED 

D14 UNUSED UNUSED UNUSED UD6 UNUSED 

D13 UNUSED UNUSED UNUSED UD5 UNUSED 

D12 UNUSED UNUSED UNUSED UD4 UNUSED 

D11 UNUSED UNUSED UNUSED UD3 UNUSED 

D10 UNUSED UNUSED UNUSED UD2 UNUSED 

D9 UNUSED UNUSED UNUSED UD1 UNUSED 

D8 UNUSED UNUSED UNUSED UDO BO 

D7 UD3 D7 DO LD7 R2 

D6 UD2 D6 D1 LD6 R1 

D5 UD1 D5 D2 LD5 RO 

D4 UDO D4 D3 LD4 G2 

D3 L03 D3 D4 LD3 G1 

D2 LD2 D2 D5 LD2 GO 

D1 LD1 D1 D6 L01 B2 

DO LDO DO D7 LDO B1 

TABLE 3-4 44-PIN PACKAGE LCD PANEL PINOUT SPEC 
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WD90C55 SIGNAL DESCRIPTION 

3.2 48-PIN WD90C55 PINOUT 

This subsection contains the following information: 

• Pinout diagram of the 4B-pin W090C55 

• 4B-Pin Package List 

35 30 25 

It) 

"'" 
C') (\J ..- 0 c... c... en 

0 0 0 0 0 0 ..J LL en VOO x x > 

06 XENABLE 

07 POOWN 

40 DB SEl2 

09 SEL1 20 

010 SELO 

011 WD90C55 RESET 

012 PCLK 

45 013 WGTCLK 

014' SCLK 15 

015 LP 

VOD 
VDO 

5 10 

FIGURE 3-2 48-PIN PACKAGE PINOUT DIAGRAM 
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SIGNAL DESCRIPTION WD90C55 

NAME PIN# NAME PIN# NAME PIN # 

VSS 1 PCLK 17 03 33 

U03 2 RESET 18 04 34 III 
U02 3 SELO 19 05 35 

U01 4 SEL1 20 VSS 36 

UOO 5 SEL2 21 VOO 37 

L03 6 POOWN 22 06 38 

L02 7 XENABLE 23 07 39 

L01 8 VOO 24 08 40 

LOO 9 VSS 25 09 41 

RPLT 10 XFP 26 010 42 

FP 11 XLP 27 011 43 

VSS 12 XUCLK 28 012 44 

VOO 13 XLCLK 29 013 45 

LP 14 DO 30 014 46 

SCLK 15 01 31 015 47 

WGTCLK 16 02 32 VOO 48 

TABLE 3-5 48-PIN PACKAGE PIN LIST 
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WD90C55 SIGNAL DESCRIPTION 

PIN# SIGNAL NAME I/O DESCRIPTION 

1,22,23,44 VSS, VDD I Power 

2-5 UD[3:0] I Upper Panel Output data 

6-9 LD[3:0] I Lower Panel Output data 

10 RPLT I Data bit which is used for TFT interface 

11 FP I Frame pulse 

12 LP I Line Pulse 

13 SCLK I Shift Clock 

14 WGTCLK I Data enable 

15 PCLK I Pixel Clock (free running) 

16 RESET I System Reset 

17-19 SEL[0:2] I WD90C55 Selection Bus, bit 0 to bit 2 

20 PDOWN I Power Down Mode Control, active low 

21 XENABLE 0 Data Enable 

24 XFP 0 Frame Pulse 

25 XLP 0 Line Pulse 

26 XUCLK 0 Upper Data Shift Clock 

27 XLCLK 0 Lower Data Shift Clock 

28-43 0[15:0] 0 LCD Panel Data Output 

TABLE 3-6 48-PIN PACKAGE PIN DESCRIPTIONS 
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SIGNAL DESCRIPTION WD90C55 

SEL[2:0] DESCRIPTION 

000 Test Mode 1 liD pin mapping, ICT test 

001 8 Bit STN Panels (Sharp, Seiko) 

a 10 16 Bit STN Panels (Sanyo) • 
100 Monochrome LCD Panels 

1 01 Hitachi TFT Color Panel (WD90C20) 

1 1 a Hitachi TFT Color Panel (WD90C22) 

111 Test Mode 2, Output buffer tristate test 

TABLE 3-7 48-PIN PACKAGE SEL[2:0] BUS DEFINITION 

NOTE 
The WD90C22 can drive the Sharp TFT color LCD directly without WD90C55. 

ADVANCED INFORMATION 11/26/91 19-13 



WD90C55 SIGNAL DESCRIPTION 

WD90C55 MONO LCD 8-BIT STN 8-BITSTN 16-BIT STN 9-BITTFT 
(Seiko) (Sharp) 

XFP FP DIN YD FLM VSYNC 

XLP LP LP LP CL1 HSYNC 

XENA8LE UNUSED UNUSED UNUSED UNUSED DEN 

FR FR UNUSED UNUSED M UNUSED 

XUCLK XSCLK XSCLU XCKL UNUSED CLK 

XLCLK UNUSED XCKLL XCKU CL2 UNUSED 

D15 UNUSED UNUSED UNUSED UD7 UNUSED 

D14 UNUSED UNUSED UNUSED UD6 UNUSED 

D13 UNUSED UNUSED UNUSED UD5 UNUSED 

012 UNUSED UNUSED UNUSED UD4 UNUSED 

011 UNUSED UNUSED UNUSED UD3 UNUSED 

D10 UNUSED UNUSED UNUSED UD2 UNUSED 

09 UNUSED UNUSED UNUSED UD1 UNUSED 

08 UNUSED UNUSED UNUSED UDO 80 

07 UD3 D7 DO lO7 R2 

D6 UD2 D6 D1 LD6 R1 

05 UD1 D5 D2 LD5 RO 

04 UDO D4 D3 LD4 G2 

03 LD3 D3 D4 L03 G1 

02 LD2 D2 D5 LD2 GO 

01 LD1 D1 D6 LD1 82 

00 LOO DO D7 lOO 81 

TABLE 3-8 48-PIN PACKAGE LCD PANEL PINOUT SPEC 
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DC ELECTRICAL SPECIFICATIONS 

4.0 DC ELECTRICAL SPECIFICA· 
TIONS 

4.1 ABSOLUTE MAXIMUM RATINGS 

Ambient temperature 
under bias 

Storage temperature 

Voltage on all inputs and 
outputs with respect to Vss 

Power dissipation 

NOTE 

O' C to 70' C 

-40' C to 125' C 

-0.3 to 7 Volts 

0.85 watt 

Stresses above those listed under 
Absolute Maximum Ratings may cause 
permanent damage to the device. This is 
a stress rating only and functional 

4.3 SUPPLY PINS 

PARAMETER MIN MAX 

VDD 4.75V 5.25V 

4.4 INPUT PINS 

PARAMETER MIN MAX 

VIL -0.5V 0.8V 

VIH 2.0V VCC +0.5V 

ilL -101lA -1 0 1lA 

IDDS 100 IlA 

WD90C55 

operation of the device at these or any 
other conditions above those indicated in 
the operational section of the 
specification is not implied. Exposure to 
absolute maximum rating conditions for 
extended periods may affect product 
reliability. 

4.2 STANDARD TEST CONDITIONS 

The characteristics below apply for the following 
standard test conditions, unless otherwise noted. 
All voltages are referenced to Vss (OV Ground). 
Positive current flows into the referenced pin. 

Operating Temperature O· to 70' C 
Range 

Power Supply Voltage 4.75 to 5.25 
Volts 

CONDITIONS 

Pins 1, 23 (44 pin package), Pin 8, 48 (48 pin 
package) 

CONDITIONS 

VIH = VCC, VIL = OV 

VIN = VCC or VSS, IOH = IOL = OmA 

FP, LP, SCLK, WGTCLK,PCLK,UD[3:0j, LD[3:0j, RESET, RPLT, PDOWN, SEL[2:0j 
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WD90C55 DC ELECTRICAL SPECIFICA TlONS 

4.5 OUTPUT PINS 

PARAMETER MIN MAX CONDITIONS 

VOL O.4V IOL= 6mA 

VOH 2.4V IOH = -2mA 

IOZ -50~ 50~A VOUT = VCC or VSS 

Cout 100pf 

XFP, XLP, XENABLE, XUCLK, XLCLK, D[15:0] 
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AC OPERATING CHARACTERISTICS WD90C55 

5.0 AC OPERATING CHARACTERISTICS 

Timing is provided for the following: 

• STN Color LCD Mode - Input Timing 

It STN Color LCD Mode - 8-bit interface 

• STN Color LCD Mode - 16-bit interface 

• TFT Color LCD Mode - 9-bit interface 

• Mono LCD Mode • 
ITEM DESCRIPTION MIN MAX 

1 Rise/Fall Time (Inputs: PCLK 5 ns 
SCLK 10 ns 
FP 10 ns 
LP 10 ns 
WGTCLK 10 ns 

2 UD[3:1J, LD[3,1] setup to t SCLK 18 ns 

3 UD[3:1], LD[3,1] hold from J, SCLK 18 ns 

4 UD[3:1J, LD[3,1] valid from t WGTCLK 10 ns 

5 UD[3:1 J, LD[3,1] invalid from J, WGTCLK -10 ns 

6 SCLK period 62.5 ns 80 ns 
(PCLK = 32 MHz) (PCLK = 25 MHz) 

7 FP 11 to LP .u. SETUP time 1LP 

8 FP .u. to LP .u. HOLD time 0 

TABLE 5-1 STN COLOR LCD MODE -INPUT TIMING 

Refer to the following figure for timing diagram. 
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FIGURE 5-1 STN COLOR LCD MODE - INPUT TIMING DIAGRAM 

NOTE 

LP = 1/PCLK * 800 
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AC OPERATING CHARACTERISTICS WD90C55 

ITEM DESCRIPTION MIN MAX 

1 XFP to XLP- Hold time 24PCLK 32 PCLK 

2 XFP to XLP- Setup time 1LP 

3 i SCLK to i XUCLK 240 ns • 
4 i SCLK to i XLCLK 345 ns 

5 0[7:0] (even byte) setup to J.. XUCLK, J.. XLCLK 30 @ t=32MHz 
35 @ t=28MHz 
40 @ t=25MHz 

6 0[7:0] (odd byte) hold from J.. XUCLK, J.. XLCLK 30@t=32MHz 
35@t=28MHz 
40@t=25MHz 

7 XUCLK cycle time 163 ns 218 ns 

8 XLCLK cycle time 165 ns 205 ns 

TABLE 5·2 STN COLOR LCD MODE· 8·BIT INTERFACE 

Refer to the figure on the next page for timing diagram. 
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AC OPERATING CHARACTERISTICS WD90C55 

ITEM DESCRIPTION MIN MAX 

1 XFP to XLP- Hold time 24PCLK 32 PCLK 

2 XFP to XLP- Setup time 1LP 

3 t SCLK to t XUCLK 240 ns • 
4 t SCLK to t XLCLK 345 ns 

5 0[7:0] (even byte) setup to J, XUCLK, J, XLCLK 30@t=32MHz 
35 @t=28MHz 
40@t=25MHz 

TABLE 5-3 STN COLOR LCD MODE - 8-BIT INTERFACE 

Refer to the figure on the next page for timing diagram. 
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AC OPERATING CHARACTERISTICS WD90C55 

ITEM DESCRIPTION MIN MAX 

1 Data IN [8:0] setup to PCLK J., 10 ns 

2 Data IN [8:0] hold from PCLK J., 10 ns 

3 0[8:0] setup to XUCLK J., (W090C22) PCLK=25MHz 10 ns • 
4 0[8:0] hold from XUCLK .J, (W090C22) PCLK=25MHz 10 ns 

5 0[8:0] setup to XUCLK .J, (W090C20) PCLK=25MHz 10 ns 

6 0[8:0] hold from XUCLK J., (W090C20) PCLK=25MHz 10 ns 

TABLE 5-4 TFT COLOR LCD MODE - 9-BIT INTERFACE 

Refer to the following figure for timing diagram. 

ADVANCED INFORMATION 11/26/91 19-23 



WD90C55 

~ 
--I 
() 
a. 

AC OPERATING CHARACTERISTICS 

0' 
C\I 
() 
a 
~ 
6' 
<Xi 
0' 

FIGURE 5-4 TFT COLOR LCD 9-BIT INTERFACE MODE TIMING DIAGRAM 

19-24 ADVANCED INFORMATION 11126/91 



IMPLEMENTATION 

6.0 IMPLEMENTATION 

This section provides block diagrams of the WD90C55 
in each implementation: 

• 90C20 Implementation 

• 90C20A Implementation 

• 90C22 Implementation 

• 90C26 Implementation 

VCLK 
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16 
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WD90C55 

WD90C55 

B 
4-bit interface 
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LCD 

STN a-bit interface 
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16-bit interface 
LCD 

TFT 
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LCD 

FIGURE 6-1 WD90C55 WITH WD90C20 IMPLEMENTATION 
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FIGURE 6-2 WD90C55 WITH WD90C20A IMPLEMENTATION 
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MECHANICAL SPECIFICATIONS WD90C55 

7.0 MECHANICAL SPECIFICATIONS 

Figures 7-1 and 7-2 contain th'e mechanical specifications for WD90C55 44- and 4S-pin packages, 

7.1 44-PIN PACKAGE 

• 
.. 

0.039 0.006 
(1.0 0.15) 

0.693 0.016 
(14.0 0.2) 

0.551 O.OOS 
(14.0 0.2) 

WD90C55 

0.014 0.006 
(0.35 0.15) 

1 
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OC\J o . 
dO 

0 
LO-.:t 
10 .... . -0 

J 

FIGURE 7-1 44-PIN LAYOUT MECHANICAL SPECIFICATION 
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7.2 48-PIN PACKAGE 

0.020 0.004 
(0.5 0.1) 

• 

0.354 0.016 
(9.0 0.4) 

0.276 0.004 
(7.0 0.1) 

WD90C55 

---II"~ I"'~ __ -
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(0.18 0.15) 

MECHANICAL SPECIFICA TlONS 

0.354 0.016 
(9.0 0.4) 

0.276 0.004 
(7.0 0.1) 

J 

FIGURE 7-2 48-PIN LAYOUT MECHANICAL SPECIFICATION 
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INTRODUCTION 

1.0 INTRODUCTION 
The WD10C01A is a VLSI Winchester/Optical 
Disk Controller chip that provides the data han
dling and control for intelligent disk applications. 
The WD10C01A interfaces to nearly any serial 
disk interface, including ST412, ST412HP, ESDI, 
SMD, and many optical disk interfaces. The 
WD1 OC01 A provides great flexibility in format 
design, allowing for multiple ID fields, special 
synchronization requirements, special information 
fields, or almost any other special requirement. 
The WD1 OC01 A can provide all of the data, 
status, and control signals required by these inter
faces. 

1.1 FEATURES 

• Disk interfaces and formats supported include 
ST412, ST412HP, ESDI, SMD and optical disks 

• Full multi-sector operation with four byte ID 
auto-increment 

• Up to 24 mbitlsecond maximum transfer rate 

• Supports 16-bit CRC-CCITT polynomial on ID 
field 

• Degree 5 and 6 Reed-Solomon ECC with 3- or 
5-way interleave to protect data field against 
long error burst 

• Provides composite syndromes for error 
correction 

• Up to 1:1 interleave operation 

• Writeable control store allows flexible error 
Recovery, including redundant ID and sync 
fields 

WD10C01A 

cs· 
DBO 
DBl 
DB2 
DB3 
DB4 
DB5 
DB6 
DB7 
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fo2 
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FIGURE 1-1, WD10C01A PIN DIAGRAM 
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• Support hard or soft sector formats, sector size 
to 1250 bytes when 5-way interleave is used 
for degree 5 Reed-Solomon code 

• Built in crystal driver for data rate and/or CPU 
use 

• Generic non-multiplexed CPU interface with 
maskable interrupts 

• Separate CPU and disk data busses 

• On-the-fly compare against buffer data 

• 20 general I/O Lines for disk drive control 

• 68-Pin PLCC package 
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2.0 GENERAL DESCRIPTION 
The WD10C01A has separate ports for data DMA 
transfer and for the microprocessor to achieve a 
maximum performance. 

The WD10C01A performs the disk data serializa
tion and de-serialization. It can interface with 
various magnetic and optical Data En
coder/Decoders (ENDEC). The data format on the 
disk is controlled by a Writeable Control Store. It 
is very flexible with the capability to support 
various formats including optical disk. The device 
also has the capability to compare data and verify 
the ECC. The WD10C01A can perform full track 
operations without CPU intervention using the 
Writeable Control Store, auto-incrementing 10 
registers and the sector counter. 

The WD10C01A includes logic implementing 
CCITT-CRC and Reed-Solomon ECC for data 
protection. The 10 field is protected by sixteen bit 
CRC and the data field is protected by degree five 
or six RS-ECC. The user can also select the inter
leave factor of three or five for the data field. The 
term "interleave" here should not be confused 
with the term "sector interleave," which defines 
the relation between the physical and the logical 
location of sectors within a track. Interleaving the 
data field means spreading the data across 
several ECC code words to improve the capability 
for correcting longer error bursts. 

For the error correction, the WD1 OC01 A 
generates the composite syndromes. From this 
error information, the correction software can 
generate individual syndromes to correct up to 
two error bytes per interleave (for degree 5) or up 
to three error bytes per interleave (for degree 6). 
Optionally, the user can use external, more 
powerful ECC device, such as WD60C80. 

GENERAL DESCRIPTION 

The highly programmable nature of the 
WD10C01A allows the use of redundant 10 and 
data sync fields within a single sector. This fea
ture, along with the programmable degree 5 or 6 
RS-ECC, gives the WD1 OC01 A a greater 
capability for recovering user data in a sector with 
'grown' defects. 

The WD10C01A interfaces to the buffer manager, 
such as WD60C40 through an eight bit DMA port. 
It uses asynchronous protocol through 
DREQ/DACK signals. 

The WD10C01A has a generic microprocessor in
terface that allows the WD10C01A to be used 
with all popular 8-bit microprocessors. The 
WD10C01A has interrupt capability, which frees 
up the microprocessor from constantly polling the 
device status. The WD1 OC01 A also has a built-in 
crystal oscillator driver that can be used to 
generate data reference, buffer management, or 
microprocessor clocks. Two separate outputs are 
provided with internal programmable dividers. 
Both outputs have the extra drive voltage and cur
rent necessary for driving MOS microprocessor 
clock inputs. 

The WD10C01A has 20 lines dedicated to exter
nal I/O ports that the microprocessor can use to 
control the drive and head select lines, seek com
mand and drive status. Eight lines are output only, 
six lines are input only, and four other lines can be 
individually programmed for input or output. Two 
other latch and hold input lines are tied to the 
interrupt logic and can be used to detect fault and 
ready conditions without constantly polling the 
device. 
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WD10C01A SIGNAL DESCRIPTION 

4.0 SIGNAL DESCRIPTION 
The WD1 OC01A is a 68-pin PLCC device. 1/0 indicates that a signal is bidirectional. 

1,0 indicates that a signal can be input 
output. 

The following section describes the external sig
nals available on the WD10C01A. Conventions 
are as follows: 

indicates that a signal is an input to the 
WD10C01A. 

* as a suffix indicates an active low signal; 
however, most drawings and text use an 
overscore to indicate an active low signal. 

o indicates that a signal is an output from 
the WD10C01A. 

PIN MNEMONIC I/O DESCRIPTION 
25-21 AO-A4 I CPU ADDRESS BUS. These signals are used to address internal 

WD10C01A registers. 

36 CPUCLK 0 CPU CLOCK OUTPUT. This is the OSC output (see below) 
divided by two or three, selected by an internal register. This out-
put has extra drive for use with certain microprocessors. 

10 CS I CHIP SELECT. This active low signal enables the WD10C01A bus 
interface logic. 

11-18 DBO-DB? 1/0 CPU DATA 1/0 BUS. This data bus is used to transfer data be-
tween the CPU and the WD10C01A. 

2? INT 0 CPU INTERRUPT. This active low, open drain output is asserted 
whenever an enabled interrupt condition occurs on the 
WD10C01A. 

33 OSC 0 OSCILLATOR OUTPUT. The 1x crystal oscillator output, optionally 
divided by two. This signal has the same drive capability as 
CPUCLK. 

19 RD I CPU READ STROBE. This active low signal enables data from 
the WD10C01Aon to the CPU data bus. 

61 RST I RESET. This active low signal resets all internal circuits that must 
be reset at power on. A complete list is given later in this docu-
ment. The reset is latched and the condition must be cleared by 
the CPU. 

20 WR I CPU WRITE STROBE. This active low Signal strobes data into the 
selected WD1 OC01 A register from the CPU data bus. 

3? X1 I CRYSTAL DRIVER INPUT. X1 can also be driven by an external 
clock. 

38 X2 0 CRYSTAL DRIVER OUTPUT. 

TABLE 4-1. CPU INTERFACE 
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SIGNAL DESCRIPTION WD10C01A 

PIN MNEMONIC 1/0 DESCRIPTION 
67 ACKA I BUFFER DATA ACKNOWLEDGE. This active low signal indicates 

to the WD1 OC01 A that data can now be transferred to or from the 
data buffer. 

8-1 BMDO-7 1/0 BUFFER MEMORY DATA BUS. This is an eight bit data bus that 
interfaces the WD10C01A with the disk data buffer memory. 

68 BMDP 1/0 DATA BUS PARITY. This signal is used to generate and check 
parity with the disk data buffer memory. 

66 REQA 0 BUFFER DATA REQUEST. This signal is asserted when the II 
WD1 OC01 A has data to write to the data buffer, or needs data 
from the data buffer. 

TABLE 4·2. BUFFER INTERFACE 

PIN MNEMONIC 1/0 DESCRIPTION 
30 AMDET I ADDRESS MARK DETECTED. Used only in ST412 type inter-

faces that use missing clocks or other qualifiers to the sync bytes 
that mark the start of a field. 

31 AMENA 0 ADDRESS MARK ENABLE. Used to write a missing clock sync 
byte (ST412) or soft sector mark (ESDI SMD) on the media. 

65 NRZI I NRZ READ DATA IN. Serial data input from the disk phase-locked 
loop. This signal is clocked in by the rising edge of RRCLK. 

63 NRZO 0 NRZ WRITE DATA OUT. Serial data output. NRZO is valid on the 
rising edge of WRCLK. 

59 RG 0 READ GATE. Active when reading from the disk drive. This signal 
is turned off for one byte time on an ID search error to reset exter-
nal data decoders. 

64 RRCLK I READ/REFERENCE CLOCK. This is the reference clock used to 
set the data rate for write, and is the recovered clock for read. The 
switching must be glitch free. NRZI is clocked into the WD10C01A 
by the rising edge of this clock. 

32 SEQOUT 0 SEQUENCER OUTPUT. This signal is a user definable output bit 
that is set up in the control byte of the sequencer control store 
(see below). This signal can be used to control an external ECC 
generator and checker, and is byte aligned with both read and 
write data. 

58 WG 0 WRITE GATE. Active when writing to the disk drive. 
62 WRCLK 0 WRITE CLOCK. This is output during write for drives that require 

it. NRZO data is valid on the rising edge of this clock. 

TABLE 4·3. DISK DATA INTERFACE 
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WD10C01A SIGNAL DESCRIPTION 

PIN MNEMONIC I/O DESCRIPTION 
35 COMPLT I COMPLETE. This signal is used to detect function complete condi-

tions, such as seeks or status requests. The signal only generates 
a CPU interrupt, and does not interfere with a read or write opera-
tion. 

34 DRVFLT I DRIVE FAULT. This signal is used to detect faults from the drive. 
The signal only generates a CPU interrupt, and does not interfere 
with a read or write operation. 

29 INDEX I INDEX. This signal is used to indicate the start of a track. This sig-
nal is latched for CPU status and interrupt. 

57-50 PXO-7 0 PORT X. This general purpose output port is intended for use as 
. drive select and head select siQnals . 

49-46 PYO-3 1,0 PORT Y. This general purpose port is intended for use as other 
control outputs or inputs. Each bit is selectable as input or output, 
but all bits are initialized to input when the WD1 OC01A is reset. 

45,44, PZO-5 I PORT Z. This general purpose input port is used to receive drive 
42-39 status siQnals. 

28 SECTOR I SECTOR MARK. This signal is used for marking sector start loca-
tions on the media. This can either be a hard sector mark, or a soft 
mark written on the media using AMENA (ESDI or SMD). 

TABLE 4-4. DISK CONTROL INTERFACE 

PIN MNEMONIC I/O DESCRIPTION 
26,60 VDD I +5 VOLTS DC. 

9,43 VSS I GROUND. 

TABLE 4-5. DEVICE POWER 
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ARCHITECTURE 

5.0 ARCHITECTURE 
The WD1 OC01 A consists of the functional blocks 
shown in the block diagram in Figure 3-1. VDD 
and VSS are applied to the device through two 
separate pins each to improve noise immunity. 
The top and left hand sides of the diagram show 
CPU interface features, the right hand side shows 
disk interface features, and the bottom shows 
buffer interface features. These blocks are dis
cussed in the following paragraphs. 

The PORT DECODE block generates the 28 write 
strobes and 25 read strobes used by the 
microprocessor to access the various internal 
control and status ports. These include the inter
rupt registers, external disk control ports, control 
store, control store control, configuration, ECC 
control, and 10 registers. 

The BUFFER CPU DATA block controls the trans
fer of data between the microprocessor and the 
internal registers. The direction control is qualified 
by chip select (CS) and read strobe (RD). 

The CPU CONFIGURATION PORTS are used to 
reset the WD 1 OCO 1 A, set the address mark 
enable timing, set the buffer interface timing, and 
select the frequency of the clock outputs, OSC 
and CPUCLK. 

The OSCILLATORS AND DIVIDERS block 
generates the clock outputs, OSC and CPUCLK, 
using an external crystal (or clock input) and 
dividers to select the frequency. Frequency selec
tion is glitch free. 

The INTERRUPT STATUS AND MASK registers 
are used to check and mask interrupts. The mask 
register does not affect the status register inputs. 
The interrupt sources include index and sector 
mark, drive fault and operation complete, ECC er
rors, and internal event status. 

The EXTERNAL PORTS are used to generate 
control signals and read status with the disk drive. 
Eight bits are output, six are input, and four are 
individually programmable for either input or out
put. 

The CONTROL STORE consists of 32 words of 
28 bits that are used to program the format of the 
disk sector. The data source, field length, error 
handling and checksum selection, and control sig-

WD10C01A 

nals, like Read Gate and Write Gate, are control
led by the data stored here. 

The CONTROL STORE CONTROL determines 
the next address in the control store to use, 
whether the next sequential address or a jump to 
another address. This block includes the sector 
counter used for multi-sector commands. This 
block also includes the BIT RING COUNTER, II 
which determines the timing of data transfers in I 
the WD10C01A. 

The WAIT SEQUENCER handles searches for 
index, sector mark, address mark, and byte 
synchronization. 

The 10 WRITE REGISTERS are 8 eight bit 
registers that are used to set the 10 write field for 
format, or the search field for read/update write. 
Four of the registers are counters that auto-incre
ment during multi-sector commands. The other 
four registers do not increment, and are used for 
defect and flag information. The first byte of the 
four counters can be disabled for three byte 10 
fields. 

The 10 READ REGISTERS are used to read the 
last 10 read from the media to aid in defect han
dling. 

The ECD block performs the CRC on 10, selects 
the degree of RS-ECC with 3- or 5-way interleave 
on data fields, generates the checksum bytes, 
creates the composite syndromes and ECC error 
status necessary for the calculation of error loca
tion and mask. 

The VALUE register holds immediate data from 
the control store when generating gaps, sync 
fields, and address mark bytes. 

The SHIFT OUT register serializes internal or ex
ternal (buffer) data for writing on the disk. The 
output is multiplexed with the output of the check
sum register. 

The SHIFT IN register de-serializes the read data 
from the disk, clocked in by RRCLK. The data is 
also transferred to the checksum register for 
checking. 

The COMPARE block is used to compare incom
ing read data with an internal or external data 
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source. These include byte synchronization The coefficients of the polynomial in decimals are: 
detection, 10 field search, and buffer data com-
pare. 1,60,183,183,60,1. 

The BUFFER INTERFACE handles the fetching 2. Degree 6, distance 7: 
and writing of data with the external data buffer. 
This includes parity generation and checking, and G(x) =(x+a 125)*(x +a 126)*(x +a 127)*(x+a 128)* 
data handshake with the buffer controller. 

5.1 ERROR CORRECTION AND 
DETECTION CODES 

5.1.1 CCITT·CRC 

The WD10C01A protects the 10 fields using the 
CCITT-CRC code. The polynomial is defined as 
follow: 

g(x) = x16 + x12 + x5 + 1 

The user can select the initial state of the shift 
registers to be either all zero's or all one's. 

5.1.2 Reed·Solomon ECC 

The data fields are protected using the interleaved 
Reed-Solomon code operating on 8 bits symbols. 
The redundancy bytes are inverted. WDl OCOl A 
supports two polynomials of degree five and six. 
The generator polynomials operate in the finite 
field GF(256), which are defined as follow: 

Let Bi represent elements of a finite field defined by a 
polynofuial over GF(2): 

The elements of the finite field employed by the 
codes are: 

The generator polynomials are self reciprocal and 
defined as follows: 

1. Degree 5, distance 6: 

G(x) = (x+a253)*(x+a254)*(x+aO)*(x+a 1 )*(x+a2). 

The coefficients of the polynomial in decimals are: 

1,176,126,163,126,176,1. 

The calculated checkbytes are inverted before 
they are written into the disk. During read opera
tion, the WDl OCOl A computes the composite 
syndromes by recalculating the checkbytes for the 
data field being read and compare them against 
the checkbytes written on the disk. The individual 
syndromes can be computed by dividing the com
posite syndromes with the factors of the generator 
polynomial: 

Si(X) = R(x) MODULO Gi(X) 

where: 

Si(X) 

R(x) 

Gi(X) 

= O .. ecc degree -1. 

= i'th individual syndrome. 

= composite syndrome. 

= factQr of the generator polynomial, 
(x+al). 

The WD10C01A supports two data interleaving 
factors. The user can optimize the performance 
by choosing the right degree and. interleave com
bination. 

The following table shows the redundancy over
head and maximum field size. 

Interleave Degree 5 DegreeS 
Factor Overhead* Max. Data" Overhead" Max. Data" 

Field Size" Field Size" 
3 15 750 18 747 

5 25 1250 30 1245 

* all units bytes 

20-8 11/19/91 



PROGRAMMING REFERENCE 

6.0 PROGRAMMING REFERENCE 
6.1 REGISTER ASSIGNMENTS 

The W01 OC01 A contains 32 output and 23 input 
ports distributed i~a 32 QQ!"t address space, 
selected by AO-A4, CS, and RO or WR. 

The ports are split into three functional groups: 

CONFIGURATION 

Address Assignment R/W 

00000 SRESET W 

00001 SISR R/W 

00010 SIMR RIW 

00011 SEQSTS/PYC R/W 

00100 CSERR RIW 

00101 CSCTL R/W 

00110 CSVAL R/W 

00111 CSCNT R/W 

DEVICE CONTROL 2 

Address Assignment R/W 

10000 ECCP W 

10001 ECCS R 

10010 SPORT R 

10011 

10100 

10101 

10110 TEST - do not use 

10111 SKIP W 

WD10C01A 

• configuration group 

• device control group 

• 10 registers. 
Address lines A4 and A3 select the group, and A2 
through AO select the register in the group. 

DEVICE CONTROL 1 

Address Assignment R/W 

01000 PORTX R/W 

01001 PORTY R/W 

01010 PORTZIAMC R/W 

01011 SEQCTL R/W 

01100 START R/W 

01101 LOOP R/W 

01110 ECCCTL R/W 

01111 SECCNT R/W 

10 REGISTERS 

Address Assignment R/W 

11000 100 R/W 

11001 101 R/W 

11010 102 R/W 

11011 103 R/W 

11100 104 R/W 

11101 105 R/W 

11110 106 R/W 

11111 107 R/W 

TABLE 6-1. REGISTER GROUPS 
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6.2 REGISTER DEFINITIONS 

The following sections describe each register in 
detail. The use of the register is described in 
general andlor each bit is described. The table 
below defines how bit directions are defined in 
these sections. Sometimes, a bit encoding is used 
to select a function that is not obvious from the 
definition of the bits involved. Refer to the section 
on Programming Notes for descriptions of these 
special modes. 

The following table contains bit direction defini
tions. 

Direction 

R 

W 

RIW 

RIC 

C 
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Meaning 

indicates that the bit is read only 

indicates that the bit is write only 

indicates that the bit may be writ-
ten and read 

indicates that the bit may be read 
and cleared by writing a one to 
that bit 

indicates that the bit may be 
cleared by writing a one to that bit 



PROGRAMMING REFERENCE 

6.3 CONFIGURATION GROUP 

The configuration group is used to do initial set up 
of ports and clocks, handle interrupts, and set up 
the control store memory. 

6.3.1 SRESET - Set Hardware Reset 
Register (00) 

Bits 7-1 are cleared to zero by reset. Bit 0 is set to 
one by an external reset. When writing one to 
SRST, any data on bits 7-1 are lost. 

OSCDlV 

0 

0 

1 

1 

WD10C01A 

CLKDIV OSC CPUCLK 

0 XTAU2 XTAU6 

1 XTAU2 XTAU4 

0 XTAL XTAU3 

1 XTAL XTAU2 

REGISTER BIT DlR DEFINITION 

00 7 W CLKDIV: CPUCLK divisor (see Note 1 below) 

00 6 W OSCDIV: OSC divisor (see Note 1 below) 

00 5 W Unused. 

00 4 W Unused. 

00 3 W Unused. 

00 2 W REQTIM: buffer request timing. When this bit is one, REQA 
is set at the same time that the internal buffer data holding 
register is ready. When this bit is zero, REQA occurs one 
RRCLK period early. This aids in interfacing to certain buff-
er circuits that have a lag in their response times. 

00 1 W ID3$4: select ID address size (see Note 2) 

00 0 W SRST: hardware reset. This bit is set by an external reset 
on the RST input, or can be set by writing one to this bit. 
This bit must be set to zero before operating the 
WD1 OC01 A, or before setting any of the other bits in this 
register or any other register. 

TABLE 6-2. SRESET - SET HARDWARE REGISTER (00) 

NOTE 1: The CPUCLK dividers are prescaled by 
the OSC dividers, as shown in the table below 
(XTAL is the clock generated by a crystal at X1 
and X2): 

Two other considerations: 
• CPUCLK = XTAU3 will not be a 50% duty 

cycle unless XTAL is also a 50% duty cycle 
clock. NOTE 2: The eight ID register bytes are split into 

two fields: the first four are address, and auto-in
crement for each sector; and the second four are 
flag bytes which do not increment. The I D3$4 bit 
selects whether 3 or 4 bytes of I D address bytes 
will be used in the ID field. In 3 byte address 
fields, register 100 is ignored. See Table 6-2A. 

• When resetting the WD10C01A under CPU 
control, and the CPU is clocked by CPUCLK or 
OSC, set CPUDIV and OSCDIV back to zero 
before setting SRST. If this is not done, the 
clocks could glitch and cause the CPU to fail. 
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103$4 Address Counter Size First Reg ister In Field a one to the selected interrupt bit. If the condition 
still exists, the clear will not be successful. The 
COMPLT and FAULT intArrupts will stay set until 
the cause of the interrupt goes away. The ID
FULL, DXFER, SECEND, and SM$IX interrupts 
are generated by single bit time pulses that are 
triggered by the leading edge of the interrupt 
cause, and can therefore be cleared immediately. 
SEOSTP is a direct status signal and is cleared 
when the sequencer is executing a command. 

0 4 bytes 100 

1 3 bytes 101 (100 not used) 

TABLE 6-2A. 10 REGISTER SELECTION 

6.3.2 SISR - Interrupt Status Register (01) 

The interrupt status register is designed to be 
used in interrupt or polled mode. The status is not 
affected by the interrupt mask register (see 
below). The interrupting condition has precedence 
over the CPU clear, which is performed by writing 

Before checking any bit (except SEOSTP), it 
should be cleared by writing a one to it. This 
register is not affected by reset. 

REGISTER BIT DIR DEFINITION 

01 7 R GINT - group interrupt. This is the state of the INT output, which is 
the logical OR of all of the enabled (by SIMR, see below) interrupt 
sources in this register. 

01 6 RIC IDFULL - ID registers full. This interrupt is set at the end of any ID 
field access by the transition of the control store ID bit from true to 
false. This interrupt should be serviced before the next ID field is 
accessed. This interrupt can be cleared immediately. 

01 5 RIC DXFER - data transfer started. This interrupt is set at the start of 
the data field by the transition of the control store BUFF or NOX-
FER bit from false to true. This interrupt can be used to determine 
when it is safe to write to the LOOP, SKIP, SECCNT, or ID 
registers, if necessary. This interrupt can be cleared immediately. 

01 4 RIC COMPLT - complete. This interrupt is set in response to the COM-
PLT input pin going true. This interrupt cannot be cleared until the 
COMPLT input pin goes false. 

01 3 R SEOSTP - sequencer stopped. This interrupt is set when the se-
quencer has stopped executing a command. This interrupt is 
cleared when the sequencer starts a new command. 

01 2 RIC SECEND - sector end interrupt. This interrupt is set by the leading 
edge of the LAST bit in the control store (see below). This is used 
to signal the end of a sector for buffer management and other 
overhead processing. The size of the field in which the LAST bit is 
set can be adjusted to match the processing overhead to the end 
of the sector for maximum CPU performance; the minimum size 
for this field is two bytes. This interrupt can be cleared immediately. 

01 1 RIC SM$IX - sector mark or index passed. This interrupt is set by the 
leading edge of the SECTOR or INDEX input going true, as 
selected by the mask in the sequencer control register (SEOCTL). 
RRCLK must be present for this interrupt to function. This interrupt 
can be cleared immediately. 

TABLE 6-3. SISR - INTERRUPT STATUS REGISTER 
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REGISTER BIT DIR DEFINITION 

01 0 RIC FAULT - drive fault. This interrupt is set in response to the DRVFLT 
input pin going true. This interrupt cannot be cleared until the 
DRVFLT input pin goes false. 

TABLE 6-3. SISR - INTERRUPT STATUS REGISTER (CONTINUED) 

6.3.3 SIMR - Interrupt Mask Register (02) 
affect the reading of status in SISR in any way. _ 
This register is cleared to zero by reset (interrupts _ 
disabled). Disabling GINT overrides any other 

The interrupts listed are described in the SISR 
description. Writing a one to the mask bit enables 
the interrupt. The state of the mask bits does not 

enables set in this register. 

REGISTER BIT DIR DEFINITION 

02 7 RIW GINT - enable all interrupts 

02 6 RIW IDFULL - enable IDFULL interrupt 

02 5 RIW DXFER - enable DXFER interrupt 

02 4 RIW COMPLT - enable COMPLT interrupt 

02 3 RIW SEOSTP - enable SEOSTP interrupt 

02 2 RIW SECEND - enable SECEND interrupt 

02 1 RIW SM$IX - enable SM$IX interrupt 

02 0 RIW FAULT - enable FAULT interrupt 

TABLE 6-4. SIMR - INTERRUPT MASK REGISTER 
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6.3.4 SEQSTS - Sequencer Status (03) 

The following status bits are further clarified in 
later registers and sections. These bits can be 

used to check what sequencer operation is taking 
place. 

REGISTER BIT DIR DEFINITION 

03 7 R OATFLO - data field active. This bit means that the either 
the BUFF or the NOXFER bit is now active from the control 
store. 

03 6 R EGGEN - checksum calculation active. The W01 OG01 A is 
now calculating the checksum. This status line usually en-
compasses the 10 or data field and checksum bytes, and is 
active during both read and write. 

03 5 R LAST - The LAST bit is now active from the control store. 

03 4 R 10 - The 10 bit is now active from the control store. 

03 3 R GHK - The GHK bit is now active from the control store. 
The W01 OG01 is now processing the checkbytes or 
syndromes for the GRG or EGG. 

03 2 R WAIT - The wait sequencer is waiting for an event such as 
index, sector mark, address mark, or byte sync. 

03 1 R AMOET - Address mark detect. This is the raw AMOET pin 
input. This pin can be used as an extra input bit in designs 
(such as ST506) that do not require this function. 

03 0 R SEOOUT - The SEOOUT bit is now active from the control 
store. 

TABLE 6-5. SEQSTS - SEQUENCER STATUS REGISTER 
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6.3.5 PVC - PORT V Configuration (03) 

This port is used to configure each port V bit for 
input or output. This register is cleared to zero by 

reset, which causes all port Y pins to become 
inputs. 

REGISTER BIT DIR DEANITION 

03 3 W PY3DIR - bit 3 direction: 0 = in; 1 = out 

03 2 W PY2DIR - bit 2 direction: 0 = in; 1 = out 

03 1 W PY1 DIR - bit 1 direction: 0 = in; 1 = out 

03 0 W PYODIR - bit 0 direction: 0 = in; 1 = out 

TABLE 6-6. PVC - PORT V CONFIGURATION (03) 
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6.3.6 Control Store Windows 

The heart of the WD10C01A is its control store 
memory, which is organized as 32 instruction 
words of 28 bits each. Each 28 bit instruction is 
divided into three 8 bit parts: the control byte, the 
value byte, and the count byte; and one 4 bit part: 
the error control byte. The window registers are 
used to access these bytes. The control store ad
dress is specified by writing to the START 
register. Any write to a control store window 
register causes the START register to automat
ically increment to the next address to facilitate 
loading. 

The contents of the control store are not affected 
by reset. 

6.3.6.1 CSERR - Control Store Error Control 
Byte Window (04) 

The transition of DAC from false to true, together 
with WG (in the control byte of the control store) 
or RCMP (read compare enable in the SEQCTL 
register), causes a one byte prefetch from the 
buffer. If an immediate fill character is used to 
specify the format data field or read compare byte 
(see below), and DAC is used to select the ECC 
.tor the data field, prefetch REQA signals are 
generated anyway. 

REGISTER BIT DIR DEFINITION 

04 3 RIW FAIL - Enable error failure. Setting this bit to one causes a 
command stop if an error is detected while executing the 
current control store instruction. The error can be 
CRC/ECC error, data miscompare error or a parity error 
during write operation. 

04 2 RIW RTY - Enable read error retry. This bit is valid only during 
read. Setting this bit to one causes a sector retry (see 
below) if a read error is detected while executing the cur-
rent control store instruction. An example of the use of this 
bit is to cause a retry on an ID field miscompare. 

04 1 RIW DAC - Data field active. Set this bit to one when the current 
control store instruction involves a data field operation. 
This signal is used to select the data field checksum (RS-
ECC) and to control data prefetch. When this bit is zero an 
ID field operation is assumed, and the ID field checksum 
(CRC) is selected. 

04 0 RIW SEQOUT - user defined output. This is tied to the 
SEQOUT output pin through some delays which align the 
signal to the byte boundary of the read or write serial data. 
This output can be used to control an external ECC circuit, 
such as a Reed-Solomon code circuit. 

TABLE 6-7. CSERR-CONTROL STORE ERROR CONTROL BYTE WINDOW 
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6.3.6.2 CSCTL - Control Store Control Byte 
Window (05) 

REGISTER BIT DIR DEFINITION 

05 7 RIW SVSEL - value byte select. This bit selects the use of the 
value byte, which can be either immediate data (SVSEL = 
0) or a select for data source or destination (SVSEL = 1). 

05 6 RIW CWSEL - count byte select. The bit selects the use of the 
count byte, which can be either an immediate byte count 
(CWSEL = 0) or to specify an external condition to wait for 
(CWSEL= 1). 

05 5 RIW WG - write gate output. This is tied directly to the WG out-
put pin. 

05 4 RIW RG - read gate output. This is tied to the retry logic, which 
is then tied to the RG output pin. 

05 3 RIW AM - address mark enable output. This is tied to the AMC 
register (see below) which generates the AMENA signal. 

05 2 RIW CMPEN - compare enable. This signal is used to indicate 
that the bytes of the currently selected data source are to 
be compared with incoming serial data (ID, marker bytes, 
buffer data). 

05 1 RIW SKPEN - jump to SKIP address at end of the current in-
struction. This causes an absolute jump to the SKIP 
register address when the current control store instruction 
is finished. Typically, this is used to set up a read and write 
program in the control store with a common ID search 
routine. (See later examples and SKIP register definition.) 

05 0 RIW JMPEN - jump to LOOP address at end of the current in-
struction. This causes a conditional jump to the LOOP 
register if the sector count (SECCNT) is not zero. If SEC-
CNT is zero, the next sequential instruction is executed. 
Typically, this is used to specify the end of a sector, and 
tells the sequencer to go to the LOOP register address to 
operate on the next sector. 

TABLE 6-8. CSCTL - CONTROL STORE BYTE WINDOW (05) 
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6.3.6.3 CSVAL - Control Store Value Byte 
Window (06) 

The use of the value byte depends on the state of 
the SVSEL bit of the control byte. When SVSEL is 
zero, the value byte specifies actual immediate 
data, like address mark, gap, and PLL sync bytes. 
When SVSEL is one, the value byte becomes an 
encoded bit field that enables the correct data 
source or destination. Both uses are shown 
below. 

PROGRAMMING REFERENCE 

To get large sector sizes, multiple control store 
instructions are used. For example, for a 1024 
byte sector size, use four instructions with 256 
byte count fields. With this scheme, the last in
struction must be flagged for error correction and 
write prefetch purposes. The LAST bit must be set 
with the BUFF or NOXFER bit to ensure proper 
operation. 

REGISTER BIT DIR I DEFINITION I 
06 7-0 RIW I VALUE7-0 (actual value for field) I 

TABLE 6-9. SVSEL of CONTROL BYTE ZERO 
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REGISTER BIT DlR DEFINITION 

06 7 RIW BUFF - data buffer. This bit causes data to be transferred 
to (disk read) or from (disk write or read compare) the disk 
data buffer. The leading edge of BUFF causes a decre-
ment of the SECCNT register, and increments the 10 write 
register counters (see below). 

06 6 RIW NOXFER - no data transfer. This bit is used when an 
ECC/CRC verify on the data field with no buffer data trans- II 
fer is being performed. This bit is set INSTEAD of the 
BUFF bit, and affects the SECCNT and 10 registers in the 
same way as the BUFF bit. 

06 5 RIW LAST - last data buffer xfer control store instruction. Long 
data fields (greater than 256 bytes) are specified by using 
multiple control store instructions (2 for 512 bytes, 4 for 
1024 bytes, etc.). When the control store instruction is the 
last instruction of the data field specifiers, the LAST bit 
must be set to flag this. This only applies to data buffer 
transfers. LAST is set in ADDITION to BUFF or NOXFER. 
The CSCNT byte must be set to at least 01 when this bit is 
used. 

06 4 RIW R/W 10 - 10 registers. On 10 read, the incoming 10 field 
from the disk is compared against the 10 write registers 
and written at the same time to the 10 read registers. On 
write (format), the data source is the 10 write registers. 

06 3 RIW CHK - checksum field. On read, this starts the check for a 
correct checksum. On write, this causes the checksum 
shift register to be gated into the NRZO data. In either 
case, the calculation is halted at the end of this instruction. 
The DAC bit in CSERR window selects the appropriate 
checksum automatically. 

TABLE 6-10. SVEL of CONTROL BYTE ONE 
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6.3.6.4 CSCNT· Control Store Count Byte specifies a condition to wait for before proceding. 
Both uses are shown below. Window (07) 

The use of the count byte depends on the state of 
the CWSEL bit of the control byte. When CWSEL 
is zero, the count byte specifies the actual length 
of that field in bytes. When CWSEL is one, the 
count byte becomes an encoded bit field that 

The count value is set to the actual number of 
bytes to do minus one. Therefore, 00 denotes a 
one byte field, and FF a 256 byte field. 

REGISTER DEFINITION 

07 COUNT7-0 (actual size of field - 1) 

TABLE 6·11. CWSEL of CONTROL BYTE ZERO 

REGISTER BIT DIR DEFINITION 

07 7 R/W WDAM - Wait for data address mark (ST 412 ONLY). This 
bit causes the WD1 OC01A to pause until a data address 
mark is detected at the AMDET input. Bits 6-0 specify a 
timeout count that is the maximum number of byte times 
from the end of the ID field to the data address mark. The 
value field is used to specify the data pattern to compare 
against for byte sync. 

07 6 R/W WIAM - Wait for ID address mark (ST412 ONLY). This bit 
causes the WD1 OC01 A to pause until an ID address mark 
is detected at the AMDET input. The value field is used to 
specify the data pattern to compare against for byte sync. 

07 5 R/W WIX - Wait for index. Pauses until index is detected at the 
INDEX input. 

07 4 R/W WSM - Wait for sector mark. Pauses until sector mark is 
detected at the SECTOR input. 

07 0 R/W STOP - Stop immediate. This bit causes the command se-
quencer to immediately turn off all control outputs and 
return to the stopped state. 

TABLE 6·12. CWSEL of CONTROL BYTE ONE 
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6.3.6.5 Wait Condition Sequences 

The following sequences are performed on the 
above wait conditions to ensure proper error han
dling: 

WDAM: 

WIAM: 

WD10C01A 

Wait for AMDET. Since 10 address marks 
could be found anywhere, there is no byte 
count, and the CPU must perform its own 
timeout. However, after AMDET is 
detected, the sequencer waits sixteen bit 
times for the sync byte in the value byte to 
be matched. The bit counter is decre
mented on each bit while the AMDET sig-
nal is active. If this bit count is exceeded II 
this is considered a sync error, and (if th~ 
control store RTY bit is set) a retry is per-
formed (10 retry is discussed in a later 
section). Checksum calculation starts 
when the sync byte is detected, and the 
sync byte is included in the calculation. 

Wait for AMDET. If the byte count is ex
ceeded, a sync error is recorded, and (if 
the control store FAIL bit is set) the com
mand halts. When AMDET is detected 
correctly, the sequencer waits sixteen bit 
times for the sync byte in the value byte to 
be matched. The bit counter is decre
mented on each bit while the AMDET sig
nal is active. If this bit count is exceeded 
this is also a sync error. When a syn~ 
error occurs, the sequencer will stop or 
retry as defined by the control store FAIL 
and RTY bits. Checksum calculation starts 
when the sync byte is detected, and the 
sync byte is included in the calculation. 

WIXandWSM: 

11/19/91 

The signal (index or sector mark) is waited 
on forever. The CPU must perform its own 
timeout and issue the KILL bit to the 
SEQCTL register to stop the command 
(see below). To do a wait for either index 
or sector mark (typical on hard sector 
drives), set both WIX and WSM. 
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6.4 DEVICE CONTROL GROUP 

The device control group is used to set and read 
port X, Y, and Z bits for drive control. It is also 
used to execute data transfer commands with the 
sequencer, and correct ECC errors. 

6.4.1 PORTX - PORTX Output Bits (08) 

This register is cleared to zero by reset. The state 
of the output bits may be read back, allowing for 
read/modify/write operation. 

REGISTER DEFINITION 

08 PX7-0 (direct to output pins) 

TABLE 6-13. PORTX OUTPUT BITS (08) 

6.4.2 PORTY - PORT Y I/O Bits (09) 

The direction of each bit is controlled by the Port 
Y Control Register (03). If a particular bit is set for 
input, then the state of the external pin is read by 
a read of this port. If the bit is set for output, then 
the last state written to that bit is read (same as 
Port X). Writing to this register does not affect bits 
configured for input. Reset sets all bits to input, 
but does not affect the output latched data. 

REGISTER DEFINITION 

09 

6.4.3 PORTZ - PORT Z INPUT BITS (OA) 

I REGISTER I BIT I DIR DEFINITION 

I OA I 5-0 I R PZ5-0 (direct from input pins) 

TABLE 6-15. PORTZ INPUT BITS (OA) 
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6.4.4 AMC - Address Mark Control (OA) 

The AMC register defines during which bit times 
the AMENA signal is active. When AM is set in the 
control store control byte of the current instruction, 
the AMENA signal will be active during the bit 
times specified in this register. This register is not 
affected by reset. Note that the bits in this register 

WD10C01A 

are ordered backwards from the data bus num
bering; i.e., writing 01 to this register will turn on 
AMENA when bit 7 of the serial data stream is 
active on NRZO. 

,-------,-----.-----.-------a 
REGISTER DEFINITION 

OA W Address mark bit control bit 0-7 

TABLE 6-16. AMC - ADDRESS MARK CONTROL (OA) 
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6.4.5 SEQCTL - Sequencer Control Register 
(OB) 

REGISTER BIT DIR DEFINITION 

08 7 W RGERLY - read gate early bit. This bit controls the timing 
of RG signal. If the bit is set to zero, the RG signal is ex-
tended automatically until the ECC/CRC calculation is 
finished. Setting this bit to one will disable this feature. 

08 3 W IXMASK - index interrupt mask. This bit is used with the 
SMMASK bit to select the conditions for the SM$IX inter-
rupt (see table below). 

08 2 W SMMASK - sector mark interrupt mask (see table below). 

08 1 W RCMP - enable read compare. This bit MUST be set when 
performing a read data compare command with the data 
buffer. It is used to change the buffer access from write buff-
er to read buffer. 

08 0 W KILL - immediately kill the currently executing command. 
The sequencer will stop within three byte times. This bit 
must be asserted for at least 2 bytes time. 

08 5 R ECCERR - checksum error. An ECC or CRC error has 
been detected. This bit is valid when the sequencer is 
stopped. If the control bit IGNERR in ECCCTL is turned on, 
this status bit will always be zero and the sequencer will 
continue its operation ignoring the error condition. 

08 4 R 10ERR - 10 checksum error. A CRC 10 field error occurred 
during the previous 10 field read. This condition is latched 
when a checksum error causes an 10 retry, and is cleared 
at the start of the next 10 field read (10 false to true transi-
tion). 

08 3 R PTYERR - parity error. A parity error during a transfer from 
the data buffer to the W01 OC01A occurred during the pre-
vious command. If FAIL bit is set in the current CS instruc-
tion, the sequencer will stop its operation at the end of cur-
rent instruction and WG output will be deasserted. This bit 
is valid only after the sequencer is stopped. 

08 2 R SYNCER - sync search error. The search for a data field 
marker byte or sync byte failed. This bit is valid when the 
sequencer is stopped. 

08 1 R CMPERR - compare data error. A field that was compared 
against some specified data source compared incorrectly. 
This bit is valid when the sequencer is stopped. 

TABLE 6-17. SEQCTL - SEQUENCER CONTROL REGISTER (08) 
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This register is not affected by reset. The IXMASK 
and SMMASK select the conditions for the SM$IX 
interrupt. Note that these mask bits are used to 
select only the source, and do not affect or enable 
the external interrupt signal. The table below 
defines the use of the SM$IX source mask bits: 

SMMASK IXMASK SM$IX set true on 
leading edge of: 

0 0 nothing 

0 1 INDEX 

1 0 SECTOR 

1 1 INDEX OR SECTOR 

6.4.6 START - Sequencer Start Address (OC) 

The START register is not affected by reset. This 
register is actually two devices: the START hold
ing register, and the control store address counter. 
When the CPU writes to this port, the data bus 
value is latched into both the holding register and 
the address counter. The holding register is af
fected only by CPU writes, but the counter is in
cremented or reloaded by several different 
events. The START register is used for the follow
ing functions: 

1. The START register specifies the starting 
address in the control store for the pro
gram loaded there. When the CPU writes 
to the SECCNT register (see below), and 
the sequencer is stopped, the sequencer 
loads the contents of the holding register 
into the address counter and starts with 
the instruction at that location. 

2. Reading this port gives the current con
tents of the control store address counter. 
Reading the counter while the sequencer 
is running indicates which control store in
struction is currently being executed. It is 
recommended that the CPU 'debounce' 
this port by reading the START register 
until the same value is read twice. This 
prevents erroneous values being read at 
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transition times. Reading the counter 
when the sequencer is stopped indicates 
where in the control store the condition 
causing the last halt occurred. This can be 
used to determine in which instruction an 
EGC or other fatal error occurred. 

3. The START register is used to specify the 
current address for control store window 
access. See control store windows above. 
The control store address counter is auto
matically incremented after any write to a 
control store window register (CSERR, 
CSCTL, CSVAL, or CSCNT). 

4. Writing to the START register clears error 
conditions. When a read error occurs, 
causing the command to halt (see FAIL bit 
in CSERR above), the error status is 
latched in the SEQCTL register. A write to 
the START register clears EGCERR, 10E-
14E, CERR, EERR, SYNCER, CMPERR, 
and also PTYERR (which does not cause 
a halt). This must be performed prior to 
issuing any new commands. If SECCNT is 
non-zero, the sequencer will start as soon 
as the error is cleared. 

While the sequencer is running, the control store 
address counter is the program counter, and 
points at the current instruction being executed. 
The address in the counter can be changed by 
the following events during program execution: 

1. At the end of an instruction that has the 
SKPEN bit set, the address counter is 
loaded with the contents of the SKIP 
register. 

2. At the end of an instruction that has the 
JMPEN bit set, if the SECCNT register is 
not zero (Le., more sectors to do), the ad
dress counter is loaded with the contents 
of the LOOP register. If SECCNT is zero, 
the address counter is incremented and 
the next sequential instruction is executed. 

REGISTER BIT I DIR 1 DEFINITION 

OC 4-0 1 R/W 1 START4-0 

TABLE 6-18. START - SEQUENCER START ADDRESS (OC) 
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3. If an instruction has the RTY bit set, and 
an error flag is currently set (ECCERR, 
CMPERR, or SYNCER), a retry occurs 
and the address counter is loaded with the 
contents of the LOOP register. 

4. If a program halts due the STOP bit being 
set (i.e., the normal end of the program 
with SECCNT zero), and the CPU writes 
to the SECCNT register with more blocks 
to do before it detects the stopped condi
tion, the sequencer will restart using the 
current value of the START holding 
register. This prevents erroneous restarts 
from occurring. 

5. In all other cases, the control store address 
counter is incremented and the next se
quential instruction is executed. 
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6_4.7 LOOP - Sequencer Loop Address (OD) 

The LOOP register specifies the address to set 
the START value to at the end of a control store 
instruction that has the JMPEN bit set in the con
trol byte. This also happens when an 10 retry oc
curs (see below). The use of the LOOP register is 
based on the idea that all sector operations are 
sequential in nature, and that when the operation 
is complete, a single jump back to the start of the 
sequential sector operation is all that is needed. 
This register is not affected by reset. 

REGISTER I BIT DIR DEANITION 

00 I 4-0 W LOOP4-0 (address to loop to in loop) 

TABLE 6-19. LOOP - SEQUENCER LOOP ADDRESS (OD) 
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6.4.8 ECCCTL - Error Correction Control 
Register (OE) 

CRCSET and ECCCLR must be set high and 
then low to complete the preset or clear operation. 
All bits in this register are cleared to zero upon 
reset time. 

REGISTER BIT DIR DEFINITION 

OE 5 W ECCCLR - clear CRC and ECC shift register. Writing one 
to this register causes the CRC and ECC shift register to 
be held in the clear (all bits zero) state. The CPU must then 
write zero to this bit to complete the clear pulse. 

OE 4 W CRCSET - preset CRC shift register. Writing one to this 
register causes the CRC shift register to be held in the 
preset (all bits one) state. The CPU must then write zero to 
this bit to complete the preset pulse. 

OE 3 W CRCNIT - CRC shift register initial state. This bit selects 
whether to start the CRC shift register with all zeros 
(CRCNIT = 0) or all ones (CRCNIT = 1) when starting 
checksum calculation. 

OE 2 W IGNERR - ignore CRC/ECC error. Forces ECCERR bit in 
the SEOCTL register to zero, and causes the read error 
logic to ignore this error by continuing with its operation. 
The status bit EERR/CERR in the ECCS register is not af-
fected by this control bit and will be set on error. 

OE 1 W DISPTY: disable parity checking. Setting this bit to one for-
ces the PTYERR bit in the SEOCTL register to zero. Even 
if the FAIL bit in the current CS instruction is set, the se-
quencer will continue its operation normally on parity error. 

TABLE 6-20. ECCCTL - ERROR CORRECTION REGISTER (OE) 
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6.4.9 SECCNT - Sector Count Register (OF) 

The sector count register is used to specify the 
number of iterations to perform the operation 
programmed into the control store. Writing any 
non-zero value to the SECCNT register causes 
the sequencer to start, so therefore the range of 
possible sector counts is from 1 to 255. Writing a 
zero to SECCNT during the data field will cause 
the sequencer to halt at the end of the current 
sector. The sector count is automatically decre-
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mented at the start of the data field, after the byte 
sync or address mark character(s) have been 
detected (leading edge of BUFF or NOXFER). 
The SECCNT register can be written to at any 
time except the start of the data field. 

This register is cleared to zero by reset, or when 
the KILL bit in the SEQCTL register is set. It is 
NOT cleared by a halt on error, so that the sector 
in error can be determined. 

REGISTER DEFINITION 

OF Sector count value 

TABLE 6-21. SECCNT - SECTOR COUNT REGISTER (OF) 
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6.4.10 ECCP- ECC Parameter Register (10) 

REGISTER BIT DIR DEFINITION 

10 3 W SYNGEGG - include sync byte in the EGG calculation. This 
bit is initialized to one upon reset. If this control bit is set to 
one, the EGG calculation begins with the first data sync 
byte. Otherwise, the first data sync byte is excluded from 
the EGG calculation. 

10 2 W WSYNGGRG - include sync byte in the GRG calculation. 
This bit is initialized to one upon reset. If this control bit is 
set to one, the GRG calculation begins with the first ID sync • I 

byte. Otherwise, the first data sync byte is excluded from 
the GRG calculation. 

10 1 W DEG6/S - RS EGG degree control bit. This bit is initialized 
to zero upon reset. If this bit is set to zero, degree S polyno-
mial is selected, otherwise degree 6 will be used. 

10 0 W WIFSS/3 - Interleave select. This bit is initialized to zero 
upon reset. Setting this bit to one will select five way inter-
leave format, otherwise three way format will be used. 

TABLE 6-22. ECCP - ECC PARAMETER REGISTER (10) 
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6.4.11 ECCS· RS·ECC Status Register (11) 

REGISTER BIT DIR DEFINITION 

11 6 R EERR - EGG error detected. This bit is set whenever an 
EGG error is detected in anyone of the interleaves. At least 
one of the status bits 14E - 10E will also be set. This bit is 
cleared to zero after reset and before another operation is 
started. This bit is not affected by the control bit IGNERR, 
which prevent the status EGGERR from being set. 

11 5 R GERR - GRG error detected. This status bit is set whenever 
a GRG error is detected in the ID field. This bit is cleared 
upon reset. The control bit IGNERR does not affect this 
status bit. 

11 4 RIW 14E - EGG error in interleave 4. This bit is set only when an 
EGG error is detected in the interleave 4. The microproces-
sor can read the syndrome bytes from this interleave only 
when this status bit is set. This status bit is cleared upon 
reset. It also be cleared by writing a zero into this bit. 

11 3 RIW 13E - EGG error in interleave 3. This bit is set only when an 
EGG error is detected in the interleave 3. Jhe microproces-
sor can read the syndrome bytes from this interleave only 
when this status bit is set. This status bit is cleared upon 
reset. It also be cleared by writing a zero into this bit. 

11 2 RIW 12E - EGG error in interleave 2. This bit is set only when an 
EGG error is detected in the interleave 2. The microproces-
sor can read the syndrome bytes from this interleave only 
when this status bit is set. This status bit is cleared upon 
reset. It also be cleared by writing a zero into this bit. 

11 1 RIW 11 E - EGG error in interleave 1. This bit is set only when an 
EGG error is detected in the interleave 1. The microproces-
sor can read the syndrome bytes from this interleave only 
when this status bit is set. This status bit is cleared upon 
reset. It also be cleared by writing a zero into this bit. 

11 0 RIW 10E - EGG error in interleave o. This bit is set only when an 
EGC error is detected in the interleave O. The microproces-
sor can read the syndrome bytes from this interleave only 
when this status bit is set. This status bit is cleared upon 
reset. It also be cleared by writing a zero into this bit. 

TABLE 6·23. ECCS· RS·ECC STATUS REGISTER (11) 
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6.4.12 SPORT - Syndrome Port (12) 

The microprocessor reads the syndrome bytes for 
each interleave through this port. The WD10C01A 
automatically transfers the syndromes of the next 
interleave in error after all the syndromes in the 
current interleave are read. The microprocessor 
must read (interleave number * ECC degree) 
times from this port to complete a syndrome 
transfer from an interleave. The syndrome bytes 
are transferred starting with the highest byte from 
the lowest interleave number. Only the 
syndromes from an interleave in error are trans
ferred. If the microprocessor clears the error flag 
from an interleave, the syndromes from that inter
leave cannot be read, but the content of the 
syndrome registers are 110t destroyed. Those can 
be read by reseting the error flag to one. 

The syndrome bytes are valid only when sequen
cer is stopped. The syndrome registers are 
cleared upon reset. 
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6.4.13 TEST - Test Register (16) 

This register is intended for test purpose in the 
manufacturing and must not be used in normal 
operations. It is described here only for reference. 

There are three test functions implemented in this 
register. First, writing into this register with any 
data, will set the OSC and CPUCLK outputs in a 
predetermined state. During the write cycle, the 
OSC output is set to 0 level and the CPUCLK 
output is set to a 1 level. 

Second, the microprocessor can write 080H into 
this register to disable the output signal WG. This 
signal will remain inactive until the microprocessor 
writes a OOH into the register. 

Third, the microprocessor can write OCOH into the 
register to increment the ID registers. Sub
sequently, the microprocessor must write OOH, 
before it can continue to increment the registers 
again. The output WG is also disabled during the 
test operation. 

REGISTER DEFINITION 

12 R SYNDR7-0 - Syndrome bit7-bitO. 

TABLE 6-24. SPORT - SYNDROME PORT (12) 
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6.4.14 SKIP - Skip Address Register (17) 

This register is not affected by reset. The SKIP 
register is used to perform an absolute jump to 
the location specified at the completion of a con
trol store instruction that has the SKPEN bit set to 
one. This can typically be used to define whether 
the current operation is to be a sector read or a 
sector update write. Consider the following 
generalized control store program that has three 
parts: 10 search, read data field, and write data 
field. 
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When the SKIP register is set to address 05, the 
WD10C01A will perform a sector read operation. 
When the SKIP register is set to address OC, the 
WD10C01A will perform a sector write operation. 
A more detailed example can be found in a sub
sequent section of this document. 

REGISTER BIT DIR DEFINITION 

17 4-0 W SKIP4-0 

TABLE 6-25. SKIP - SKIP ADDRESS REGISTER (17) 

ADDRESS CONTROL STORE 
OPERATION 

00 10 SEARCH 

01 10 SEARCH 

02 10 SEARCH 

03 10 SEARCH 

04 10 SEARCH (SKPEN bit set) 

05 READ DATA FIELD 

06 READ DATA FIELD 

07 READ DATA FIELD 

08 READ DATA FIELD 

09 READ DATA FIELD 

OA READ DATA FIELD 

08 STOP 

OC WRITE DATA FIELD 

00 WRITE DATA FIELD 

OE WRITE DATA FIELD 

OF WRITE DATA FIELD 

10 WRITE DATA FIELD 

11 WRITE DATA FIELD 

12 STOP 

TABLE 6-26. SKIP CONTROL STORE 
EXAMPLE 
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6.5 10 REGISTER GROUP 

The eight 10 registers (100 - 107) are used to set 
the 10 field during format and read/write opera
tions. Writing to the 10 registers sets the field to 
search for, or to write during format. These 
registers are refered to as the 10 write registers. 
The first four 10 write registers are set up as a 
32-bit counter, and they automatically increment 

at the start of the data field. The second four are 
simple registers and are intended for use as flag 
and defect indicators. 

The 10 read registers contain the last 10 field read 
from the media (valid when 10FULL in SISR is 
true). These registers must be read when the se
quencer is NOT reading an 10 field, or else the 
CPU will not read the correct value . 

REGISTER BIT OIR DEFINITION 

18 7-0 RIW 100 bits 7-0 (counter MSbyte) 

TABLE 6-27.100 -10 REGISTER 0 (18) 

REGISTER BIT I DIR I DEFINITION 

19 7-0 T RIW I 101 bits 7-0 (counter) 

TABLE 6-28.101 -10 REGISTER 1 (19) 

REGISTER I BIT DlR DEFINITION 

1A I 7-0 R/W 102 bits 7-0 (counter) 

TABLE 6-29.102 -10 REGISTER 2 (1A) 

REGISTER BIT DIR DEFINITION 

18 7-0 R/W 103 bits 7-0 (counter LSbyte) 

TABLE 6-30. 103 - 10 REGISTER 3 (1 B) 
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REGISTER DEFINITION 

1C 104 bits 7-0 (flag) 

TABLE 6-31.104 -10 REGISTER 4 (1C) 

REGISTER BIT DlR DEFINITION 

10 7-0 RIW 105 bits 7-0 (flag) 

TABLE 6-32. 105 - 10 REGISTER 5 (1 D) 

I REGISTER BIT DIR DEFINITION 

I 1E 7-0 RIW 106 bits 7-0 (flag) 

TABLE 6-33.106 -10 REGISTER 6 (1E) 

REGISTER BIT DIR DEFINITION 

1E 7-0 RIW 107 bits 7-0 (flag) 

TABLE 6-34. 107 - 10 REGISTER 7 (1 F) 
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6.6 DEVICE PROGRAMMING 

6.6.1 Initialization 

1. Write one and then zero to the SRST bit of 
the SRESET register to complete the 
device reset sequence. 

2. Write the remainder of the bits of the 
SRESET register to the CPU and OSC 
clock speeds, and ID counter size and 
data request timing. 

3. CI~':lr all interrupts that can be cleared by 
writing OFFH to the SISR (some may still 
be set because they are level true). Write 
the initial mask to the SIMR. 

4. Configure port Y. 

5. Configure the address mark control bits 
using the AMC register. 

6. Set up the ECC by programming the EC
CCTL and ECCP registers. Set CRCNIT in 
the ECCCTL register to the appropriate 
value for a zero seed or a one's seed. 

7. Load the control store program into the 
control store. 

6.6.2 Command Programming 

1. Load the control store with the particular 
instructions appropriate for the command 
desired (format, read, write, etc.), if neces
sary. 

2. Set the START, LOOP, and SKIP registers 
to the appropriate values for the control 
store program. 

3. Write the number of sectors to do to SEC
CNT. This also starts the command se
quencer. 

4. Clear the interrupt status bits, and set the 
mask. 

5. Wait for SEQSTP. Check the SEQCTL and 
ECCS status bits for an error. 

WD10C01A 

6.6.3 Control Store Programming 

There are a few 'tricks' in programming the 
WD10C01A control store that are not indicated by 
the discussions of the individual control bits: 

READ BYTE SYNC 

On formats that use a simple by1e sync byte (like 
ESDI) for ID and data field markers, the search is 
performed by setting the control byte bits RG and Ell 
CMPEN, and the count field is set with a maxi- I 
mum by1e timeout count. The condition of no byte 
sync yet found, and RG * CMPEN set, defines 
this mode. AMDET is not used and has no effect 
on this operation. Checksum calculation starts 
~~en the s~nc byte is detected, and the sync byte 
IS Included In the calculation. 

WRITE BYTE SYNC 

Write byte sync is used to mark the start of the 
byte string for which the ECC/CRC checksum is 
calculated. To do this, set WG and CMPEN in the 
control byte. The start of the control store instruc
tion with WG and CMPEN set clears the check
sum register to the state defined by CRCNIT. The 
transition to the next instruction begins the check
sum calculation. For example, in a ST412 drive 
the ID field might be defined by the byte string: A1 
FE ID 10 10 FLAG ECC ECC ECC ECC; with PLL 
sync before, and gap after. The control store in
structions would be coded as follows. 
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ADDRESS DATA COUNT CONTROL ERROR 

00 00 OB WG,CMPEN PLL sync field 

01 A1 00 WG,AM address mark 

02 FE 00 WG address marker 

03 10 02 WG,SVSEL 10 field 

04 10 00 WG,SVSEL flag byte 

05 CHK 03 WG,SVSEL checksum 

06 00 03 WG pad and splice 

TABLE 6-35. WRITE BYTE SYNC EXAMPLE 

In the example, control store instruction 00 con
tains the WG-CMPEN combination that says to 
begin checksum calculation on instruction 01; 
therefore, the bytes defined in instructions 01 
through 05 are included in the checksum calcula
tion. The calculation is terminated by the CHK 
value code in instruction 05. 

DATA FIELD SIZES 

The data field size is set by using multiple control 
store instructions to build up the size in 256 (or 
less) increments. Two issues come up with this 
method: 

1) The last data field instruction must be 
marked to ensure correct buffer data 
transfer timing and checksum calculation. 
The LAST bit is used with the BUFF or 
NOXFER bit to perform this marking. 

2) For programming purposes, it is desirable 
to not have to change the control store 
significantly when changing sector size. To 
do this, allocate enough control store in
structions to be able to set the largest sec
tor size to be supported. Then, adjust the 
count fields in all of the instructions to get 
the desired sector size. For example, if a 
controller supports 256, 512, and 1024 
byte sectors, use the programming shown 
in the example below: 

Rei Addr Counts for 

256 512 1024 

00 3F 7F FF 

01 3F 7F FF 

02 3F 7F FF 

03 3F 7F FF 

TABLE 6-36. DATA FIELD SIZE EXAMPLE 

If the LAST bit is being used as an interrupt, the 
last instruction can be split into two parts. The 
second part contains the LAST bit, and can be 
adjusted to the required time before the end of the 
sector, since the leading edge of LAST generates 
the interrupt. 

ID SEARCH AND FLAG BYTES 

When specifying an 10 field, it is desirable to have 
address bytes that are compared on a search, 
and flag bytes that are not. To do this, split the 10 
field in the control store into two separate instruc
tions for address and flag. When performing an 10 
search, set the CMPEN bit only in the 10 address 
instruction, and not in the 10 flag instruction. 

DATA CHECKSUM VERIFY 

To do a data field ECC or CRC verify only com
mand, set the data field source as NOXFER. No 
data will be transferred to the buffer. 
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DATA COMPARE VERIFY 

To do a data field compare verify, set the RCMP 
bit in the SEQCTL register, and set the CMPEN 
bit in the data field control store instruction. Data 
will be transferred from the data buffer and com
pared with the incoming disk data. 

FILL GAP TO END OF TRACK 

To generate fill data through to the end of the 
track during format, set the WIX bit in the la~t 
control store instruction, and set WG and the fill 
character. The WD10C01A will fill in gap bytes 
until index occurs. This also works for gaps to 
sector marks. 

WD10C01A 

6.6.4 Programming Examples 
This section gives programming examples for 
ST412 format, read, and write commands. The 
following design parameters are assumed: 

1. The 10 field is three bytes of address, one 
byte of flag, and two bytes of CRC. 

2. Intersector gaps are 20 bytes of 04EH 
data, PLL sync fields are 12 bytes of II 
OOOH. 

3. 10 address mark and marker byte are 
OA 1 FEH, data address mark and marker 
byte are OA1F8H. 

4. Data field is protected through degree six 
ECC with interleave factor of five. There 
are 30 bytes of checksum. 

The WD10C01A registers are programmed as fol
lows: 

SRESET: 103$4 = 1 (3 bytes of address counter) 
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6.6.4.1 Format Track Example 

ADDRESS VALUE COUNT CONTROL NOTES 

00 00 WIX GWSEL start on index 

01 4E 13 WG post index gap 

02 00 DB WG, GMPEN PLL sync 

03 A1 00 WG,AM address mark 

04 FE 00 WG address mark 

05 10 03 WG,SVSEL 10 address & flag 

06 GHK 01 WG,SVSEL GRG 

07 00 02 WG write splice 

08 00 DB WG, GMPEN data PLL sync 

09 A1 00 WG,AM,OAG address mark 

OA F8 00 WG,OAG address mark 

DB BUFF 7F WG, SVSEL,OAG data field 

OG BUFF 7F WG, SVSEL,OAG data field 

00 BUFF 7F WG, SVSEL,OAG data field 

DE BUFF, LAST 7F WG, SVSEL,OAG data field 

OF GHK 10 WG, SVSEL,OAG EGG 

10 00 02 WG,JMPEN,OAG write splice 

11 4E WIX WG,GWSEL pre-index gap 

12 00 STOP GWSEL stop at end of 
track 

START = 00, LOOP = 01, SKIP = NOT USED 

TABLE 6·37. FORMAT TRACK EXAMPLE CONTROL STORE 

Line by line discussion of Format Track Example: 

00: This instruction just waits until the leading 
edge of index. No writing is occurring. If there is 
no index signal working on the drive, the GPU will 
have to timeout and issue an abort. The OAG bit 
is zero to select the checksum for the 10, as 
specified by the SRESET register. 

01: This instruction is the standard 4E gap from 
index to the start of the first sector. This instruc
tion is also the intersector gap, because after the 
data field write splice on instruction 11 is written, 
the W010G01A will jump to this address specified 
by the LOOP register. 

02: This instruction is the PLL sync field for the 10 
field. The WG - GMPEN combination also marks 

the start of the GRG calculation starting with in
struction 03. 

03: This is the first address mark byte for the 10 
field. The AM bit generates AMENA with the AMG 
register, suppressing the clock bit in the A 1 byte. 

04: This is the second address mark byte, and is 
treated as simple immediate data for format pur
poses. 

05: This is the 10 address and flag field. 

06: 10 GRG field. The count field is set to (2-1) 
bytes for the 10 GRG. The end of this instruction 
also stops the checksum calculation. 
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07: 10 write splice and data PLL sync field. This 
gap protects the end of the 10 field from the start 
of the data field on later update write commands. 

08: Data PLL sync field. The WG - CMPEN com
bination also marks the start of the ECC calcula
tion starting with instruction OA. The DAC bit is set 
here to select the data field checksum, and in this 
case it also causes a one byte prefetch from the 
buffer. 

09: This is the first address mark byte for the data 
field. The AM bit generates AMENA with the AMC 
register, suppressing the clock bit in the Ai byte. 

OA: This is the second address mark byte, and is 
treated as simple immediate data for format pur
poses. 

OB·OD: These are the first three instructions that 
define the sector data field. The data field is split 
into four control instructions so that switching be
tween sector sizes will not require reordering the 
control store data (see above). The example 
shows a 512 byte sector. 

OE: The last instruction of the data field marks the 
end of the data field using the LAST bit set with 
BUFF. 

OF: Data ECC field. ECC degree six with inter
leave factor of five is used, the count field is set to 
(30-1) bytes. The end of this instruction also stops 
the checksum calculation. 

10: Data field write splice. This instruction pads 
the end of the data field, making sure that the 
checksum is not lost by the drive. The JMPEN bit 
is also set in this instruction, meaning that the 
next instruction to be accessed will be the one 

WD10C01A 

addressed by the LOOP register, in this case 01. 
This happens only if SECCNT is not zero. If SEC
CNT is zero, the next control instruction is 11. 

11: After the last sector, SECCNT is zero. After 
instruction 10 is done, the next instruction will be 
this one instead of instruction 01 (LOOP register). 
This instruction writes the 4E gap until index. 

12: The STOP bit causes the sequencer to shut 
down immediately and turn off all external signals 
(like WG, etc.). 

The CPU performs the FORMAT TRACK com
mand as follows: 

1. After setting up the control store and ad
dress registers as defined above, write the 
total sectors per track to the SECCNT 
register. 

2. Write DXFER, FAULT, and SEQSTP true 
to the SISR register to clear those status 
bits, and to the SIMR register to enable 
them. 

3. Wait until GINT is true with a timeout in 
case INDEX is not present on the inter
face. Check FAULT for error, and abort if 
true. If DXFER goes true, update the 10 
write registers with the next 10 field (when 
using non-consecutive, i.e., not 1:1 inter
leave). 

4. Repeat step 3 for all sectors on the track. 

5. After the last sector, wait for SEQSTP to be 
true, indicating the end of the command. 
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6.6.4.2 Read Sector Example 

ADDRESS VALUE COUNT CONTROL NOTES 

00 A1 WIAM RG,CWSEL, RTY address mark 
search 

01 FE 00 RG,CWSEL, RTY ID marker byte 

02 ID 02 RG, SVSEL, ID address 
CMPEN 

03 ID 00 RG,SVSEL ID flag 

04 CHK 01 RG,SVSEL CRC 

05 00 03 RTY allow I D retry 

06 A1 WDAM (1F) RG, CWSEL, address mark 
DAC, FAIL search 

07 F8 00 RG, CWSEL, data marker byte 
DAC, FAIL 

08 BUFF 3F RG, SVSEL, DAC data field 

09 BUFF 3F RG, SVSEL, DAC data field 

OA BUFF 3F RG, SVSEL, DAC data field 

OB BUFF, LAST 3F RG, SVSEL,DAC data field 

OC CHK ID RG, SVSEL,DAC ECC 

OD 00 02 JMPEN,DAC, end of sector 
FAIL 

OE 00 STOP WG, SVSEL,DAC stop at end of 
read 

START = 00, LOOP = 00, SKIP = NOT USED 

TABLE 6-38. READ SECTOR EXAMPLE CONTROL STORE 

Line by line discussion of Read Sector example: 

00: This is the first instruction' of the read sector 
command. The WIAM bit tells the WD10C01A to 
search for an I D address mark byte. The 
WD10C01A will not timeout, so the CPU will have 
to abort after some period of time, if necessary. 
The DAC bit is zero during the ID field to select 
the ID checksum. The RTY bit is set so that if a 
read error (in this case, no sync match after 
AMDET true) occurs, a retry will be performed. 

01: This tells the WD10C01A to verify the ID 
marker byte. If it does not compare exactly, an ID 
retry occurs (see below) because the RTY bit is 
set. 

02: This is the ID address field. The CMPEN bit 
causes a compare of the ID write registers with 
the incoming ID field. The incoming ID is also 
written to the ID read registers. 

03: This is the ID flag field. This control store 
instruction is separate from the ID address field 
because the flag byte is not compared with the ID 
write register. It is still written to the ID read 
register. 

04: ID CRC field. The count field is set to (2-1) 
bytes for the ID CRC. This instruction switches 
the checksum shift register into check mode. 

05: This instruction is both a pad over the write 
splice and a check for an ID retry. The ID com
pare status and checksum error status are latched 
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and held, and the RTY bit is now set, allowing the 
checking of this status. An 10 retry occurs if the 10 
did not match, or if there was a checksum error. 
The checksum error is latched into the IDERR bit 
for future reference. We waited until this instruc
tion to check for an error so that the 10 read 
registers could be loaded with this 10 field. 

06: The WDAM bit tells the WD10C01A to look for 
the data address mark. The (1 F) indicates the 
byte count that is loaded into the byte count. This 
value is the maximum number of byte times that 
the WD1 OC01 A will look for the address mark. 
This prevents locking up on a subsequent data 
field address mark. An error here causes an im
mediate halt, with SYNCER set in the SEQCTL 
register, because the FAIL bit is set. 

07: This is the data marker byte. The CMPEN bit 
indicates that the byte must compare exactly with 
the immediate data byte. An error here causes an 
immediate halt, with SYNCER set in the SEQCTL 
register, because the FAIL bit is set. 

08-0A: These are the first three instructions that 
define the sector data field. The data field is split 
into four control instructions so that switching be
tween sector sizes will not require rearranging the 
control store data (see above). The example 
shows a 256 byte sector. On ECC verify com
mands, change BUFF to NOXFER. On compare 
verify commands, set BUFF, the CMPEN bit in the 
control byte, and RCMP in the SEQCTL register. 

OB: The last instruction of the data field marks the 
end of the data field using the LAST bit set with 
BUFF. LAST must be used for BUFF or NOXFER. 

oc: Data ECC field. ECC degree six with inter
leave factor of five is used, the count field is set to 
(30-1) bytes. This instruction switches the check
sum shift register into check mode. 

WD10C01A 

00: The purpose of this instruction is to turn off 
RG, resetting any external data decoder circuits. 
The JMPEN bit is also set in this instruction, 
meaning that the next instruction to be accessed 
will be the one addressed by the LOOP register, 
in this case 00. This happens only if the SECCNT 
register is not zero. If SECCNT is zero, the next 
instruction is 12. The FAIL bit is also set, causing 
the checksum status to be checked, and if there 
was an error, the command stops, with ECCERR 
set in the SEQCTL register. 

OE: After the last sector, the SECCNT register is 
zero. After instruction 00 is done, the next instruc
tion will be this one instead of instruction 00 
(LOOP register). This instruction stops the com
mand immediately. 

The CPU performs the READ SECTOR command 
as follows: 

1. After setting up the control store and ad
dress registers as defined above, write the 
sector count to the SECCNT register to 
start the transfer. 

2. Write FAULT, IDFULL, and SEQSTP true 
to the SISR register to clear those status 
bits, and to the SIMR register to enable 
them. 

3. Wait until GINT is true with a timeout in 
case INDEX is not present on the inter
face. Check FAULT for error, and abort if 
true. If IDFULL is true, perform any checks 
on the value in the 10 FIFO. If SEQSTP is 
true, make sure that no error occurred that 
must be serviced. Clear the status ser
viced. 
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6.6.4.3 Write Sector Example 

ADDRESS VALUE COUNT CONTROL NOTES 

00 A1 WIAM RG,CWSEL, RTY address mark 
search 

01 FE 00 RG,CMPEN, RTY 10 marker byte 

02 10 02 RG, SVSEL, 10 address 
CMPEN 

03 10 00 RG,SVSEL 10f/ag 

04 CHK 01 RG,SVSEL CRC 

05 00 02 RTY wait past splice 

06 00 DB WG, CMPEN, PLLsync 
OAC 

07 A1 00 WG,AM,OAC address mark 

08 F8 00 WG,OAC data marker byte 

09 BUFF FF WG, SVSEL,OAC data field 

OA BUFF FF WG, SVSEL,OAC data field 

DB BUFF FF WG, SVSEL,OAC data field 

DC BUFF, LAST FF WG, SVSEL,OAC data field 

00 CHK 10 WG, SVSEL,OAC ECC 

DE 00 02 WG,JMPEN,OAC write splice 

OF 00 STOP CWSEL stop at end of 
cmd 

START = 00, LOOP = 00, SKIP = NOT USED 

TABLE 6-39. WRITE SECTOR EXAMPLE CONTROL STORE 

Line by line discussion: 

00: This is the first instruction of the write sector 
command. The WIAM bit tells the W01 OC01A to 
search for an 10 address mark byte. The 
W010C01A will not timeout, so the CPU will have 
to abort after it times out, if necessary. The OAC 
bit is zero during the 10 field to select the 10 
checksum. The RTY bit is set so that if a read 
error (in this case, no sync match after AMOET 
true) occurs, a retry will be performed. 

01: This tells the W010C01A to verify the 10 
marker byte. If it does not compare exactly, an 10 
retry occurs (see below) because the RTY bit is 
set. 

02: This is the 10 address field. The CMPEN bit 
causes a compare of the 10 write registers with 

the incoming 10 field. The incoming 10 is also 
written to the 10 read registers. 

03: This is the 10 flag field. This instruction is 
separate from the 10 address field because the 
flag byte is not compared with the 10 write 
register. It is still written to the 10 read register. 

04: 10 CRC field. The count field is set to (2-1) 
bytes for the 10 CRC. This instruction switches 
the checksum shift register into check mode. 

05: This instruction spaces over the 10 field write 
splice to the start of the data field, protecting the 
10 checksum in the process. This instruction also 
performs a check for an 10 retry. The 10 compare 
status and checksum error status are latched and 
held, and the RTY bit is now set, allowing the 
checking of this status. An 10 retry occurs if the 10 
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did not match, or if there was a checksum error. 
The checksum error is latched into the IDERR bit 
for future reference. 

06: Data PLL sync field. This instruction is the 
start of the update write sector data. The WG -
GMPEN combination also marks the start of the 
EGG calculation starting with instruction 07. 

07: This is the first address mark byte for the data 
field. The AM bit generates AMENA with the AMG 
register, suppressing the clock bit in the A 1 byte. 

08: This is the data marker byte, and is treated as 
simple immediate data for write sector purposes. 

09-0A: These are the first three instructions that 
define the sector data field. The data field is split 
into four control instructions so that switching be
tween sector sizes will not require reordering the 
control store data (see above). The example 
shows a 1024 byte sector. 

08: The last instruction of the data field marks the 
end of the data field using the LAST bit set with 
BUFF. 

oc: Data ECC field. ECC degree six with inter
leave factor of five is used, the count field is set to 
(30-1) bytes. The end of this instruction also stops 
the checksum calculation. 

00: Data field write splice. This instruction pads 
the end of the data field, making sure that the 
checksum is not lost by the drive. The JMPEN bit 

WD10C01A 

is also set in this instruction, meaning that the 
next instruction to be accessed will be the one 
addressed by the LOOP register, in this case 00. 
This happens only if the SECCNT register is not 
zero. If SECCNT is zero, the next control instruc
tion is OE. 

OE: After the last sector, SECCNT is zero. After 
instruction 11 is done, the next instruction will be 
this one instead of instruction 00 (LOOP register). 
This instruction stops the command immediately. 

The CPU performs the WRITE SECTOR com
mand as follows: 

1. After setting up the control store and ad
dress registers as defined above, write the 
sector count to the SECCNT register to 
start the transfer. 

2. Write IDFULL, FAULT, and SEOSTP true 
to the SISR register to clear those status 
bits, and to the SIMR register to enable 
them. 

3. Wait until GINT is true with a timeout in 
case INDEX is not present on the inter
face. Check FAULT for error, and abort if 
true. If IDFULL is true, perform any checks 
on the data in the ID FIFO. If SEOSTP is 
true, check to see if an error occurred that 
must be serviced. Clear the status ser
viced. 
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6.6.4.4 Read and Write Sector Example 

This example makes use of the SKIP register to 
merge the read and write sector operations into 
one control store program. Selection between 
read and write is performed solely by changing 

the contents of the SKIP register. The control 
store example shown in the table below is divided 
into the ID search, read data field, and write data 
field sections. 

ADDRESS VALUE COUNT CONTROL NOTES 

00 A1 WIAM RG,CWSEL, RTY address mark search 

01 FE 00 RG,CMPEN, RTY ID marker byte 

02 ID 02 RG, SVSEL, CMPEN ID address 

03 ID 00 RG,SVSEL ID flag 

04 CHK 01 RG,SVSEL CRC 

05 00 02 SKPEN,RTY retry ID 

08 00 00 00 wait past splice 

09 A1 WDAM(1F) RG,CWSEL;DAC,FAIL address marker search 

OA F8 00 RG, SVSEL,DAC data marker byte 

DB BUFF 3F RG, SVSEL,DAC data field 

OC BUFF 3F RG, SVSEL,DAC data field 

OD BUFF 3F RG, SVSEL,DAC data field 

DE BUFF, 3F RG,SVSEL,DAC data field 
LAST 

OF CHK 10 RG,SVSEL,DAC ECC 

10 00 02 JMPEN,DAC, FAIL end of sector 

11 00 STOP CWSEL stop at end of read 

14 00 OB WG, CMPEN,DAC PLLsync 

15 A1 00 WG,AM,DAC address mark 

16 F8 00 WG, DAC data marker byte 

17 BUFF FF WG, SVSEL,DAC data field 

18 BUFF FF WG, SVSEL,DAC data field 

19 BUFF FF WG, SVSEL,DAC data field 

1A BUFF, FF WG, SVSEL,DAC data field 
LAST 

1B CHK 10 WG, SVSEL,DAC ECC 

1C 00 02 WG,JMPEN,DAC write splice 

10 00 STOP CWSEL stop at end of cmd 

START = 00, LOOP = 00, SKIP = 08 for read, 14 for write 

TABLE 6-40. READ AND WRITE SECTOR EXAMPLE CONTROL STORE 
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Line by line discussion of Read and Write ex
ample: 

00: This is the first instruction of the 10 search. 
The WIAM bit tells the W010C01A to search for 
an 10 address mark byte. The W010C01A will not 
timeout, so the CPU will have to abort after it 
times out, if necessary. The OAC bit is zero during 
the 10 field to select the 10 checksum. The RTY 
bit is set so that if a read error (in this case, no 
sync match after AMOET true) occurs, a retry will 
be performed. 

01: This tells the WO 1 OC01 A to verify the 10 
marker byte. If it does not compare exactly, an 10 
retry occurs (see below) because the RTY bit is 
set. 

02: This is the 10 address field. The CMPEN bit 
causes a compare of the 10 write registers with 
the incoming 10 field. The incoming 10 is also 
written to the 10 read registers. 

03: This is the 10 flag field. This instruction is 
separate from the 10 address field because the 
flag byte is not compared with the 10 write 
register. It is still written to the 10 read register. 

04: 10 CRC field. The count field is set to (2-1) 
bytes for the 10 CRC. This instruction switches 
the checksum shift register into check mode. 

05: This instruction performs a check for an 10 
retry. The 10 compare status and checksum error 
status are latched and held, and the RTY bit is 
now set, allowing the checking of this status. An 
10 retry occurs if the ID did not match, or if there 
was a checksum error. The checksum error is 
latched into the 10ERR bit for future reference. 
Also, the SKPEN bit is set, meaning the next ad
dress (assuming no errors occurred) will be the 
value in the SKIP register, which is 08 for read 
sector, and 14 for write sector. 

READ DATA FIELD 

08: This instruction spaces over the 10 field write 
splice to the start of the data field, protecting the 
10 checksum in the process. 

09: The WOAM bit tells the W010C01A to look for 
the data address mark. The (1 F) indicates the 
byte count that is loaded into the byte count. This 
value is the maximum number of byte times that 
the W010C01A will look for the address mark. 

WD10C01A 

This prevents locking up on a subsequent data 
field address mark. An error here causes an im
mediate halt, with SYNCER set in the SEQCTL 
register, because the FAIL bit is set. 

OA: This is the data marker byte. The CMPEN bit 
indicates that the byte must compare exactly with 
the immediate data byte. An error here causes an 
immediate halt, with SYNCER set in the SEQCTL 
register, because the FAIL bit is set. 

08-00: These are the first three instructions that 
define the sector data field. The data field is split 
into four instructions so that switching between 
sector sizes will not require reordering the control 
store data (see above). The example shows a 256 
byte sector. On ECC verify commands, change 
BUFF to NOXFER. On compare verify com
mands, set BUFF, the CMPEN bit in the control 
byte, and RCMP in the SEQCTL register. 

OE: The last instruction of the data field marks the 
end of the data field using the LAST bit set with 
BUFF. LAST must be used for BUFF or NOXFER. 

OF: Data ECC field. ECC degree six with inter
leave factor of five is used, the count field is set to 
(30-1) bytes. This instruction switches the check
sum shift register into check mode. 

10: The purpose of this instruction is to turn off 
RG, resetting any external data decoder circuits. 
The JMPEN bit is also set in this instruction, 
meaning that the next instruction to be accessed 
will be the one addressed by the LOOP register, 
in this case 00. This happens only if the SECCNT 
register is not zero. If SECCNT is zero, the next 
control instruction is 11. The FAIL bit is also set, 
causing the checksum status to be checked, and 
if there was an error, the command stops, with 
ECCERR set in the SEQCTL register. 

11: After the last sector, the SECCNT register is 
zero. After instruction 10 is done, the next instruc
tion will be this one instead of instruction 00 
(LOOP register). This instruction stops the com
mand immediately. 

WRITE DATA FIELD 

14: Data PLL sync field. This instruction is the 
start of the update write sector data. The WG -
CMPEN combination also marks the start of the 
ECC calculation starting with instruction 15. 
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15: This is the first address mark byte for the data 
field. The AM bit generates AMENA with the AMC 
register, suppressing the clock bit in the A 1 byte. 

16: This is the data marker byte, and is treated as 
simple immediate data for write sector purposes. 

17-19: These are the first three instructions that 
define the sector data field. The data field is split 
into four instructions so that switching between 
sector sizes will not require reordering the control 
store data (see above). The example shows a 
1 024 byte sector. 

1 A: The last instruction of the data field marks the 
end of the data field using the LAST bit set with 
BUFF. 

18: Data ECC field. ECC degree six with inter
leave factor of five is used, the count field is set to 
(30-1) bytes. The end of this instruction also stops 
the checksum calculation. 

1C: Data field write splice. This instruction pads 
the end of the data field, making sure that the 
checksum is not lost by the drive. The JMPEN bit 
is also set in this instruction, meaning that the 
next instruction to be accessed will be the one 
addressed by the LOOP register, in this case 00. 
This happens only if the SECCNT register is not 
zero. If SECCNT is zero, the next control instruc
tion is 10. 

10: After the last sector, SECCNT is zero. After 
instruction 1 C is done, the next instruction will be 
this one instead of instruction 00 (LOOP register). 
This instruction stops the command immediately. 

The CPU performs the READ SECTOR command 
as follows: 

1. After setting up the control store and ad
dress registers as defined above, write 06 
to the SKIP register, and then write the 
sector count to the SECCNT register to 
start the transfer. 

2. Write IDFULL, FAULT, and SEQSTP true 
to the SISR register to clear those status 
bits, and to the SIMR register to enable 
them. 

3. Wait until GINT is true with a timeout in 
case INDEX is not present on the inter
face. Check FAULT for error, and abort if 
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true. If I DFULL is true, perform any checks 
on the data in the 10 FIFO. If SEQSTP is 
true, check to see if an error occurred that 
must be serviced. Clear the status ser
viced. 

The CPU performs the WRITE SECTOR com
mand as follows: 

1. After setting up the control store and ad
dress registers as defined above, write OF 
to the SKIP register, and then write the 
sector count to the SECCNT register to 
start the transfer. 

2. Write IDFULL, FAULT, and SEQSTP true 
to the SISR register to clear those status 
bits, and to the SIMR register to enable 
them. 

3. Wait until GINT is true with a timeout in 
case INDEX is not present on the inter
face. Check FAULT for error, and abort if 
true. If IDFULL is true, perform any checks 
on the data in the 10 FIFO. If SEQSTP is 
true, check to see if an error occurred that 
must be serviced. Clear the status ser
viced. 

6.6.5 10 Retry and Error Conditions 

The WD10C01A manages errors by using the 
RTY and FAIL bits in the control store error control 
byte. These bits tell the WD10C01A when to 
check its internal error status bits, and what to do 
about the error. All internal status bits in the 
WD10C01A are held in their error state until reset 
by a retry, or by writing to the START register. 

If an error occurs when or before the RTY bit is 
set, an 10 retry is performed. The LOOP register 
address will be loaded into the control store ad
dress register, restarting the sector. Also, the RG 
signal is switched false for one whole byte time to 
reset external decoders/PLLs. If the control store 
instruction at the LOOP address does not specify 
that RG is true, then it will stay false. 

If an error occurs when or before the FAIL bit is 
set, an immediate abort of the command occurs 
when FAIL goes true. The appropriate error status 
bit(s) are set, and the sequencer stops. 
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The following list summarizes the read error con
ditions of the W010C01A: 

1. When executing a WIAM or WOAM opera
tion, and the AMOET signal goes true, but 
the sync byte does not match within the 
sixteen bit timeout period. SYNCER will 
be set true if a halt is commanded (FAIL 
set). 

2. When searching for a simple byte sync 
byte, and the count in the control store 
count field is exhausted. SYNCER will be 
set true if a halt is commanded (FAIL set). 

3. Once byte sync is established, any read 
compare operations (CMPEN bit set) that 
fail. In the case of immediate data, this 
handles the ST 412 second address mark 
byte (FE or F8) and the SYNCER bit will 
be true if a halt is commanded (FAIL set). 
In all other cases (i.e., buffer or 10 data), 
the CMPERR bit is be true if a halt is com
manded (FAIL set). 

4. Any checksum error. This error status is 
retained by the 10ERR bit in the SEOCTL 
register if a retry is commanded (RTY set) 
until the next 10 field starts. The ECCERR 
bit is set if an abort was commanded (FAIL 
set). In this case, the checksum shift 
register contains the correction syndrome. 
The register ECCS shows the additional 
ECC status. 

5. When executing a WOAM operation, if the 
AMOET signal does not go true, and the 
count in the control store count field is ex
hausted. SYNCER will be set true if a halt 
is commanded (FAIL set). 

WD10C01A 

6.6.6 Error Recovery 

When a read error occurs that causes a halt of the 
command before it is completed, certain steps 
must be performed to recover from that error. 
When the sequencer stops, the following condi
tions are in effect: 

1. The SECCNT register contains a 
remainder. If the error is an 10 error or a 
sync error (SYNCER set), this is the num- • 
ber of sectors to read including the one in I 
error. Any other error gives the number of 
sectors to read after the one in error. 

2. The 10 set registers are set to an 10 field. If 
the error is a sync error, this is the sector 
address of the one in error. Any other error 
gives the sector address following the o~e 
in error. In general, any error that IS 

detected after the data field transfer starts 
(OXF went true, see the SEOSTS regist~r) 
will cause SECCNT and the 10 wnte 
registers to be set for the sector following 
the one in error. 

3. The SEOCTL read bits define the error. If 
ECCERR is set, then the error is a check
sum error. If CMPERR is set, the error is a 
verify or second address mark byte error. 
If SYNCER is set, the error is a byte sync 
error. 

4. The internal checksum register may con
tain a correction syndrome, depending on 
the type of error. 

The SECCNT contains a non-zero remainder. 
SECCNT is inhibited from restarting the sequen
cer by the latched error status. In orde~ to restart 
for retry or continuing, the START register must 
be written with the starting control store address. 
This immediately clears any error status 
(SEOCTL read bits), and if the SECCNT register 
is still non-zero, will cause the sequencer to start. 
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6.6.7 Error Correction 

The Reed-Solomon EGG implemented in the 
WD10G01A can correct up to 2 error bytes (de
wee 5) and up to ~ error bytes (degree 6) per 
Interleave. Depending on the interleave factor 
being used, it can correct up to 30 bytes of error 
within a sector. 

During read operations, the device produces com
posite syndromes. These syndromes are used by 
the error correction routine (microprocessor) to 
calculate the error location and error value. The 
microprocessor responses to the SEQSTP inter
rupt by first reading the SISR and the EGGS 
registers to determine the type of failure. If the 
EERR bit in the EGGS is set, the microprocessor 
determines which interleaves are in error by read-

PROGRAMMING REFERENCE 

ing the status bits IOE-14E in the EGGS. The 
microprocessor then start reading the SPORT 
register to transfer the syndromes. The 
WD1 OG01A automatically transfer the syndromes 
from the lowest interleave number. The highest 
byte is transferred first. The microprocessor has 
to read the SPORT register five times for degree 
5 and six times for degree 6 to complete the 
syndrome transfer of an interleave. After all 
syndromes of the interleave are transferred the 
microprocessor must reset the correspon'ding 
e~ror statu.s bit in the EGGS by writing a 0 into that 
bit. The microprocessor can then continue reading 
the syndromes of the next interleave. 
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7.0 DC ELECTRICAL SPECIFICATIONS 
7.1 MAXIMUM RATINGS 

Ambient temperature OOC to 70°C 

Storage temperature -65° C to 150° C 

Voltage on any pin -0.3 to VDD+0.3 Volts 
with respect to Vss 

Voltage on VDD with 7 Volts 
respect to Vss 

Leakage current ±10 !1A 
Power dissipation 1000 mW 

at Xi =32 MHz, 
RRCLK=27 MHz, 
OOC, all outputs open 

Input Static 2000 V pin to pin 
Discharge Protection 

NOTE 
Stresses above those listed under Maximum 
Ratings may cause permanent damage to the 
device. This is a stress rating only and functional 
operation of the device at these or any other con
ditions above those indicated in the operational 
section of the specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect product reliability. 

WD10C01A 

7.2 STANDARD TEST CONDITIONS 

The characteristics below apply for the following 
standard test conditions, unless otherwise noted. 
All voltages are referenced to Vss (OV Ground). 
Positive current flows into the referenced pin. 

Operating temperature range 0° to 70° C 

VDD supply voltage with +5 Volts ± 
respect to Vss 0.5 V 

Vss o Volts 

Latch-up current (min) ±40mA 

Operating humidity range 20 to 95% 

Xi input operating frequency 32 MHz{max) 
with crystal 8 MHz (min) 

Xi input operating frequency 25 MHz{max) 
with TTL source --- MHz (min) 
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7.3 DC CHARACTERISTICS 

SYMBOL PARAMETER MIN MAX UNITS CONDITIONS 

VrH Input High Voltage 2.0 --- V Voo =5V ±5% 

VrL Input Low Voltage --- O.S V Voo =5V ±5% 

IrH Input High Current --- 600 ~ VrL= O.SV 

IrL Input Low Current --- -600 ~ VrH = 2.0V 

VOH Output High Voltage 2.4 --- V ., IOH = -400 ~ 

VOL Output Low Voltage --- 0.40 V ·,IOL= 2 mA 

VOH Output High Voltage Voo-0.5 --- V ··,IOH = -SOO ~ 

VOL Output Low Voltage --- 0.40 V ··,IOL=4mA 

VOH Output High Voltage 2.4 --- V ···,IOH = -2.5 mA 

VOL Output Low Voltage --- 0.40 V •••• , IOL =6 mA 

Cr Input Capacitance --- 10 pF all inputs 

Co Output Capacitance --- 50 pF All outputs except: 00-07, 
BMOO-BM07,BMP, OSC, and 
CPUCLK 

Co Output Capacitance --- 100 pF Outputs 00-07,BMOO-BM07, 
and BMP 

Co Output Capacitance --- 100 pF Outputs OSC and CPUCLK 

Icc Supply Current --- 200 mA 60 mA(typical); X1=32MHz, 
RRCLK=27MHz, OOC, all out-
puts open, Voo=5V 

TABLE 7-1. DC CHARACTERISTICS 

NOTES: 

Ta = OOC (32°F) to 70°C (15SoF), 
Voo = +5V ±5% 

• Output Voltages (all outputs except X2, 
CPUCLK, OSC, 00-07), see t 

*. Output Voltages (CPUCLK andOSC only), 
seet 

···Output Voltages (00-07), see t 

····Output Voltages (00-07, INT Logic 0) 

t Even under worst case AC transient switching 
conditions VOL = O.SV shall not be exceeded on 
any output pin at any time. 
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8.0 AC OPERATING CHARACTERISTICS 
The following notes apply to all of the parameters 
presented in this section: 

1. All unit are in nanoseconds 

2. These timing relationships assume the maxi
mum capacitive loading for both inputs and out
puts, VDD = 4.50 volts to 5.50 volts. 

3. Temperature = oOe to 70°C. 

4. All timing is measured between 0.8 volts logic 
low and 2.0 volts logic high, unless otherwise 
noted. 

8.1 OSC AND CPUCLK TIMING 

I· t1 .1 
x1 

'- / \ 

I· t1 

·1 
• • 

t2 

~ t3 

FIGURE 8-1. TTL SOURCE X1 CLOCK INPUT 

I· t4 .1 
ose " / '\ Q 

I· t4 

·1 
t8 

• • 
t6 

FIGURE 8-2. OSC OUTPUT 
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I· t5 .1 
CPUCLK 

" / \ 

I· t5 

·1 
• • 

t7 

FIGURE 8-3. CPUCLK OUTPUT 

The following table summarizes the relationship 
between the clock at X1 and the resultant outputs 
at OSC and CPUCLK. OSCDIV and CPUDIV are 
control bits in the RESET register that determine 
how the X1 clock is divided to produce OSC and 
CPUCLK. See the programming section for more 
information. 
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~ ta D-ta 

CLKDIV OSC CPUCLK 

0 X1/2 X1/6 

1 X1/2 X1/4 

0 X1/1 X1/3 

1 X1/1 X1/2 



AC OPERATING CHARACTERISTICS WD10C01A 

No. DESCRIPTION MIN MAX UNITS 

h TIL source Xi high or 10w(*1) 13 ns 

t2 TIL source Xi cycle time 40 ns 

13 TIL source Xi rise or fall time (*1) 5 ns 

t4 OSC high or low when: (*2) --- ---
Xiii crystal (*3) 10 --- ns 
X1/2 crystal (*3) 27 33 ns 
Xiii TIL source (*5) 16 24 ns 
X1/2 TIL source (*4) 36 44 ns 

t5 CPUCLK high or low when: (*2) --- --- ---
X1/2 crystal (*3) 27 33 ns 
X1/3 crystal (*3) 36 54 ns 
X1/4 crystal (*3) 54 66 ns 
X1/6 crystal (*3) 81 99 ns 
X1/2 TIL source (*4) 36 44 ns 
X1/3 TIL source (*5) 48 72 ns 
X1/4 TIL source (*4) 72 88 ns 
X1/6 TIL source (*4) 108 132 ns 

t6 OSC cycle time when: --- --- ---
Xiii crystal (*3) 30 125 ns 
Xi 12 crystal (*3) 60 250 ns 
Xiii TIL source (*4) 40 --- ns 
X1/2 TIL source (*4) 80 --- ns 

t7 CPUCLK cycle time when: --- --- ---
X1/2 crystal (*3) 60 250 ns 
X1/3 crystal (*3) 90 375 ns 
X1/4 crystal (*3) 120 500 ns 
X1/6 crystal (*3) 180 750 ns 
X1/2 TIL source (*4) 80 --- ns 
X1/3 TIL source (*4) 120 --- ns 
X1/4 TIL source (*4) 160 --- ns 
Xi/6 TIL source (*4) 240 --- ns 

t8 CPUCLK and OSC rise or fall time (*2) --- 5 ns 

TABLE 8-1. OSC AND CPUCLK TIMING PARAMETERS 

NOTES: 
*1)limes are measured relative to VIH and 

VIL. 

*2)High and low times are measured relative 
to the midpoints between VOL and VOH. 
Rise and fall times are measured between 
VOH and VOL. 

11119/91 

*3)Assumes 33.3 MHz crystal across Xi and 
X2 for min times, 8.0 MHz crystal for max 
times. 

*4)Assumes 25.0 MHz TTL source to Xi. 

*5)Assumes 25.0 MHz TTL source to Xi, 
50/50 duty cycle. 
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8.2 CPU INTERFACE TIMING 

AO-A4 ~ X-

Cs 
r-... / 

t 20 t22 , • 
AD 

" 
t21 , • 

00-07 X DATA VALID X 

~I , ·1 t24 

I, t 25 
• EXTERNAL ==>< INTERFACE 

(inputs) 
input change 

FIGURE 8·4. MICROPROCESSOR RD* TIMING (RD* CONTROLLED) 

AO-A4 ~ K:= 
cs 

I' 

120 122 , • • • -
RO 

" 
121 • • 

00-07 X DATA VALID X 

~I , ·1 124 

I, 125 
• 

EXTERNAL ==>< INTERFACE 
(inputs) 

input change 

FIGURE 8·5. MICROPROCESSOR RD* TIMING (CS* CONTROLLED) 
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AO-A4 ---.. X--

Cs 

120 122 
I • 

WR 
"\ 

126 .. 
DBD-DB7 DATA VALID X 

I- I ,I 
127 128 

--:---! 129 
EXTERNAL 

PREVIOUS DATA X NEW DATA INTERFACE 
(Outpul) 

FIGURE 8·6. MICROPROCESSOR WR* TIMING (WR* CONTROLLED) 

AD-A4 ) ADDRESS VALID ~ 
I 

12Q , 122 

Cs "\ 

I 
126 

• 

WR 
"-

DBD-DB7 DATA VALID X 

I- I 

127 128 
·1 

-I 129 
EXTERNAL 

PREVIOUS DATA X NEW DATA INTERFACE 
(oulpul) 

FIGURE 8·7. MICROPROCESSOR WR* TIMING (CS* CONTROLLED) 
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RST 

" / 
t30 

·1 « 

·1 EXTERNAL 
t31 

« 
INTERFACE 

>< OUTPUTS undefined state reset state 

FIGURE 8·8. RESET TIMING 

DRVFLT or 
COMPLT A l t32 

t33 

'1 INT 
« 

~ 

FIGURE 8·9. EXTERNALL V GENERATED INTERRUPT TIMING 
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No. DESCRIPTION MIN 

t20 address valid to RE or WE (*3) 20 

t21 RE pulse width (*3) 100 

t22 RE or WE to address change (*3) 0 

t23 RE true to data valid (*3) ---
t24 RE false to data hold (*3) 20 

t25 input port setup to RE true (*1)(*3) 80 

t26 WE pulse width (*3) 100 

t27 data setup to WE false (*3) 80 

t28 WE false to data hold (*3) 0 

t29 WE false to output change (*2)(*3) ---

130 RST pulse width 100 

131 RST true to stable outputs ---

132 DRVFLT or COMPLT pulse width 100 

t33 DRVFLT or COMPLT high to INT low ---
TABLE 8-2. CPU INTERFACE TIMING PARAMETERS 

NOTES: 

*1)lnputs are: PZO-5, PYO-3 when defined as 
inputs, and AMDET when being used as a 
simple input pin. 

*2)Outputs are:PXO-7, and PYO-3 when 
defined as outputs. 

*3)RE = RD or C~ 
WE =WRorCS 

11/19/91 
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MAX UNITS 

ns 

ns 

ns 

95 ns 

60 ns 

--- ns 

--- ns 

ns II 
ns 

80 ns 

--- ns 

150 ns 

--- ns 

150 ns 
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8.3 BUFFER INTERFACE TIMING 

(Data is coming out of the WD1 OC01 A) 
REQTIM=1 in RESET register. (REQA true when internal data register is full.) 

RRCLK 

REOA 

143 

BMDO·7, P -----------D-~-A-U-ND-E-FI-NE-D----------~>< DATA VALID X,----

FIGURE 8-10. ASYNCHRONOUS MODE DATA BUS WRITE TIMING (1) 

REQTIM=O in RESET register. (REQA true one bit time before internal data register is full. Note that the 
cycles overlap by one bit time.) 

RRCLK 

REOA 

145 

-I 
BMDO-7, P' 

FIGURE 8-11. ASYNCHRONOUS MODE DATA BUS READ TIMING (0) 
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(Data is going into the WD10C01A) 
REQTIM=1 in RESET register. (REQA true when internal data register is empty.) 

RRCLK 

REOA 

143 

14 

144 

145 

-I X ==d 
"'---D-A-TA-V-ALID X"---BMDO-7. P DATA UNDEFINED 

FIGURE 8·12. ASYNCHRONOUS MODE DATA BUS READ TIMING (1) 

REQTIM=O in RESET register. (REQA true one bit time before internal data register is empty. Note that 
the cycles overlap by one bit time.) 

RRCLK 

REOA 

143 

142 
149 

ACKA 

144 

I-
147 148 

-I -
I 

BMDO·7. P DATA UNDEFINED X DATA VALID >C 

FIGURE 8·13. ASYNCHRONOUS MODE DATA BUS WRITE TIMING (0) 
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No. DESCRIPTION MIN MAX UNITS 

t40 DMA (REOA) cycle time (*1) 8*Tcyc ns 

41 RRCLK true to REOA true 40 ns 

42 ACKA false to RRCLK true 20 ns 

43 REOA true to ACKA false: (*1) --- ns 
REOTIM=O 9*Tcyc-41-t42 
REOTIM=1 8*T Cyc-t4 d42 

44 ACKA active low 100 --- ns 

45 ACKA true to data valid 60 ns 

t46 ACKA false to data hold 10 60 ns 

47 data setup to ACKA * false 35 ns 

t48 ACKA false to data hold 5 ns 

49 ACKA true to REOA false 35 ns 

TABLE 8-3. BUFFER INTERFACE TIMING PARAMETERS 

NOTES: 

*1)Tcyc is the RRCLK cycle time used. 
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8.4 SERIAL DATA TIMING 

AMDET 
(if synchro nous) .{ '\ 

t66 167 J 

t61 

/ " 
, 

RRCLK 

160 

j t62 

t63 

NRZI Data Bit 

t65 

Control 
__________ x~ ________________________ _ 

~ t68 ~ INDEX or ______________ __ 
SECTOR or 
AMDET (if asynchronous) "-__ 

FIGURE 8-14. NRZ DATA INPUT TIMING 

WRCLK 
/ " ~, 

t70 t71 

j t72 
;~ 

t73 

NRZO )< Data Bit 

175 

• • 
RRCLK --------}-----'~--~/-----~ 

FIGURE 8-15. NRZ DATA OUTPUT TIMING 
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No. DESCRIPTION MIN MAX UNITS 

tso RRCLK cycle time 37 ns 

tS1 RRCLK low (*1) 14 ns 

tS2 RRCLK high (*1) 14 ns 

tS3 NRZI setup to RRCLK high 10 ns 

tS4 RRCLK high to NRZI hold 10 ns 

tS5 RRCLK high to new control out (*3) 30 ns 

tss AMDET setup to RRCLK high (*4) 10 ns 

tS7 RRCLK high to AMDET hold (*4) 10 ns 

tS8 asynchronous input width 2*Tcyc ns 

t70 W~CLK high (*2) (*6) TrI0-6.0 ns 
(*2) (*6) (*7) TrI0-5.0 

t71 WRCLK low (*2) (*6) Trhi-6.0 ns 
(*2) (*6) (*7) Trhi-5.0 

t72 WRCLK low to NRZO change(*6) -3.5 3.5 ns 
(*6) (*7) -2.75 2.75 

t73 NRZO setup to WRCLK high(*6) Trhi-9.5 ns 
(*6) (*7) Trhi-8.75 

t74 WRCLK high to NRZO hold (*6) Trlo-9.5 ns 
(*6) (*7) Trlo-8.75 

t75 RRCLK high to NRZO change 30 ns 

TABLE 8-4. SERIAL DATA TIMiNG PARAMETERS 

NOTES: 

*1)High and low times measured relative to 
VIH and VIL. 

*2)Trlo and Trhi are the clock low and clock 
high (respectively) for the RRCLK input 
used. Tcyc is RRCLK cycle time used. 

*3)Control outputs are: SEQOUT, WG, RG, 
andAMENA. 

*4)When AMDET is supplied from a 
synchronous source. 
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*5)Asynchronous inputs are: INDEX, SEC
TOR, and AMDET when it is supplied from 
an asynchronous source. 

*6)Where the RRCLK input is driven from 
O.4V (VIL) to 2.4V (VIH). 

*7)The specification with reduced load 
capacitance of 25 pF. 



WD10C01A PROGRAMMER'S BENCH REFERENCE (PBR) WD10C01A 

A.O WD10C01A PROGRAMMER'S BENCH REFERENCE (PBR) 

ADDR NAME DIR SIZE A.1 ADDRESS BIT TABLES 

00 SRESET W 6-0 The following is a set of bit tables. 

01 SISR R/W 7-0 SRESET(OO) 

02 SIMR R/W 7-0 Bit Write 

03 SEOSTS/PYC R/W 7-01 7 CLKOIV 
3-0 

04 CSERR R/W 3-0 

05 CSCTL R/W 7-0 

6 OSCOIV 

5 

4 
.. 

I 

06 CSVAL R/W 7-2; 
7-0 

3 

07 CSCNT R/W 7-4, 
0;7-0 

2 REOTIM 

1 103$4 

08 PORTX R/W 7-0 0 SRST 

09 PORTY R/W 3-0 

OA PORTZIAMC R/W 5-01 SISR(01) AND SIMR(02) 
7-0 Bit Read/Write 

OB SEOCTL R/W 5-0 7 GINT 
OC START R/W 4-0 6 10FULL 
00 LOOP W 4-0 5 OXFER 
OE ECCCTL W 5-1 4 COMPLT 
OF SECCNT R/W 7-0 3 SEOSTP 
10 ECCP R/W 3-0 2 SECENO 
11 ECCS R/W 4-0 1 SM$IX 
12 SPORT R 7-0 0 FAULT 
13 Reserved 7-0 

14 Reserved 7-0 SEQSTS(03) 
15 Reserved 7-0 Bit Read 
16 do not use - test only 7 OATFLO 
17 SKIP W 4-0 6 ECCEN 
18 100 R/W 7-0 5 LAST 
19 101 R/W 7-0 4 10 
1A 102 R/W 7-0 3 CHK 
1B 103 R/W 7-0 2 WAIT 
1C 104 R/W 7-0 1 AMOET 
10 105 R/W 7-0 0 SEOOUT 
1E 106 R/W 7-0 

1F 107 R/W 7-0 
TRUE = 1 FOR ALL BITS 
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PYC(03) CSVAl(06) 

Bit Write Bit Read/Write 

7 7 BUFF 

6 6 NOXFER 

5 5 LAST 

4 4 10 

3 PY30UT 3 CHK 

2 PY20UT 2 

1 PY10UT 1 

0 PYOOUT 0 

CSERR(04) CSCNT(07) 

Bit ReadlWrite Bit ReadlWrite 

7 7 WOAM (COUNT) 

6 6 WIAM 

5 5 WIX 

4 4 WSM 

3 FAIL 3 

2 RTY 2 

1 OAC 1 

0 SEQOUT 0 STOP 

CSCTL(05) SEQCTl(OB) 

Bit Write Bit Read Write 

7 SVSEL 7 RGERLY 

6 CWSEL 6 

5 WG 5 ECCERR 

4 RG 4 10ERR 

3 AM 3 PTYERR IXMASK 

2 CMPEN 2 SYNCER SMMASK 

1 SKPEN 1 CMPERR RCMP 

0 JMPEN 0 KILL 
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ECCCTL(OE) ECCS(11) 

Bit Write Bit Read Write 

7 7 

6 6 EERR 

5 ECCCLR 5 CERR 

4 CRCSET 4 14E 14E 

3 CRCNIT 3 13E 13E 

2 IGNERR 2 12E 12E 

1 DISPTY 1 11E 11E 

0 0 10E 10E 

ECCP(10) 

Bit ReadlWrite 

7 

6 

5 

4 

3 SYNCCRC 

2 SYNCECC 

1 DEG6/5 

0 IFS5/3 

11/19/91 20-65 



WD10C01A 

B.O RESET CONDITIONS 
The following list defines what is reset when RST 
is asserted on the WD10C01A, or the CPU sets 
the internal reset bit (SRST in SRESET register): 

• SRST bit in SRESET is left set, and must be 
cleared by the CPU to take the WD10C01A 
out of the reset state 

• interrupts are disabled 

• PYO-3 are set to input 

• BMDO-7,P are disabled 

• OSC is set to X1/2 

• CPUCLK is set to X1/6 

• command sequencer stops 

The following CPU registers are reset to zero: 
• PORTX 
• PORT Y CONFIGURATION 

• SECTOR COUNTER 

• INTERRUPT MASK REGISTER 

• SRESET REGISTER (except SRST) 

• ECCP except SYNCCRC and SYNCECC, 
which are initialized to one's 

• ECCS 

• SPORT 
• KILL and RGERLY bits in SEQCTL register 

RESET CONDITIONS 

The following outputs are reset to zero: 
• PXO-7 
• SEQOUT 

• AMENA 

• RG 

• WG 
• NRZO 

• REQA 

The following error status bits are reset to zero: 
• IDERR 

• PTYERR 
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CRYSTAL OSCILLA TOR APPLICA TlONS 

C.O CRYSTAL OSCILLATOR APPLICATIONS 
For applications that use the internal oscillator 
capability of the WD1 OC01 A, a series resonant 
crystal must be used. This crystal must meet the 
following internal specifications: 

CS = 7 pf MAX 

RS = 30 ohms MAX 

The oscillator also requires bypass capacitors, as 
shown in the following diagram:The following 
table lists values for C1 and C2 for several typical 
crystal frequencies. The capacitor tolerances are 
± 10%. Values for intermediate frequencies (not 
listed in the table) may be extrapolated. 

FREQ (MHz) 

8 

10 

12 

14 

16 

20 

24 

25 

30 

32 

WD10C01A 

C1 (pf) C2 (pf) 

180 100 

180 68 

150 47 

120 56 

82 56 

82 33 

56 27 

56 22 

39 12 

33 12 

Pin 37 [x1] ------1....--------------.1-
C1 

L...l 

Pin 38 [x2] --------1 

-- C2 

""T" 

Crystal 

FIGURE C·1. OSCILLATOR WITH CAPACITORS 
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WD10C01A PIN/SIGNAL SUMMARY 

0.0 PIN/SIGNAL SUMMARY 

PIN SIGNAL 1/0 FUNCTION PIN SIGNAL 1/0 FUNCTION 

1 BMD7 110 Buffer 36 CPUCLK 0 CPU Interface 

2 BMD6 I/O Buffer 37 X1 I CPU Interface 

3 BMD5 I/O Buffer 38 X2 0 CPU Interface 

4 BMD4 I/O Buffer 39 PZ5 I Disk Control 

5 BMD3 I/O Buffer 40 PZ4 I Disk Control 

6 BMD2 I/O Buffer 41 PZ3 I Disk Control 

7 BMD1 1/0 Buffer 42 PZ2 I Disk Control 

8 BMDO I/O Buffer 43 VSS I Ground 

9 VSS I Ground 44 PZ1 I Disk Control 

10 CS I CPU Interface 45 PZO I Disk Control 

11 DBa 110 CPU Interface 46 PY3 1,0 Disk Control 

12 DBa 110 CPU Interface 47 PY2 1,0 Disk Control 

13 DBa 110 CPU Interface 48 PY1 1,0 Disk Control 

14 DBa I/O CPU Interface 49 pya 1,0 Disk Control 

15 DBa 110 CPU Interface 50 PX7 0 Disk Control 

16 DBa 1/0 CPU Interface 51 PX6 0 Disk Control 

17 DBa I/O CPU Interface 52 PX5 0 Disk Control 

18 DBa I/O CPU Interface 53 PX4 0 Disk Control 

19 RD I CPU Interface 54 PX3 0 Disk Control 

20 WR I CPU Interface 55 PX2 0 Disk Control 

21 A4 I CPU Interface 56 PX1 0 Disk Control 

22 A3 I CPU Interface 57 PXO 0 Disk Control 

23 A2 I CPU Interface 58 WG 0 Disk Data 

24 A1 I CPU Interface 59 RG 0 Disk Data 

25 AO I CPU Interface 60 VDD I +5 Volts 

26 VDD I +5 Volts 61 RST* I CPU Interface 

27 INT 0 CPU Interface 62 WRCLK 0 Disk Data 

28 SECTOR I Disk Control 63 NRZO 0 Disk Data 

29 INDEX I Disk Control 64 RRCLK I Disk Data 

30 AMDET I Disk Data 65 NRZI I Disk Data 

31 AMENA 0 Disk Data 66 REQA 0 Buffer 

32 SEQOUT 0 Disk Data 67 ACKA I Buffer 

33 OSC 0 CPU Interface 68 DBP I/O Buffer 

34 DRVFLT I Disk Control 

35 COMPLT I Disk Control 
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DIFFERENCES BETWEEN WD10COO AND WD10C01A WD10C01A 

E.O DIFFERENCES BETWEEN WD10COO AND WD10C01A 
E.1 ERROR CORRECTION AND 

DETECTION 

The computer-generated-code ECC in WD10COO 
was replaced with the Reed-Solomon ECC in 
WD10C01A. Six registers (ECC[0:5]) which define 
the masks for ECC polynomials in WD10COO 
were taken out. The new ECCP, ECCS, SPORT 
registers facilitate the configuration parameters, 
operation status and the syndrome access for the 
new RS encoder/decoder. 

E.2 SRESET REGISTER 

The control bits IDCHK, DCHK, ECCSIZ bits of 
the WD10COO are removed. By default, data field 
is covered by RS-ECC, and ID Field is covered by 
CCITT-CRC with g(x)= X16 + X12 + X5 + 1. 

E.3 ECCCTL REGISTER 

The ECCINL, ECCSHT, ECCINM bits of the 
WD10COO are removed. The control bit ECCSET 
is renamed to CRCSET, bit ECCNIT is renamed 
to CRCNIT. These bits affect only the CRC shift 
registers, the RS-ECC shift registers are be 
default reset to zero. The control bit DISCHK of 
WD10COO is changed into IGNERR. Its function is 
still the same. 

E.4 TIMING 

The tim.l.!:!9..Jg (data setup time on the BMD bus 
before ACKA goes inactive) is changed from 30 
ns to 35 ns; t70, t71, t72, t73 and t74 have additional 

specifications with reduced loading capacitance of 
25 pF. 

E.5 PIN NAME 

The name of the microprocessor data bus and the 
DMA data bus are changed to reflect the name on 
the circuit diagrams. The pin order and the func-II 
tions are exactly the same as before. 

WD10COO WD10C01A 

DBO-DB7 BMDO-BMD7 

DBP BMDP 

DO-D7 DBO-DB7 

E.S PARITY ERROR HANDLING 

WD10COO will latch the parity error condition into 
the SEOCTL register and the operation will con
tinue normally. WD1 OC01 A will stop at the end of 
the current CS instruction if the FAIL bit is set to 
one. The WG output is also deasserted. 

E.7 SEaCTL REGISTER 

Bit 6 and bit 0 in the SEOCTL register are unused 
in the WD10COO and in the WD10C01A. These 
bits are read-only type and are set to one in the 
WD10COO; in the WD1 OC01 A, these bits are set 
to zero. 
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INTRODUCTION 

1.0 INTRODUCTION 
1.1 GENERAL DESCRIPTION 

The WD10C27 ReadlWrite Channel is a fully in
tegrated LSI device intended for variable frequen
cy applications in conjunction with the WD61 C22 
Hard Disk Controller/Buffer Manager. 

In a typical application, the WD1 OC27 performs all 
of the handling of the sensitive read/write signals 
between a disk controller and data drivers and 
receivers. Raw read data corresponds to previous 
write data, with added phase, frequency, and write 
splice noise added during read-back. The fun
damental purpose of the WD10C27 is to remove 
these noise components and present a cI~an digi
tal recovered data and reference clock to the con
troller. See Figure 1-1 - Signal/Pin Assignments. 

1.2 FEATURES 

• General 
- Specifically designed for the WD61 C22 Hard 

Disk Controller/Buffer Manager 

- Supports Constant Density Recording with 
no component changes 

- 1.25 micron +5 volt only CMOS technology 

- Available in 64-pin SQFP and MQFP pack-
ages 

• Frequency Synthesizer 
- Range of 7.5 - 33 MBps with resolution ~140 

KHz 

- Programmable input reference frequency to 
40 MHz 

• Microprocessor Interface 
- Eight bit Intel compatible multiplexed 

address/data port 

- Programmable test and low power modes 

WD10C27 

• Write Data Conditioner 
- Crystal controlled processing of the write 

data to eliminate pulse pairing 

- Programmable pattern dependent Skew 
Symmetric Precompensation matrix for 
precomp. of up to ±25% with 1.5% resolution 

• Encoder/Decoder 
- IBM Compatible 1,7 RLL 

- Hard/soft sector support and Address Mark 
Detection/Generation 

• Data Synchronizer 
- Precision internal self adjusting VCO com

pensates for component, temperature, volt
age, and aging variations 

- Internal gain/bandwidth modulation 
linearizes loop gain and increases phase 
margin across zones 

- Dual gain charge pump for faster acquisition 
and better jitter rejection while tracking 

- Dual mode phase/phase-frequency detector 
eliminating quadrature and harmonic lock 

- J.LP controlled Window Shift Synthesis for win
dow shifting from 0% to ±50% of the window 

- Window monitoring capability 

• Channel Control 
- 5-bit DACs specifically designed for use with 

the SSI3040 Electronic Filter/Pulse Detector 

- Independent Servo/Data Filter Optimization 

- Bandwidth, Boost and Hysteresis Control for 
ZBR 

- Five Programmable Microprocessor Ports 

ADVANCE INFORMATION 1116191 21-1 
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FIGURE 1-1. SIGNAUPIN ASSIGNMENTS 
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INTRODUCTION WD10C27 

PIN I/O 
(10 MAP) MNEUMONIC A/S DESCRIPTION 

59-64,2-3 AD7-0 I/O Address/Data Bus 
ADDRESS inputs used in conjunction with ALE to select the in-
ternal register to be transmitted or received on the DATA 
input/outputs. 

4 MWE I Microprocessor Write Enable 
When asserted will transmit data from the AD bus into internal 
registers. 

5 MRE I Microprocessor Read Enable 
When asserted will transmit data from internal registers onto the 
AD bus. 

6(9t) MCS I Microprocessor Chip Select 
When asserted allows information to be read from or written to a 
the AD bus. 

7 ALE I Address Latch Enable 
Address information is latched on the falling edge. 

8,55 10VDD S I/O Supply 
+5 volt supply to all I/O except WPCDATA, RAW DATA, and 
analoQ pins. 

9(6t) BCS 0 Buffered Chip Select 
This _pjn is the inverted, buffered version of the MCS input. 

10,56 10VSS S I/O Ground 
Dedicated ground to all I/O except WPCDATA, RAW DATA, and 
analog pins (designated "A"). 

11 CVDD S Analog Supply 
Dedicated +5v for the Channel Control DAC 
circuitry. 

12(17) FCDAC A Freq. Ctl. DAC 
Frequency Control current DAC output. 

1'3(15) IREF A Current Reference 
External current reference used to set the compliance of IDAC. 
When not used, IREF should be connected to CVSS. 

14(18) BCDAC A Boost Ctl. DAC 
Boost Control voltaQe DAC output. 

15(13) HCDAC A Hyst. Ctl. DAC 
Hysteresis Control voltaQe DAC output. 

16(57) FSTAGC A FastAGC 
Discharqe path to force fast AGC response. 

17(12) LEVEL A Level 
External voltage used to adjust the Hysteresis DAC offset. 
Should be tied to CVSS when not used. 

18(14) VRG A Voltage Reference 
External voltage reference used by the DAC circuits. Should be 
tied to CVSS when the Boost Control, Frequency Control, and 
Hysteresis Control DACs are not used. 

TABLE 1-1. SIGNAL DESCRIPTIONS 
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WD10C27 INTRODUCTION 

PIN 1/0 
(10 MAP) MNEUMONIC AlS DESCRIPTION 

19 CVSS S Analog Ground 
Dedicated ground for the Channel Control DAC circuitry. 

20(58) PORT4 0 Port Four 
In soft sector, AME initiates an address mark search during 
reads, or address mark_generation during writes. 

21 (36) PORT3 0 Port Three 
In soft sector, AME initiates an address mark search during 
reads, or address mark generation during writes. 

22(24) AMD 0 Address Mark Detect 
In soft sector, AME initiates an address mark search during 
reads, or address mark generation during writes. 

23(26) AME I Address Mark Enable 
In soft sector, AME initiates an address mark search during 
reads, or address mark generation during writes. 

24(22) ENCEN I Encode Enable 
Asserted during write commands to enable the Encoder and as-
sociated write circuits. 

25(27) RGATE I Read Gate 
In soft sector, RGATE responds to AMD to validate the acquisi-
tion sequence during reads. In hard sector, RGATE initiates the 
acquisition sequence wlo AMD Qualification. 

26(23) RDATA 0 Recovered Data 
Recovered NRZ read data represents the decoded RLL raw read 
data with all phase and frequency noise removed. 

27(25) RCLK 0 Reference Clock 
Nominally at the NRZ data frequency, RCLK tracks the low fre-
quency variations on RAW DATA during reads, otherwise tracks 
the crystal reference. 

28 AVSS S Main Analog Ground 
Main ground dedicated primarily to analog support circuitry (Le., 
Delay Locked Loop, PLL Phase Detectors, etc.). This supply 
also supports the sensitive WPCDATA and RAWDATA 1/0 to 
prevent intermodulation with 10VDD IIOVSS. 

29 AVDD S Main Analog Supply 
Main +5v supply dedicated primarily to analog support circuitry 
(Le., Delay Locked Loop, PLL Phase Detectors, etc.) This supply 
also supports the sensitive WPCDATA and RAWDATA 1/0 to 
prevent intermodulation with 10VDD/IOVSS. 

30 DSVDD S Analog Supply 
Dedicated +5v for the Data Synchronizer circuitry. 

31 (34) DSPMP A Data Synchronizer Pump 
Charge pumpto the data synchronizer PLL filter. 

33(38) VCON A N-Channel Voltage Control 
N-channel control voltage for the internal VCO and charge pump. 
This voltage is the filtered output of the charge pump. 

TABLE 1-1. SIGNAL DESCRIPTIONS (Continued) 
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INTRODUCTION WD10C27 

PIN 1/0 
(10 MAP) MNEUMONIC AlS DESCRIPTION 

34(31) LPF A Low Pass Filter 
Controls low pass filter characteristics under zone control via the 
AD bus. 

35 DSVSS S Analog Ground 
Ground dedicated to the Data Synchronizer PLL. 

36(21) CHEN 0 Channel Enable 
This pin is an inverted, buffered version of the channel enable 
input, CHEN. 

37(50) CHEN I Channel Enable 
This input, active high when the ReadlWrite Channel Electronics 
are enabled, controls the state of the on-board DACs. 

38(33) WINCLK 0 Window Clock a 
This output, when enabled, represents the window clock at the 
Data Detector and may be used for window monitoring. Phase 
detector pumRdown output in test mode. 

39(41) DELRD 0 Delayed Read Data 
This output, when enabled, represents the latched RAWDATA at 
the Data Detector and may be used for window monitoring. 
Phase detector pump up output in test mode. 

40(45) RAWDATA I Raw Data 
Disk drive raw read data from the read channel circuits. Leading 
edQe timinQ, proQrammable polarity. 

41(39) WPCDATA 0 Write Precomp Data 
Precompensated/Conditioned encoded write data sent to the 
write channel drivers. Leading edge timing, programmable 
polarity. 

42 RVDD S Analog Supply 
Dedicated +5v supply to Ramp Locked Loop 
circuits. 

43 RVSS S Analog Ground 
Dedicated ground to Ramp Locked Loop 
circuits. 

44(51) WDATA I Write Data 
NRZ write data from the controller. This data is conditioned and 
precompensated and sent out on WPCDATA. 

45(40) WCLK I Write Clock 
Running at the NRZ data frequency. WCLK is provided from the 
the hard disk controller and serves as a reference clock for sam-
pling the incoming WDATA. 

46 FSVDD S Analog Supply 
Dedicated +5v for the Frequency Synthesizer circuitry. 

* XTLO and BCS are inversions of XTU and MCS respectively and this IOMAP is not bidirectional. 

TABLE 1-1. SIGNAL DESCRIPTIONS (Continued) 
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WD10C27 INTRODUCTION 

PIN 1/0 
(10 MAP) MNEUMONIC AIS DESCRIPTION 

47 FSVSS S Analog Ground 
Dedicated Qround for the Frequency Synthesizer circuitry. 

49(52) FSPMP A Frequency Synthesizer Pump 
CharQe pump for the frequency synthesizer PLL. 

50-52 PORT2-0 0 Port Two through Zero 
(37,44,49) Open drain TTL output. These outputs are directly program-

mable via the microprocessor interface. 

53(54t) XTLI I Crystal Input 
Input to active stage of integrated oscillator circuit, this frequen-
cy establishes the frequency synthesizer reference. The refer-
ence frequency is programmable via the AD bus. 

54(53t) XTLO 0 Crystal Output 
Output from active state of integrated oscillator circuit. This out-
put is left open if an external source is desired. 

57(16) HRESET I Hard Reset 
When low, this input latches the reseVpower-down mode. 

58(20) SGATE I Servo Gate 
When hiQh, this input indicates servo operations. 

* XTLO and BCS are inversions of XTLI and MCS respectively and this IOMAP is not bidirectional. 

TABLE 1-1. SIGNAL DESCRIPTIONS (Continued) 
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WD10C27 INTRODUCTION 

WDPART COMPONENT CHARACTERISTICS REFERENCE 
NUMBER DESIGNATOR 

39-600000-001 Inductor, 4.7J.l,H, 20% 4532 (3Q max. DC Resistance) L1 

19-600000-180 Capacitor, TANT, 22J.l,F, 10V, 20% (C) C1 

19-600000-171 Capacitor, TANT, 47J.l,F, 10V, 20% (D) C2 

17-602000-006 Capacitor, CER, 0.1 J.l,F, +80%1-20%, 50V, Z5R (1206) C3 

17-600002-151 Capacitor, CER, 150pF, 5%, 50V, NPO (0805) C4 

17-601 000-046 Capacitor, CER, 4700pF, 5%, 50V, X7R (1206) Cs 

17-601 000-098 Capacitor, CER,0.033J.l,F, 5%, 50V, X7R (1206) Cs 

972666-022 Capacitor, CER,0.22J.l,F, 10%, 50V, X7R (1210) C7 

15-600003-338 Resistor, CM, 5.m, 5%,1/10 Watt, 200PPM (0805) R1 

15-601 003-346 Resistor, CM, 590Q, 1 %, 1/10 Watt, 200PPM (0805) R2 

15-601003-347 Resistor, CM, 604Q, 1%,1/10 Watt, 200PPM (0805) R3 

15-601003-414 Resistor, CM, 3.01 kQ, 1 %, 1/10 Watt, 200PPM (0805) R4 

17 -600002-220t Capacitor, CER, 22pF (/47pF/68pF), 5%, NPO, (0805) COUT 

17 -600002-330t Capacitor, CER, 33pF (/68pF/100pF), 5%, NPO, (0805) CIN 

Crystal Oscillator (~40 MHz):j: Y1 

t Loading capacitor values are dependent on the selection of crystal frequency. These part numbers 
are given as examples only. See Table 9-11 - Crystal Oscillator Timing Specifications for appropriate 
load capacitor values. Not required when an external source is supplied. 

:j: When an external source is provided, XTLO is left floating. 
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WD10C27 MICROPROCESSOR INTERFACE 

2.0 MICROPROCESSOR INTERFACE 
The WD10C27 provides an 8- bit interface to the 
microprocessor for programmability. The interface 
is compatible with the Intel multiplexed ad
dress/data bus architecture. Virtually all of the 
sub-systems within the WD10C27 are accessible 
via this interface. The processor interface is 
decoupled from the input pads during disk 
reads/writes (Le., RGATE or ENCEN true) to 
reduce the possibility of unwanted disturbances to 
sensitive signal processing. Ensuring that de-cou
pling is performed is accomplished by deactivat
ing the BZOVR (busy override) bit in the Con
figuration register. In either configuration, registers 

should never be modified unless the Hard Disk 
Controller is not indicating a busy status. 

2.1 REGISTER ACCESS 

Registers are accessed by placing the correct ad
dress word on the AD bus and latching this ad
dress on the falling edge of ALE. Subsequent 
reads/writes will access the addressed registers. 
Read/writes are performed when MCS is low and 
the MRE/MWE lines are strobed. 

7 ADDRESS 0 SYMBOL REGISTER ACCESSED 

11000000 TESTO Test Modes Zero 

11000001 TEST1 Test Modes One 

11000010 TEST2 Test Modes Two 

11000011 TSTADD1 Test Address One 

11000100 TSTADD2 Test Address Two 

11000101 WSCOD Window Synthesizer Clock Oscillator Divider 

11000110 WSVCOD Window Synthesizer VCO Divider 

11000111 SAM Window Synthesizer Amplifier 

11001000 FCDAC Frequency Control DAC 

11001001 BCDAC Boost Control DAC 

11001010 HCDAC Hysteresis Control DAC 

11001011 SFCDAC Servo Frequency Control DAC 

11001100 SBCDAC Servo Boost Control DAC 

11001101 SHCDAC Servo Hysteresis Control DAC 

11001110 FSCOD Frequency Synthesizer Clock Oscillator Divider 

11001111 FSVCOD Frequency Synthesizer VCO Divider 

11010000 WPC10 Write Precompensation One/Zero 

11010001 WPC32 Write Precompensation ThreelTwo 

11010010 WPC54 Write Precompensation Five/Four 

11010011 WPC76 Write Precompensation Seven/Six 

11010100 WPC98 Write Precompensation Nine/Eight 

11010101 WPC1110 Write Precompensation ElevenlTen 

11010110 WPC1312 Write Precompensation Thirteen/Twelve 

11010111 WPC1514 Write Precompensation Fifteen/Fourteen 

11011000 WPC1716 Write Precompensation Seventeen/Sixteen 

11011001 WPC1918 Write Precompensation Nineteen/Eighteen 

TABLE 2-1. REGISTER ADDRESS MAP 
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7 ADDRESS 0 SYMBOL REGISTER ACCESSED 

11011010 WFC2021 Write Precompensation Twenty/Twenty-One 

11011011 - Unused 

11011100 CFGO Configuration Zero 

11011101 CFG1 Configuration One 

11011110 CFG2 Configuration Two 

11011111 CFG3 Configuration Three 

TABLE 2·1. REGISTER ADDRESS MAP (Continued) 

All registers in the WD10C27 are read/write 
registers, with the exception of the Version ID 
Register. As previously stated, register access is 
limited to times when disk read/write operations 
are inactive. In addition, registers are not readable 
during low power modes (Le., RSTPDN and 
ARSTPDN active.) Register bits correspond to 
bits 7-0 of the AD bus such that the most sig
nificant maps to AD7, the least significant to ADO. 

The internal read data bus utilizes a repeater 
which will latch this bus to the value of the register 
which was last read and for which the address is 
not "unused." All registers load asynchronously, 
thereby requiring no clocks to the device. Excep
tions are the Frequency Synthesizer and the Win
dow Shift Synthesizer Registers. 

For the Frequency Synthesizer, reads/writes are 
performed to a master stage. The slave is not 
updated until synchronization circuitry has 
deemed it appropriate. This requires XTU and 
Frequency Synthesizer VCO clocks. 

The WSS will not allow loads to its registers when 
WSSEN is active. 

Following a hard reset on HRESET input, the 
ARSTPDN bit in the Configuration register will be 
latched and all other register bits placed in their 
specified initial state. 

Following a soft reset/power down mode, the 
reset must first be deactivated and then all 
registers re-configured (excluding CFG3). While 
re-configuration may be performed immediately 
following deactivation of the low power modes, 
reads may not be performed until after the 
specified setting time, ensuring the output drver's 
bias generators have become fully operational. 

2.2 REGISTER DESCRIPTION 

There are six main registers banks in the 
WD10C27: 
• Configuration 
• Frequency Synthesizer Dividers 
• Window Synthesizer Control 
• Skew Symmetric Precompensation 
• Channel Control 
• Test 

2.2.1 Configuration Registers 

The configuration (CFG) registers control the 
basic functions of the sub-circuits. These registers 
are eight bits wide. 

CFGO Register: 

z z z Z 
LlJ LlJ LlJ 0 LlJ () (f) (f) Vi (f) ..- 0 

.....J a.. (f) ~ ~ ~ 
(f) (f) 

.....J a:J a:J 
a: ~ ~ a.. C?-: a.. LL I:L: 
r': CD 10 .;,t C") C\J ..- 0 

Bit 0: Frequency Band Select Zero. 
In conjunction with FBS1, FBSO controls 
the Data Synchronizer, Frequency Syn
thesizer, and Ramp Lock Loop charac
teristics. See "Table 4-2 - Frequency 
Band Selection" for band selection. 

Bit 1: Frequency Band Select One. 
See Bit 0 above. 

ADVANCE INFORMATION 11/6/91 21-11 



WD10C27 

Bit 2: Percentage Window Shift Zero. 
Used in conjunction with PWS1, PWSO 
controls the direction of window shift when 
PWSEN is active. 

Bit 3: Percentage Window Shift One. 
See Bit 2 above. 

Bit 4: Percentage Window Shift Enable. 
When active, this bit enables the PWS 
system. 

Bit 5: Window Shift Synthesis Enable. 
When active, this bit enables the WSS 
system. Must be inactive during loads to 
the WSS registers. (See section 4.2.4, 
"Window Shifting"). 

Bit 6: Write Precompensation Enable. 
When active, this bit enables the Pattern 
Dependent Precompensation system 
(RLLEN must be set to utilize fine resolu
tion capabilities). (See section 5.1, "Pat
tern Dependent Precompensation"). 

Bit 7: Ramp Locked Loop Enable. 
This bit, when set in conjunction with 
WPCEN, activates the fine resolution 
capabilities of the write precompensation 
sub-circuit. (See section 5.1, "Pattern De
pendent Precompensation"). 

CFG1 Register: 

0 0 z Z w 
Z 0 0 0 0 a: a.. 0 
w 0... a... > « 0 

0 0 ~ I- CJ) I- 0 ::2: :E 

~ 
z ::2: a: C/) N Q 

0... 

Y-! « « q:; IA >-
III 

I'- CD Ii) -<i C') C\I ..- Ci 

Bit 0: Bypass Mode. 
When active, this bit enables the bypass 
mode of the FSTATT pin. when inactive, 
the FSTATT pin is used to force fast at
tack in CHEN applications. See section 
8.0, "Channel Control DACs". 

Bit 1: Input/Output Mapping. 
When set, this bit configures the 
WD10C27 input/output in accordance with 

MICROPROCESSOR INTERFACE 

the I/O map. 10MAP is logically or'd with 
HIZEN to ensure all outputs and analog 
pins are tri-stated during I/O mapping. 
(See "Table 1-1- Signal Description"). 

Bit 2: Busy Override. 
When active, this bit defeats the decou
pIing of the AD7-0 pads from the Micro
processor Interface during disk read/write 
operations. Override mode is not recom
mended. Busy should be defeated during 
certain test modes. (See section 2.2.6, 
"Test Registers".) 

Bit 3: Reset/Power Down. 
When active, this bit will reset/power 
down all functions and set all register bits 
to a logic zero for initialization and/or 
reduced power. All outputs are held inac
tive, and the crystal oscillator stopped. Ex
ceptions include: FCDAC, HCDAC, and 
BCDAC registers and related functions, all 
of which are not effected by this bit; the 
COD and VCOD registers in both the Fre
quency and Window Shift Synthesizers, 
which are set to logic ones; and PORTO-4 
bits and PORTO-4 pins, which are not ef
fected; and the CHEN and BCS outputs 
will remain operational. The microproces
sor interface is operable during rest/power 
down, and reset/power down remains ac
tive until the RSTPDN bit is written off. 

Bit 4: All Reset/Power Down. 
This bit, when active, performs the same 
functions as the RSTPDN bit, with the ad
dition that it will reset/power down the 
FCDAC, HCDAC and BCDAC registers 
and circuitry, as well as the RSTPDN bit it
self. This bit will be latched upon HRESET. 

Bit 5: AME Odd. This bit controls relationship be
tween the AME input and the NRZ code 
word boundary. With AMODD active, the 
data word is assumed to start on an odd 
bit in the NRZ synchronization byte (Le. 
the first non-zero bit is bit 1,3,5,7); when 
inactive, the data word starts on an even 
bit (Le., 0,2,4,6). 
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Bit 6: ENCEN Odd. 
This bit controls relationship between the 
ENCEN input and the NRZ data word 
boundary. With ENODD active, the data 
word is assumed to start on an odd bit in 
the NRZ synchronization byte (Le., the 
first non-zero bit is bit 1,3,5,7); when inac
tive, the data word starts on an even bit 
(Le., 0,2,4,6). This bit reflects the data 
word boundary for GAP prior to address 
mark in ID fields, as well as the sync. byte 
following the synchronization field in DATA 
fields. This implies that the GAP data and 
synchronization byte must have the same 
data word odd/even boundary. 

Bit 7: Test Enable. 
When active, this bit enables the activa
tion of test modes based on the contents 
of TESTO-3 registers. When not active, 
this bit serves to lockout all test modes. 
(See section 2.2.6, "Test Registers"). 

CFG2 Register: 

0 
-I -I 

~ 
a: 

z ~ ~ a a z a: 
w () () a.. a.. a.. w 
() a a () 

~ 
w a: () 

u.. -I -I a.. :2 a: w 
I ?: > $: q:; $: I,L! q 
r:..: <0 Lij ~ C') N T""" 0 

Bit 0: Decoder Error. 
When set, this bit represents an error 
detected in the RAWDATA bit stream into 
the Decoder. This bit should be cleared 
via a soft reset or an explicit write to this 
bit. (See section 7.2, "Decoding"). 

WD10C27 

Bit 1: Error Pattern. 
When high, forces the Decoder to output 
NRZ ones when illegal 1 ,7 codes sequen
ces are encountered on the RAWDATA 
input. When low, NRZ zeros will be output 
for illegal sequences. 

Bit 2: Window Monitor Enable. 
When set, this bit enables the DELRD 
and WINCLK outputs for window monitor
ing capabilities. (See section 4.2.3, "Win
dow Monitoring"). 

Bit 3: Raw Data Polarity. 
When set, this bit selects active high lead
ing edge polarity on the RAWDATA input. 
When not set, active low leading edge 
polarity is selected. 

Bit 4: Write Precomp. Data Polarity. 
When set, this bit selects active high lead
ing edge polarity on the WPCDATA out
put. When not set, active low leading 
edge polarity is selected. 

Bit 5: Velocity Lock Zero. 
In conjunction with VCLOCK1, this bit set 
the velocity lock time for the acquisition se
quence. (See section 4.1, "Acquisition Se
quencer"). 

Bit 6: Velocity Lock One. 
See Velocity Lock Zero above. 

Bit 7: High Frequency Clock Enable. 
When active, this bit will divide the XTU 
frequency by two at the HFCOD prior to 
the division which occurs at the FSCOD. 
(See section 3.0, "Frequency Syn
thesizer"). 
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CFG3 Register: 

~ ~ C\J T""" ~ 
C\J 0 

l- I-
T""" a:: a:: a:: a:: a:: 

0 0 0 0 0 0 0 0 :?, :?, :?, ~ a.. a.. a.. a.. ,..... <D Lt) '<t C') C\J T""" 0 

The upper four bits of this register are read only. 

Bit 0: Port Zero. 
This bit is used to set or reset the PORTO 
open drain output. Note that setting this 
bit forces PORTO low. Although these 
ports are unaffected by the soft reset 
states invoked via RSTPDN and 
ARSTPDN, a hard reset issued to the 
HRESET pin will reset the port pins effec
tively floating PORTO-3. 

Bit 1: Port One. 
See PORTO above. 

Bit 2: Port One. 
See PORTO above. 

Bit 3: Port One. 
See PORTO above. 

Bit 4: Port One. 
See PORTO above. 

Bit 5: Version Identification Zero. 
VID2-0 are used to store a binary number 
which represents the version number of 
the device. The version number may be 
used to verify the correct iteration by the 
system. This bit is read only. 

Bit 6: Version Identification Two. 
See VIDa above. 

Bit 7: Version Identification Three. 
See VIDa above. 

2.2.2 Frequency Synthesizer Registers 

The Frequency Synthesizer is controlled by the 
Clock Oscillator Divider (FSCOD) and the VCO 
Divider (FSVCOD) which are programmed via the 
contents of the FSCOD and FSVCOD registers. 

MICROPROCESSOR INTERFACE 

These registers hold eight bit unsigned integers. 
Programming is performed using the information 
given in section 3.3, "Programming the FS 
Dividers". Pre-scaling of the input to the FSCOD 
is performed based on the state of the HFCEN bit 
in the Configuration registers. 

FSCOD Register: 

co 
C\J "<t C\J to 
~ to C') ~ co "<t C\J ~ 

Ql Ql Ql Ql Ql Ql Ql Ql 
"0 "0 "0 "0 "0 "0 "0 "0 
:~ :~ .s: .s: .s: .s: .s: :~ 
0 0 15 15 15 15 ~ 0 
t-: cO L!) -<t M N ~ 0 

FSVCOD Register: 

co 
C\J "<t C\J to 
~ to C') ~ co "<t C\J ~ 

Ql Ql Ql Ql Ql Ql Ql Ql 
"0 "0 "0 "0 "0 "0 "0 "0 .s: .s: .s: .s: .s: .s: :~ .s: 
15 15 15 15 Ci 15 q 15 
t-: cO to -<t M N ~ 0 

2.2.3 Window Synthesizer Registers 

The Window Synthesizer Clock Oscillator Divider 
(WS-COD), VCO Divider (WSVCOD), and Shift 
Amplifier are controlled by the WSCOD, 
WSVCOD, and SAM registers respectively. The 
WSCOD, WSVCOD, and SAM registers hold four 
and five bit unsigned integers. These registers 
should be programmed using the information 
given in section 4.2.4, "Window Shift Synthesis." 

WSCOD Register: 

co "<t C\I 

Ql Ql Ql Ql 
"0 "0 "0 "0 .s: .s: .s: :~ 
15 i;:j i;:j q 
c.; C\I 0 
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WSVCOD Register: 

co 
to 

SAM Register: 

to v C\I ,.... 

~ ~ ~ ~ 
<C <C <C <C 
CJ) CJ) ~ CJ) 

M C\i ,.... 0 

Ql 
"0 .s; 
15 o 

2.2.4 Skew-Symmetric Precomp. Registers 

There are twenty-two 4 bit wide nibbles which 
control the magnitude of precompensation for the 
Skew-Symmetric Precompensation system. Each 
nibble corresponds to a phase shift value in per
cent of the code bit window, T, for a given three bit 
sequence. The upper two bits are programmed to 
generate a coarse setting, while the lower two bits 
generate a fine setting. Eleven registers are used 
to hold the complete precompensation matrix, 
each register holding two consecutive nibbles. 
Note that WPC2021 has the nibbles reversed. 
See section 5.1, "Pattern Dependent Precompen
sation." 

WPCxxxx Registers: 

T"" 0 T"" 0 

Q) Q) 
T"" 0 

Q) Q) 
T"" 0 

l!! l!! l!! l!! 
as as Q) Q) as as Q) Q) 

0 0 c: c: 0 0 c: c: 
0 0 u:: u:: 0 0 u:: u:: 
:f :f :f :f .3 0 ~ 0 

...J ...J 
t..: cO ..0 ,;,f (ti N T"" (:) 

WD10C27 

2.2.5 Channel Control Registers 

The Channel Control registers consist of registers 
for controlling the three on board DACs. These 
registers and their associated functions remain 
unaffected by the RSTPDN bit. Resetting and 
power reduction are accomplished by the 
ARSTPDN bit. SGATE multiplexes the input code 
to the DACs between the Data bank and the 
Servo bank. 

The DAC registers hold five bit unsigned integers 
representing the DAC conversion ,viilues for each 
of the three DACs. In addition, each register has a 
bit which can be used to disable the DAC for 
reduced power. The HCDAC has one additional 
bit for function control. 

FCDAC & BCDAC Registers: 

z co 
W 

,.... ex> v C\I ,.... 

~ () 0 () ~ () 
<C <C <C <C 

0 0 0 0 q q 
LO ~ M C\I ..- a 

HCDAC Registers: 

z co ..- ex> v C\I ,.... 

I~ 
w 
() () () () () () 
<C <C <C <C <C <C 
0 0 0 0 q 0 

ici Ii') ~ M C\i ,.... 0 

SFCDAC, SBCDAC, and SHCDAC Registers: 

co ..- ex> 
""" 

C\I ..-
0 0 0 0 0 
<C <C <C <C <C 
0 0 Cl Cl Cl 
~ M C\I ..... (:) 
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2.2.6 Test Registers test is activated. Also see NLBTST and 
There are three registers which control test func- RLBTST modes. 
tions on the WD10C2? called TESTO-2. TSTEN 
must be active in the Configuration register before Bit 2: Frequency Synthesizer Frequency Down 
the test modes will be invoked. Test. 

Each bit in the TEST registers represents a uni
que mode which has been created to ensure the 
quality of the product through design for tes
tability. Some of the test modes provide 
synchronization of otherwise asynchronous cir
cuits, while others provide visibility of internal logic 
structures to ensure high fault coverage. 

In addition, mutually exclusive test modes 
(Le., RLBTST/NLBTST, WSUSDTSTIWSLSDTST, 
DSFUPTST/DSFDNTST, WSFUPTSTIWSFDNTST, 
DSPLKTSTIDSVLKTST) are leveraged to enable 
additional test modes when both are selected. 

TESTO Register: 

() () I- en () 
w c z Z Q. 

a: () ~ a: >- c ::> 0 
~ 

I- en LL. LL. Q. aJ Z ~ ~ ~ 
0 

a..: s: ::! () Q. 
,;..: cO Ui .;,t (.) N ,.... 0 

Bii 0: Frequency and Window Shift Synthesizer 
Phase Detector 1/0 Test. 
This test takes the Frequency 
Synthesizer's phase detector pump up 
and pump down outputs to ADO-1 respec
tively, the Frequency Synthesizer's phase 
detector inputs (the FSVCOD and 
FSCOD outputs) to AD2-3 respectively, 
the Window Synthesizer's phase detector 
pump up and pump down outputs to AD4-
5 respectively, and the Window 
Synthesizer's phase detector inputs (the 
WSVCOD and WSCOD outputs) to AD6-? 
respectively during reads of the special ad
dress, TSTADD1. Note that BSOVR must 
not be active. 

Bit 1: Frequency Synthesizer Frequency Up Test. 
This test forces a DC pump up error in the 
Frequency Synthesizer by gating off the 
FSCOD input to the phase detector. If 
both FSFUP and FSFDN are set, neither 

This test forces a DC pump down error in 
the Frequency Synthesizer by gating off 
the FSVCOD input to the phase detector. 
If both FSFUP and FSFDN are set, 
neither test is activated. Also see NLBTST 
and RLBTST modes. 

Bit 3: Frequency Synthesizer Synchronization 
Test. 
This test takes the output of the HFCOD 
to the input of the FSVCOD as well as to 
the Frequency Synthesizer output for 
synchronous open loop testing. The ring 
oscillator is halted. 

Bit 4: Frequency Synthesizer and Window Shift 
Synthesizer CODIVCOD Counts. 
This test takes each of the eight counts 
out of the Frequency Synthesizer's 
FSCOD to the AD bus during reads of the 
FSCOD, each of the eight counts out of 
the Frequency Synthesizer's FSVCOD to 
the AD bus during reads of the FSVCOD, 
each of the four counts of the Window 
Shift Synthesizer's WSCOD to ADO-3 
during reads of the WSCOD, and each of 
the five counts of the Window Shift 
Synthesizer's WSVCOD to ADO-4 during 
reads of the WSVCOD. Note that BSOVR 
must not be active. 

Bit 5: Internal Loopback Test. 
This bit, when set, internally activates 
RGATE and ENCEN, and is intended to 
be used in conjunction with either 
RLBTST or NLBTST. When used, for ex
ample with NLBTST, 3T WPCDATA will be 
steered internally to RAWDATA and PLL 
lockup achieved without a disk drive 
present. 

Bit 6: WPCDATA DC Test. 
When active, this bit causes the output on 
WPCDATA to remain inactive during disk 
write operations, resulting in DC erasure 
of the media. This bit will not affect the in-
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ternal WPCDATA signal used during loop
back testing. 

Bit 7: Pattern Recognizer Test. 
When active, this bit allows special control 
of the precompensation circuits. Used in 
conjunction with a read from any of the 
WPC registers, the Pattern Recognizer's 
register selection will be dynamically 
directed to the AD4-0, with AD4 reflecting 
precompensation direction (high is late, 
low is early). In addition, unprecompen
sated data out of the Pattern Recognizer 
is available on AD7, AD6 and AD5 are 
grounded. Used in conjunction with writes 
to any of the WPC registers, the vaiue writ
ten on AD4-0 will subsequently be used 
as a constant precompensation value, 
thus bypassing the Pattern Recognizer. 
Writes must be at least two T long, and 
must not be followed by a read unless 
XTU is temporarily stopped. 

TEST1 Register: 

!n l- (/) l- I-
C/) t; C/) C/) 

l- I-
l- I- l- I-

C/) C/) I- 0 0 z z a. 
l- I-

C/) C/) C/) >- 0 ::::J 
aJ aJ ~ ::::J ....I C/) I.L I.L 
....I ....I ....I C/) C/) C/) C/) C/) 

z a: 0 ~ ~ ~ ~ ~ r:.: «i Iii 
"'" '" C\l C:i 

Bit 0: Window Shift Synthesizer Frequency Up 
Test. 
This test forces a DC pump up error in the 
Window Shift Synthesizer by gating off the 
WSCOD input to the phase detector. If 
both WSFUPTST and WSFDNTST are 
set, neither test is activated and ENCBYP 
test mode is enabled. During this test 
mode, WDATA (or RDATA is RLBTST is 
set) is presented to the precompensation 
circuits directly, bypassing the FIFO, En
coder and Pattern Recognizer. 

Bit 1: Window Shift Synthesizer Frequency Down 
Test. 
This test forces a DC pump down error in 
the Window Shift Synthesizer by gating off 
the WSVCOD input to the phase detector. 

WD10C27 

If both WSFUPTST and WSFDNTST are 
set, neither test is activated and ENCBYP 
test mode is enabled. See WSFUPTST 
for details. 

Bit 2: Window Shift Synthesizer Synchronization 
Test. 
This test takes the input of the WSCOD to 
the input of the WSVCOD for 
synchronous open loop testing. 

Bit 3: Window Shift Synthesizer Lower SAM 
Decode Test. 
This test takes the Window Shift • 
Synthesizer's lower eight of sixteen SAM 
decode values to the AD bus during reads 
of the SAM register. The decode is active 
low. Note that BZOVR must not be active. 
Note that if both Upper and Lower SAM 
Decode tests are selected, neither will be 
activated and the CLKRST test mode is in-
voked. During the CLKRST test mode, 
the Data Synchronizer and Frequency 
Synthesizer are reset. This is useful fol-
lowing selection of FSSYNC and/or 
XVCOTST modes to reset clock paths 
(i.e., dividers and counters, including the 
FSCOD and FSVCOD registers) to known 
states. 

Bit 4: Window Shift Synthesizer Upper SAM 
Decode Test. 
This test takes the Window Shift 
Synthesizer's upper eight of sixteen SAM 
decode values to AD bus during reads of 
the SAM register. The decode is active 
low. Note that BZOVR must not be active. 
Note that if both Upper and Lower SAM 
Decode tests are selected, neither will be 
activated and the CLKRST test mode is in
voked. See WSLSDTST for details. 

Bit 5: Delay Locked Loop Test. 
When set, this bit forces the DLL control 
voltages to the rails and bypasses the 
RLL, allowing low frequency functional 
testing without concern for DLURLL fre
quency limitations. RAW DATA and 
WPCDATA pulse forming are disabled. 

Bit 6: RLL Loop Back Test. 
When set, this bit will internally connect 
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the RDATAlRCLK outputs to the 
WDATAIWCLK inputs for simultaneous 
testing of the Data Synchronizer, Decoder, 
Encoder, and Write Data Conditioner func
tions by driving RLL RAWDATA and in
specting RLL WPCDATA. If both NLBTST 
and RLBTST are set, neither loopback 
test is activated and FSFUP/FSFDN and 
DSFUPTST IDSFDNTST test modes are 
modified so as to drive the Charge Pump 
circuits directly, requiring no digital stimula
tion to test pump currents. See ILBTST in 
TESTO. 

Bit 7: NRZ Loop Back Test. 
When set, this bit internally connects the 
WPCDATA output to the RAWDATA input 
for simultaneous testing of the Encoder, 
Write Data Conditioner, Data Synchroniz
er, and Decoder functions by driving NRZ 
WDATAIWCLK and inspecting NRZ 
RDATAlRCLK. If both NLBTST and 
RLBTST are set, neither loopback test is 
activated and FSFUP IFSFDN and 
DSFUPTST IDSFDNTST test modes are 
modified so as to drive the Charge Pump 
circuits directly, requiring no digital stimula
tion to test pump currents. Note that loop
back tests force internal polarity consisten
cy between WPCDATA and RAWDATA. 
See ILBTST in TESTO. 

TEST2 Register: 

l- I- l- I- tn I-
(/J 

~ 
(/J 

~ ~ 
(/J l- I- tl: l-
t; (/J z ~ X ....J ....J I- Cl ::J 

::2 a. > 0 a. LL LL 0 
Cl (/J (/J > ....J (/J (/J 0 a. Cl Cl ~ 0 Cl q -;r; 
r.:..: <D Iii v (.j N 0 

Bit 0: Acquisition Sequencer Test. 
This test takes the Acquisition Sequencer 
outputs DET6, DET9, HFDET, TIMEOUT, 
PLOCK, FRAMED, FIFORST, and 
DECERR to ADO-7 respectively during 
reads of the special address, TSTADD2. If 
the PWSD test has also been selected, 
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neither test mode will be activated. Note 
that BZOVR must not be active. 

Bit 1: Data Synchronizer Frequency Down Test. 
This test force a DC pump up error in the 
Data Synchronizer by gating off the data 
input to the phase detector. If both 
DSFUPTST and DSFDNTST are set, 
neither are activated. Also see NLBTST 
and RLBTST modes. 

Bit 2: Data Synchronizer Frequency Up Test. 
This test force a DC pump down error in 
the Data Synchronizer by gating off the 
VCO input to the phase detector. If both 
DSFUPTST and DSFDNTST are set, 
neither are activated. Also see NLBTST 
and RLBTST modes. 

Bit 3: Open Loop Test. 
This test disconnects the Data 
Synchronizer's charge pump output, 
DSPMP, from the VCON pin to allow for 
testing of the charge pump and VCO char
acteristics. It also disables the voltage 
clamps on both the Data Synchronizer's 
and Frequency Synthesizer's VCOs while 
leaving these ring oscillators fully opera
tional. 

Bit 4: External VCO Enable Test. 
When active, this bit allows for an external 
VCO signal to be applied on the LPF pin. 
The VCO signal should be at TIL levels 
and at a frequency which equals three 
times the NRZ data rate. The ring oscil
lator is halted. 

Bit 5: Data Synchronizer Velocity Lock Test. 
This test will force the Data Synchronizer 
to remain in Velocity Lock mode by stall
ing the Acquisition Sequencer prior to 
entering Phase Lock. If both DSVLKTST 
and DSPLKTST are set, neither are ac
tivated, HIZEN mode is activated. When 
active, this mode will cause all output 
drivers and analog pins to be placed in a 
high impedance state. Exceptions include 
the microprocessor pins and XTLO. The 
microprocessor outputs may be tri-stated 
by asserting either RGATE or ENCEN 
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with BZOVR inactive, and all outputs are 
placed in a high impedance state. 

Bit 6: Data Synchronizer Phase Lock Test. 
This test forces the Acquisition Sequencer 
and Data Synchronizer charge pump and 
filter into phase lock configuration to allow 
for testing of the PLL tracking charac
teristics without the need to stimulate the 
Acquisition Sequencer or Address Mark 
Detector. VCO clocks are required to 
synchronize phase lock to the digital cir
cuits. BZOVR should be activated prior to 
setting this bit, as this test mode forces in
ternal RGATE true and places the device 
in the BUSY state. Without BZOVR ac
tive, permanent lockout of the Micro
processor interface will result, requiring 
power down to escape the test mode. 
See BZOVR in the Configuration register 
for details. If both DSVLKTST and 
DSPLKTST are set, neither are activated, 
HIZEN mode is activated. When active, 

WD10C27 

this mode will cause all output drivers and 
analog pins to be placed in a high im
pedance state. Exceptions include the 
microprocessor pins and XTLO. The 
microprocessor outputs may be tri-stated 
by asserting either RGATE or ENCEN 
with BZOVR inactive, and all outputs are 
placed in a high impedance state. 

Bit 7: Phase Detection Multiplex Enable Test. 
When active, this bit directs the phase 
detector frequency up/down error signals 
to the DELRDIWINCLK outputs respec-
tively. The WMEN bit must be set in the _ 
configuration register. (See section 2.2.1, _ 
"Configuration Registers"). 

ADVANCE INFORMATION 11/6/91 21-19 



WD10C27 

3.0 FREQUENCY SYNTHESIZER 
The frequency synthesizer output serves as the 
"crystal" reference for several sub-circuits: the 
Delay Locked Loop and Ramp Locked Loop cir
cuits for scaling with data rate; the Data 
Synchronizer for reference when the PLL is not 
locked to RAWDATA; the Address Mark Detector 
and Acquisition Sequencer; and the Write Data 
Conditioner/Encoder for processing of sensitive 
write signals. 

The WD10C27 utilizes a dual divider frequency 
synthesizer architecture to generate frequencies 
which never exceeds 140 KHz. Given this, and 
the flexibility of the programmable crystal input 
frequency, highly efficient use of zones may be 
accomplished. 

3.1 PROGRAMMABLE FS CRYSTAL 
REFERENCE (XTLI) 

The crystal input is designed to accept input fre
quencies up to 16 MHz when using the active 
stage, or up to 40 MHz when an external source 

r---

FREQUENCY SYNTHESIZER 

is provided. If an external source is used, XTLO is 
left open. The crystal input frequency should 
never exceed 20 MHz unless HFCEN is active in 
the Configuration register. To avoid harmonic lock
up of the various PLLs, the crystal input frequency 
should never be removed unless a soft reset is 
issued after the crystal input is re-applied. 

3.2 FS DIVIDER OPERATION 

The digital portion of the synthesizer consists of a 
High Frequency Clock Oscillator Divider, a Clock 
Oscillator Divider to divide the input reference 
(XTLI), and a VCO Divider to divide the VCO out
put. The crystal input frequency is divided down 
based on the contents of the HFCEN bit in the 
Configuration registers, and the contents of the 
FSCOD register. The VCO output frequency from 
the PLL is similarly divided, based on the contents 
of the FSVCOD register, to match the frequency 
output of the FSCOD output. 

A 
FSPMP 

I MUX 01 FSVCOD r---
HFCO~t---t XTU I (div-by-2 

HFC'ENt Phase-
Charge 
PU7 VCO Frequency - an :- -

Micro-P Detector Filter (3xNRZ) 

rB -~FSVCOD~ 
FSSYNC 

Div-by-2 MU~ 
Tnl 

NRZ 
Div-by-3 MUX 

FIGURE 3-1. FREQUENCY SYNTHESIZER BLOCK DIAGRAM 
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The PLL architecture is almost identical to that of 
the Data Synchronizer. Phase-frequency locked 
loop synchronization is performed on the output of 
the FSCOD. The Charge Pump drives a VCO 
which utilizes a ring oscillator architecture at three 
times the NRZ data rate. The output of the charge 
pump is filtered at a very low bandwidth for high 
jitter rejection, while the VCO gain is modified 
based on the current zonal frequency to establish 
loop gain constancy. At the output of the Frequen
cy Synthesizer, the VCO is operating at three 
times the NRZ data frequency. The NRZ and 
channel rate frequencies are ultimately steered to 
the other sub-circuits as their "crystal references". 
The coded rate, channel rate, or window clpck, is 
herein referred to as T RLL. The period, T, of the 
window clock defines the width of the phase and 
data detection windows. The frequency of T RLL 
defined with respect to the NRZ data rate (fNRZ), 
is therefore given by 

EQ.1.0 
fAll = 

where 
EQ.2.0 

TAll -.L 

and 
EQ.3.0 

fRll 

7.5 MHz ~ fNRZ.5. 33 MHz 

Finally, the 3X NRZ VCO output is divided by four 
and used as the input to the FSVCOD. 

3.3 PROGRAMMING THE FS DIVIDERS 

Frequency Synthesis is accomplished by 
programming the FSCOD and FSVCOD registers 
such that the equality 

WD10C27 

EQ4.0 
314 x fNAZ
FSVCOD + 1 

-.JHFCOD_ = fFSPll 
FSCOD + 1 

is satisfied, where fHFCOD is the pre-scaled crystal 
input frequency, and fFSPLL is the Frequency Syn
thesizer PLL operating frequency range and is 
given by 

EQ.S.O 
95 KHz ~ fFSPll ~ 105 KHz 

Rearranging Ea. 4.0, 

EQ.6.0 
fNRZ = .(1l. x (FSVCOD + 1) X fHFCOD 

(3) ( FSCOD + 1 ) 

it can easily be seen that the NRZ jrequency is 
simply a ratio of the crystal reference frequency 
which may be pre-scaled in the HFCOD. 

Because each side of Ea. 4.0 must not only satis
fy the equality, but satisfy Ea. 5.0, selection of 
VCOD value can now be determined based on 
the NRZ data rate and the preferred crystal fre
quency. Note that to program a value of N, the 
registers must be loaded with a value of N-1. 

The FSCOD and FSVCOD registers are eight 
bits, allowing for division up to 256 in both 
dividers. In addition, if the HFCEN (high frequency 
clock enable) bit in the Configuration registers is 
active, the XTU frequency is divided by two in the 
HFCOD prior to entering the FSCOD. This results 
in the FSCOD values effectively being doubled, 
allowing for division of the input from 2 up to 512 
in multiples of 2. HFCEN will be active on power 
up. 

Minimum and maximum divider values are deter
mined from Ea. 3.0 through Ea. 5.0 as follows. 
For the legal range of FSVCOD values, given the 
NRZ frequency range and the FS PLL range, we 
have 

ADVANCE INFORMA T/ON 11/6/91 21-21 

.. 



WD10C27 

EQ.7.0 
3/4 x tr:m.z (min) ~ FSVCOD+ 1 ~ 3/4 x tr:m.z (max) 

fFSPLL (max) fFSPLL (min) 

EQ.7.1 
5,625 MHz ~ FSVCOD + 1 ~ 24 75 MHz 

105 KHz 95 KHz 

EQ.7.2 
53 ~ FSVCOD $... 255 

For the FSCOD values, the legal maximum is 
constrained by the maximum frequency of the 
crystal reference. This reference may never ex
ceed 40 MHz. Since the HFCEN bit must be set 
for crystal reference frequencies greater than 20 
MHz, the output of the HFCOD will never exceed 
20 MHz. 

FREQUENCY SYNTHESIZER 

Therefore, we have 

EQ.8.0 
.iHFCOP (min) ~ FSCOD + 1 ~ fHFCOP (max) 

fFSPLL (max) fFSPLL (min) 

EQ.8.1 
o MHz ~ FSCOD + 1 $... 2Q...M!::g 

105 KHz 95 KHz 

EQ.9.0 
o $... FSCOD $... 209 

See section A.1, "Frequency Synthesizer" for software 
automation of these calculations. 
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4.0 READ CHANNEL 
4.1 ACQUISITION SEQUENCER 

The WD1 OC27 supports both hard and soft sector 
formats. The acquisition sequence is initiated 
when either RGATE or AMD are asserted. Other 
than the Address Mark search and timing of data 
acquisition off of AMD, there are no further dis
tinctions between hard and soft sector operations. 

4.1.1 Soft Sector Sequencing 
In soft sector formats, the Acquisition Sequence is 
initiated upon receipt of AMD. When AME is as
serted, and neither SGATE or ENCEN are active, 
pulse formed raw read data is synchronized to 
TRLL and sent to the Address Mark Detection cir
cuitry. The previously written address mark (AM) 
is matched, AMD is asserted and the AM search 
is complete. 

Redundancy in the address mark creates an in
herent uncertainty in the timing of AMD with 
respect to the synchronization field. It is therefore 
necessary to delay the start of the acquisition se
quence to avoid acquisition to the end of the ad
dress mark. Unlike other designs which simply 

RAWDATA 

WD10C27 

count three raw read data transitions from the 
assertion of RGATE, the WD10C27's Address 
Mark Detector actually uses pulse period dis
crimination to further qualify address mark detec
tion. Thus, AMD is asserted only after three high 
frequency periods have been sensed on the raw 
read data following the occurrence of an address 
mark. This additional qualification serves to 
reduce the chances of false detection due to 
servo fields, write splices, unformated surface, 
defects, etc. Additionally, the acquisition sequence 
begins immediately upon assertion of AMD, 
saving several bits of synchronization field lost in 
other schemes due to the AMD-to-RGATE round 
trip delay. 

Upon receipt of AMD, the hard disk controller 
should respond by asserting RGATE and de-as
serting AME. The acquisition sequence is initiated 
upon receipt of AMD. At the end of the velocity 
lock time, if the hard disk controller has not yet 
responded with RGATE, the acquisition sequence 
is terminated. 

~ AM >k~ ___ 3_T_s..:..yn_c_h._F_ie_ld ____ _ 

~ Synchronization Delay (1-2Ts) 
Sync. RAWDATA;...-_ ..... 

Gap X AM >:<~ ___ 3T_S.:....yn_ch_._F_ie_ld __ _ 

"''-----
AMD \'--_______ / 

: 0( data acquisition ~ 

~R~G~AT~E~ _______________ ~~ 

Data Acquisition (vlock) /. ~ 
~Tr~a~Ck~in~g~(p~IO~Ck~) _____________ ~~ 

FIGURE 4-1. SOFT SECTOR TIMING 
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4.1.2 Data Acquisition and Tracking 

For both hard and soft sector formats, upon 
receipt of either RGATE or AMD respectively, 
phase-frequency detection (velocity lock) is used 
to quickly and reliably acquire lock to the incom
ing raw read data. Use of this technique 
eliminates susceptibility to harmonics and asym
metry. The velocity lock time is programmable 
from 5 to 8 NRZ byte times via the VLOCKO/l bits 
in the Configuration register, although eight byte 
times is recommended. 

VLOCK1 VLOCKO Vlock Time Tvlk 

0 0 60 T (5 NRZ Bytes) 

0 1 72 T (6 NRZ Bytes) 

1 0 84 T (7 NRZ Bytes) 

1 1 96 T (8 NRZ Bytes) 

TABLE 4-1. VELOCITY LOCK TIME 
SELECTION 

At the end of the programmed velocity lock time, 
the Acquisition Sequencer switches the PLL to 
phase-only detection (phase lock). Phase lock is 
used to complete phase acquisition before the 
end of the synchronization field and enable track
ing of the average channel rate as seen on the 
random raw read data. The phase jump at the 
acquisition-to-tracking switch-over due to mUlti
plexing seen in other circuits is avoided through 
the use of a patented frequency switch-over cir
cuit which guarantees zero-phase jump. However, 
due to the possibility of defects in the 
synchronization field, a minimum of four NRZ byte 
times (16 "001 "s) are recommended to eliminate 
any residual phase/frequency errors. 

At the switch-over from velocity lock to phase 
lock, several critical events occur: 

READ CHANNEL 

• as mentioned, phase-only detection begins in 
the PLL 

• the charge pumps/filter are switched for low 
gain and reduced bandwidth following 
synchronization to two pump pulses 

• the RCLK source is redirected from the 
Frequency Synthesizer's reference to the Data 
Synchronizer's VCO, divided to the NRZ data 
frequency 

• the Decoder begins a pattern match for 3 
consecutive "001 "s - when complete, framing 
is assured and decoded raw read data is 
presented on the RDATA output 

When reading is complete, RGATE is de-asserted 
and the RCLK source will return to the Frequency 
Synthesizer reference, the PLL returns to high 
gain acquisition of the reference frequency, and 
the Acquisition Sequencer is re-armed to repeat 
sequencing when appropriate. 

4.1.3 RCLK Source 

In the WD10C27 architecture, it is assumed that 
the hard disk controller will be using RCLK during 
write commands as its NRZ reference clock, 
WCLK. To accommodate the fast 10 read-to-data 
write times (i.e., RGATE de-assertion to WGATE 
assertion), RCLK must switch back to the crystal 
reference without the transients that are as
sociated with acquisition back to the Data 
Synchronizer's reference. Therefore, at both the 
onset and termination of phase lock, the Frequen
cy Synthesizer or Data Synchronizer's VCO, 
divided down to the NRZ data rate, is steered to 
the RCLK output accordingly. During this transi
tion, RCLK will be stopped for up to two NRZ 
clock cycles to perform synchronization and pro
vide a glitch-free RCLK transition. 
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UI:Unknown I tewal (2T- T), : 
, ~: :+ HF:High Freq.(3 "001"s). ~:VI6ck:20-32: "001"s 

FORMAT """-, AM·.50T-51T ----"oo.'~ lIlock:20-3.2 "001"s min : :' . 
'.....- """""": -~: B8:Bil Sync (3,001"s): ~:~ BS;Bil Sync (3 "001"s) 

: :, : Plock:16 "OOI"s Recommended :~ Plock:16"001"s Reco~mended 

ENCEN 

AME ______ -J~~------~ __ ~~ __________ ~ ____ ~--__ ~ ________________ ~ __________ _ 
EN DEC ,: , 
~:~-o(- AM Gen. -~"'o(f--"";""~----~--~- Enpo, qa, --------~---~~ 

Off : Ene : ' 

READ 

AME (soft sector) 

AMD (soft sector) 

RGATE 

, , , , 

\'----
ENDEC ... 0(E-------- Off ------;..---....;~~i~ Decode ~~ iOff ~: ~ Decode ---":-0(-- Off ~ 

~~u~~ ... 0(E------ Ref 

WRITE 

~i +- veo ~i~~ef ~ ... o(f---- veo ----l~~i~ Ref -> 
, , , , , , 

AME (soft sector) g; 

AMD (soft sector) 

RGATE ----------------------+J 
ENC_EN ______________________ ~--_+~----------_+--~;( \)..--i __ 

, " 
EN DEC ""0(E-------- Off -----------~:~ Decode ~:~""0(E------ Encode --~~~:-o(--Off ~ 

Off ~ 

VCO,------------~~-------~~------------------
~~~~ ""0(E----- Ref -------'~~:~ veo ~:""0(E-------- Ref 

• Three NRZ bytes recommended. 
•• Four NRZ bytes recommended. 

FIGURE 4-2. THE ACQUISITION SEQUENCE 
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Trll 1 .1 ~ 1 WSCOD 

~ Phase- Charge 
Frequency f----+ PUn;? t---,-. VCO 

Micro-P Detector an 
Filter 

r WSCOD ~ ~ 

t Phase Lock 1 J % windowl --l Enable ~ Delay Half 
RAW 

ill + + 
Window 

Phase- Charge 
DATA Frequency ___ Pump f-f+ VCO 

PWSEr:l 1 Detector and 
MUX Filter ,... 

Phase Lock 

-' ~ (NRZ) 

I-_----'-,.at Divider I-

WSSEN 

MUX~' 
~ zero Shift Amplifier Symmetrical 1+---1 VC }-
~ ss (variable delay) G~~ne~~~r 

.-------1 MUX 'I+----------d 

. WINCLK .----"'-- Data 
4-l~:;r-D~E.:.:L.:.:R.:..D ___ ~ _____ 1 Detector f-+SYNCRD 

FIGURE 4-3. DATA SYNCHRONIZER BLOCK DIAGRAM 

4.2 DATA SYNCHRONIZER 

4.2.1 Phase-Locked Loop 

The PLL is uniquely designed to eliminate the 
typically non-linear loop characteristics inherent in 
other architectures. Using a proprietary technique, 
the charge pump and VCO gains are inter-de
pendent. As VCO gain changes, the charge 
pumps are compensated, thus maintaining charge 
pump symmetry and loop gain linearity. 

In most PLL designs, increased or decreased 
sample rates into the PLL for zoned media results 
in an undesirable change in loop gain. Some 
designs compensate by allowing for gain changes 
based on zonal information. This can result in 
phase margin loss and necessitates a com
promised loop design. In contrast, the WD10C27 
makes use of the zonal information not only to 
modify gain, but to optimize the filter charac
teristics. This is accomplished with no external 
component changes. 
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The VCO ring oscillator architecture is fully in
tegrated, allowing for precise compensation of 
temperature, voltage, processing, and aging ef
fects. The VCO operates at three times the NRZ 
data rate (two times the channel rate) and is 
divided down to the NRZ data rate at the RCLK 
output. 

The WD10C27 optimizes loop gain and 
bandwidth using frequency information obtained 
via the processor interface. PLL characteristics 
are modified at pre-determined frequency bands, 
selectable via the frequency band selection bits 
FBSO and FBS1 in the CFG register. 

4.2.2 Window Generation 

The Data Synchronizer utilizes Western Digitals 
proven DLL technology to generate precision 
phase detection window centering. The data 
detection window generation is accomplished via 
a proprietary symmetrical window generation 
scheme employing the 3xNRZ VCO and sym
metrical CMOS circuit/layout structures. Window 
centering automatically tracks frequency changes, 
either due to components such as motor speed 
variations, or as a result of zonal frequency chan
ges. This system suffers no digital losses due to 
setup/hold times, rise/fall variations, current im
balance, inaccurate 180 degree phase shifts, 
parasitics, etc. 

Phase 
NRZ Detector 

Band FBS1 FBSO Data Rate Gaint 
(MBps) Ko 

0 0 0 7.5::; fdr::; 9.6 KOD 
K01 1 0 1 9.6 < fdr ::; 13.5 
K02 

2 1 0 13.5 < fdr::; 19.1 

3 1 1 19.1 <fdr < 33.0 K03 

WD10C27 

4.2.3 Window Monitoring 

Window monitoring may be performed through in
spection of the DELRD and WINCLK outputs. 
Window centering is achieved when DELRD 
rising edges are centered within the rising edges 
of WINCLK. With the PDMXTST (phase detector 
multiplex test) bit active in the test registers, these 
outputs will reflect the digital phase error signals 
out of the phase detector. DELRD will represent 
frequency up errors, while WINCLK will represent 
frequency down errors. Used differentially, these 
signals may be used to reconstruct the error 
amplifier envelope during acquisition and/or track- _ 
ing. _ 

Window monitoring is enabled by activating the 
WMEN bit in the configuration registers. When 
WMEN is not set, the DELRD and WINCLK out-
puts will be held low. 

4.2.4 Window Shifting 

Window shifting takes place at the Data Detector 
by two methods which result in a shift in the 
relationship between DELRD and WINCLK. The 
first method, Percentage Window Shift, uses the 
half-window delay line to advance or delay 
DELRD by an amount determined via the micro
processor, and which automatically scales with 
changes in the data rate. The second method, 
Window Shift Synthesis, synthesizes a delay 
value selected via the microprocessor and advan
ces or delays WINCLK by the programmed 
amount. Both methods may be used simul
taneously. 

Open Filter Resistors 
VCO Loop 

Rpv* RLPF Gain Gain 
Ko Kv Int. Ext. Int. Ext. 

KOD KVD 00 

KV1 
00 

2.2kQ K01 3.01kQ OQ 
K02 KV2 3kQ 1.4Q 

K03 KV3 1.5kQ 
... ... 

t Halved dunng data acquIsition :j: Shorted dunng data acquIsItion 

TABLE 4-2. FREQUENCY BAND SELECTION 
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IDSPMP 

Linearized 
Actual Linearized 

Actual ':: ................. :;7 .... /..~ 'U, 
11f" .. ~···[·~ : 

'is ...... ':' ... ".: : r SIOW 

12 .•..•• 'p=-=-" :......: fast 

f1 ....• '. : 
· . . . · . . . · . . . · . . . 

. '. 
-+----:v,..,-, ""V~,,-:f""2,----"'V2-1 - fOR(V) 

I . ( f(V) . f(V +11 V») (percent) 
fOR = 100x fave llV ~ I 

KDx is the linearized Phase Detector gain. 11 and 12 
are the charge pump currents obtained at the frequency 
limits of the frequency bands, fl and f2' 

~~~ ,is ~~: t~~~iJ!i~!n oit" t~~6ffsRatb~~~~.ra~~ r~ :ng.~~ ~~:~~~1in 
vco~ in a direction away from the band edge. fave is the average 
of f(V) and f(V+.V). 

21-28 

FIGURE 4-4. CHARGE PUMP GAIN 
CHARACTERISTIC 

FIGURE 4-5. VCO IV CHARACTERISTIC 

Linearized 
Actual 

slow 
-+'-~---;"----:-----:--'---- fDR(V) 

favels fave2s favett fave2f 

( f'2x-" 1 x ) f (percent) 
Kox = fave2xJ avelx (fDR·fave lx) + IX ~ 

KOx is the linearized VCO gain in %MlVas a function of data rate. 
The gain is linearized between f'lx and f'2x, where f'lx and f'2x 
are defined in "Fig. 4-5, VCO IV Characteristic", and subscript 
"x" reflects the variation in gain associated with the fast and 
slow operating corners. 

FIGURE 4-6. VCO GAIN CHARACTERISTIC 
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en '" ::T ,. ;: 
'" l> 0> 

3 
"E.. " :;; ex> 

ci" a "' o· ;:; 
? :::: 

en N 
l> oj 
~ 

~ + ..... 
0; 

a; 

(+) 
Window 

Clock 
(-) 

Window 
Clock 

TRLL 
-2-

< 
0 

TRLLn 

WD10C27 

Delay, ~wss (EQ.18.0) 

a 

p " >: oSltlve ' 
: Window Shift : 

+ TRLL: TRLL 0 TRLL : TRLL 0 TRLL 
--2- + --'--- + -2-

2 2: 2 

>: :< TRLL1 ">:< TRLLO > 

% Window Shift, Twss (EQ.19.0) 

FIGURE 4-7. WINDOW SHIFT SYNTHESIS 
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Percentage Window Shifting 

The Percentage Window Shift (PWS) approach 
allows for window shifting as a percentage of the 
window, T. This system is convenient as it is 
simple to use and scales with data frequencies. 
Window shifting can be programmed to 6.25% or 
12.5% of T using this system. 

PWS is enabled by activating the PWSEN bit in 
the CFG register, while direction and magnitude 
are selected by programming the PWSO and 
PWS1 bits in the CFG register. 

PWS1 PWSO WINDOW SHIFT (% TRLL) 

0 0 6.25% Early 

0 1 6.25% Late 

1 0 12.50% Early 

1 1 12.50% Late 

TABLE 4-3. PERCENTAGE WINDOW SHIFT 
SELECTION 

Window Shift Synthesizer 

The Window Shift Synthesis (WSS) system 
(patent pending) employed on the WD10C27 
uses information programmed through the micro
processor interface to synthesize virtually any 
value of window shift which may be desired. Syn
thesis is achieved in a manner similar to the Fre
quency Synthesizer. 

WSS is a 4-bit time DAC with a programmable 
synthesized LSB. Using TRLL as its reference, the 
system synthesizes the user selected LSB value 
in a servo controlled delay element. Delay ele
ments may be programmed essentially con
tinuously across the range of 2ns to 6ns. Sixteen 
of these delay stages are chained back-to-back to 
create a tapped delay line which serves to create 
a user programmable amplification of the shift 
value developed in the servo delay element. 
Thus, a resultant delay of 2ns to g6ns is 
generated in the position of delayed raw data 
(DELRD) with respect to the leading edge of the 
detection window (WINCLK). 

READ CHANNEL 

WSS is enabled by activating the WSSEN bit in 
the CFG register. 

WSS Divider/Shift Amp. Operation 

The digital portion of the synthesizer consists of a 
Clock Oscillator Divider to divide the input refer
ence (TRLL), and a VCO Divider to divide the VCO 
output. The T RLL input frequency is divided down 
based on the contents of the WSCOD register. 
The VCO output frequency from the PLL is 
similarly divided, based on the contents of the 
WSVCOD register, to match the frequency output 
of the WSCOD. 

Care should be taken never to modify the 
registers while WSSEN is active. Correct load se
quencing is as follows: de-assert WSSEN; load 
the WSCOD and WSVCOD values; and assert 
WSSEN. 

The VCO design utilizes 4.5 double inverting 
stages in a ring oscillator architecture. When 
phase-frequency lock is achieved on the output of 
the WSCOD, the delay through each VCO stage 
will be precisely controlled. These stages are 
duplicated in the Shift Amplifier to generate a 
precision delay line. The delay may be amplified 
by selecting anywhere from one to sixteen delay 
stages. Selection of the amplification is ac
complished via the contents of the SAM register. 

Programming the WSS Dividers/Amp. 

Window synthesis calculations are similar to 
those in section 3.0, "Frequency Synthesizer". 
Programming the Window Shift Synthesizer is ac
complished by programming the WSCOD and 
WSVCOD registers such that the equality 

EQ.10.0 
fwsvco 

WSVCOD + 1 
fAL.! = Fwspll 

WSCOD+ 1 

is satisfied. FRLL is given by Ea. 1.0, and Fwspll 
is the Window Synthesizer PLL operating frequen
cy range, limited such that 

EQ. 11.0 
3 MHz ::; fWSPLL ::; 15 MHz. 
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Fwsvco is the Window Synthesizer VCO frequen
cy and is limited such that 

EQ.12.0 
18.52 MHz ~ fwsvco ~ 55.56 MHz 

Note that to program the register to a value of N, 
a value of N-1 must be loaded. 

The WSCOD and WSVCOD registers are 4 and 5 
bits respectively. Minimum and maximum divider 
values are determined from EO. 4.0 through EO. 
12.0 as follows. 

For the legal range of WSVCOD values, given the 
WSS VCO range and the WSS PLL range, we 
have 

EQ 13.0 
fwSVCQ (min) ~ WSVCOD + 1 
fwspll (max) 

EQ.13.1 

~ fwsycQ (max) 
fwspll (min) 

18.52 MHz ~ WSVCOD + 1 $... 5556 MHz 
15 MHz 3 MHz 

EQ.13.2 
1 ~ WSVCOD ~ 17 

For the WSCOD values, we have 

EQ.14.0 
f.B.!J. (min) < WSCOD + 1 ~ f.B.!J. (max) 

fWSPLL (max) fWSPLL (min) 

EQ.14.1 
11.25 MHz ~ WSCOD + 1 ~ 40.5 MHz 

15 MHz 3 MHz 

EQ.14.2 
a ~ WSCOD ~ 12 

The Window Shift value, Twss, may now be deter
mined as follows. As stated previously, the VCO 
has 4.5 double inverting stages. The frequency of 
the WSS VCO can therefore be given in terms of 
the delay of each stage, owss, by 

WD10C27 

EQ.15.0 
fwsvco = 1 000 

9 x owss 

Combining EO. 2.0, EO. 4.0, and EO. 15.0, we 
derive the relationship for the synthesized 
theoretical LSB, LSBr 

EQ.16.0 

owss = LSBT = ( T ~L0 = (WSCOD+ 1) 
\WSVCOD+1 

where, substituting EO.12.0 into EO. 16.0, we II 
have 

EQ.16.1 
2ns ~LSBT ~6ns 

Since the SAM selects from one to sixteen LSBrs, 
the legal SAM values are bounded by 

EQ.17.0 
1 ~ SAM + 1 ~ 16 

EQ. 17.1 
a ~ SAM ~ 15 

Therefore, tlwss, the total delay, from the rising 
edge of DELRD to the late edge of the detection 
window (as defined by WINCLK), may be 
generated by amplifying owss by the SAM value, 
and is given by 

EQ. 18.0 E ) 
I1wss =..Iaw... (WSCOD + 1 ) (SAM + 1) 

9 WSVCOD + 1 

Finally, the normalized window shift Twss, in per
cent T RLL is given by 

EQ. 19.0 
Twss = 100 x(--1- MOD [~] ) 

\2 TRLL 

Where the "MOD" function in EO 19.0 returns the 
fractional part of the operand. 
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5.0 WRITE CHANNEL 
The Write Data Conditioner processes the NRZ 
write data (WDATA) from the hard disk controller. 
Encoded data is resynchronized from the encoder 
off of the crystal reference from the Frequency 
Synthesizer (T RLL) to remove any sources of 
timing jitter. The re-conditioned write data is sent 
out to the write channel electronics on the 
WPCDATA pin, where high-to-Iow transitions rep
resent the accurate crystal controlled timing 
edges. When WGATE is inactive, the Write Data 
Conditioner sleeps to conserve power. WPCDATA 
is held high during this time. 

5.1 PATTERN DEPENDENT 
PRECOMPENSATION 

Write precompensation is accomplished by im
plementation of a pattern dependent skew-sym
metric precompensation matrix. A skew-symmetric 
rnatrix is defined as having zeroes along the 
diagonal while being symmetrical about the 
diagonal (except for signs). Thus, for the 7-by-7 
matrix of all possible consecutive pulse period 
pairs (three bit combinations) in a 1,7 RLL code, if 
we assume no precompensation for symmetrical
ly spaced bits (the diagonal), and precompensa
tion of the same magnitude for non-symmetrical 
pulse period pairs and their mirror images. 

One exception to the skew-symmetric rule is the 
inclusion of the 2T/2T pulse period pair. This pair 
has a matrix entry to account for write induced 
peak shift on 2T runs. Also note that although 
entries exist for 7TBT and BT7T pulse period 
pairs, these are pairs which cannot be realized by 
virtue of the encode rules (BTBT is another such 
pair, although it has no entry due to its position 
along the diagonal). These entries may however 
be utilized at the gap-to-Address Mark transition. 

The Pattern Recognizer has been designed to 
recognize two special cases of run length viola
tions which can occur in soft sector applications 
during formats: pulse periods greater than BT (Le. 
12T) generated in the Address Mark; pulse 
periods less than 2T or greater than BT (Le. 1 T or 
9T) generated at the gap-to-Address Mark transi-

WRITE CHANNEL 

tion. To handle the "greater than BT" run length 
violations, the Pattern Recognizer will always 
force a pulse period of greater than BT to be 
precompensated as an BT. This does not effect 
what actually gets sent out on WPCDATA. There
fore, the BT/12T, 12T/12T, and 12T/3T intervals in 
the Address Mark will be precompensated as 
BT/BT, BT/BT, and BT/3T respectively. For the 
case "less than 2T" run length violations, con
secutive "1"s will be modified such that the 
second "1" in the sequence is converted to a "0" 
prior to entering the Pattern Recognition circuitry. 
Therefore, if a "11" is generated at the gap-to-Ad
dress Mark transition, the Pattern Recognizer, as 
well as WPCDATA, will actually be a "10". 

COARSE COARSE FINE FINE PHASE 
1 0 1 0 SHIFT 

0 0 0 0 0.0000% 

0 0 0 1 1.5625% 

0 0 1 0 3.1250% 

0 0 1 1 4.6B75% 

0 1 0 0 6.2500% 

0 1 0 1 7.B125% 

0 1 1 0 9.3750% 

0 1 1 1 10.9375% 

1 0 0 0 12.5000% 

1 0 0 1 14.0625% 

1 0 1 0 15.6250% 

1 0 1 1 17.1B75% 

1 1 0 0 1B.750% 

1 1 0 1 20.3125% 

1 1 1 0 21.B750% 

1 1 1 1 23.4375% 

TABLE 5-1. PRECOMPENSATION SELECTION 
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Write precompensation is enabled through the 
microprocessor interface by activating the 

. WPCEN bit in the CFG register. Precompensation 
takes place by means of a pattern detector which 
determines the distance of the previous and next 
bits to the current bit. 

The pulse period pair which has been detected 
addresses the WPC registers, keeping track of 
the order of the pulse periods, or sign. This infor
mation is passed to the Write Precompensation 
circuits for appropriate phase shifting of the 
WPCDATA output. 

The WPC registers have two bits for coarse 
precompensation selection and two bits <for fine 
resolution, both based on a percentage of the 
code bit window, T. The value of the coarse set-

\;; +WPG16 +WPG17 +WPG18 

~ +WPC12 +WPG13 +WPG14 

OJ 
:§ 
.Cij 

~ I- +WPG8 +WPC9 +WPG10 
<D 

"0 
0 

"55 I- +WPC4 +WPG5 +WPG6 a.. LO 

(J) 
en 

"S t; a.. +WPG2 +WPG3 

X 
(J) 

Z l-
e') +WPco -WPC3 

I- +WPC1 -WPGO -WPC2 C\J 

1/ 2T 3T 4T 

WD10C27 

ting will be summed with the value of the fine 
setting to produce a resultant precompensation 
value, as depicted in "Table 5-1, Precompensation 
Selection". 

RLLEN must be set in the configuration registers 
to utilize the fine resolution capabilities. If RLLEN 
is disabled, the Ramp Locked Loop (RLL), which 
performs fine resolution precompensation, will be 
powered down and the fine resolution settings in 
the WPC registers disregarded. Because the RLL 
needs time to acquire and lock to its internal refer
ence, this bit should be enabled well in advance 
of a write operation, as indicated by the timing • 
specifications of the RLL. 

+WPG19 +WPG20 +WPG21 

+WPG15 +WPG7 ·WPG21 

+WPC11 ·WPC7 -WPG20 

-WPG11 -WPG15 -WPG19 

·WPG6 -WPG10 -WPG14 -WPG18 

-WPC5 -WPC9 -WPC13 -WPC17 

-WPC4 -WPC8 -WPC12 -WPG16 

5T 6T 7T aT 

/ Previous Pulse Period (Leading) 

TABLE 5-2. SKEW SYMMETRIC MATRIX MAP 
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6.0 ADDRESS MARK GENERATION/DETECTION 
For soft sector formats, the WD10C27 supports 
address mark generation and detection. The fol
lowing describes the AM detection rules and con
siderations of format during AM generation to 
reduce false AM detection. 

6.1 ADDRESS MARK DETECTION RULES 

Address mark detection is assumed to be suc
cessful only when specific pattern sequences 
have been detected on the synchronized raw read 
data. The patterns must be found in sequence 
according to the following rules, and only following 
assertion of AME. (See Table 6-1, "Address Mark 
Detect Sequences"): 

1 . Detect a "1" followed by at least six consecutive 
"O"s (i.e., 1 ... 00000 ... ) 

2. Detect a "1" followed by at least nine 
consecutive "O"s (i.e., 1 ... 000000000 ... ) no 
more than 3 NRZ byte times following 
detection of sequence 1. 

3. Detect a "1" followed by at least three 
consecutive high frequency (HF) intervals 
(i.e., ... 1001001001) no more than 3NRZ 
byte times following detection of sequence 2. 

Address marks are formatted with several unique 
qualities which are important in ensuring high 
probability of correct detection. The AM used by 
the WD10C27 is formatted as 
8T8T12T12T3T3T3T. The leading "1" in the AM is 
always formatted preceding the first 8T interval in 
order to guarantee the interval width. 

6.2 ADDRESS MARK GENERATION 

When AME is asserted during disk write opera
tions, the AM is "jammed" into the serial encoded 
bit stream. This is necessary to ensure that the 
AM placement is exact and does not depend 
upon synchronization to a previous interval. Jam
ming of the AM therefore will create an arbitrary 
run length between the user programmed gap and 
the AM. This may result in a violation of the d 
constraints of the 1,7 code, such that a 1T interval 
is created. 

In the event that a 1 T interval is created at the 
leading edge of the AM, the second of the two 
"1 "s will be suppressed, and the AM sent to the 
write electronics will be 

9T8T12T12T3T3T3T. 

HF intervals will be formatted as three 3T (001) 
intervals during AM generation. The threshold of 
the HF detection circuitry will actually allow any 
interval in the range of 2T to 4T to account for 
asynchronisms. The frequency detection portion 
of the AM recognition process provides additional 
protection against false detection during write 
splices and unformated surface. Programming the 
user gap prior to the AM with a constant 5T pat
tern will guarantee that any false detection of six 
and/or nine "0" intervals, will not result in an ad
dress mark detection, as the 5T gap falls outside 
the threshold of the HF detection circuitry. False 
detections of this kind are not unlikely, as a 6T 
interval in a data field CRC, followed by a 9T 
interval in the write splice is entirely possible. 

To prevent lockup of the detection circuitry, time
outs are provided for nine "0" detection and for HF 
detection. As can be seen from "Table 6-1, Ad
dress Mark Detect Sequences", several AM 
detection sequences are possible. In the most ex
treme case (Case 3), nine "O"s should be 
detected no more that 34T after the six "0" detect, 
remembering that the six "0" detect may actually 
occur 1 T earlier in the event that the AM begins 
with a 9T. Similarly, HF must be detected no later 
than 24T following detection of nine "O"s. 

In the event that either a six "0" detect or a six 
"O"/nine "0" detect is tripped in the write splice 
preceding the gap, the gap length needs to be 
long enough that the respective time-outs do not 
occur within the real AM following the gap. This is 
accomplished by formatting a gap length of no 
less than 3 NRZ bytes. 

In summary, formatting a minimum of 3 NRZ 
bytes of 5T gap prior to any AM will greatly reduce 
the susceptibility to false AM detection. This can 
be done with a repeating 735CDH NRZ gap pat
tern assuming even framing, or a 35CD7H repeat
ing for odd framing. 
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Address Mark 
8T* 8T 12T 12T 3T 3T 3T 

n 7 "o"s-n 7 "o"s-n 11 "o"s -n 11 "o"s -1lJlJlJl 
10000000100000001000000000001000000000001001001001 

Detect Case 1 

n'----'n'----'nL--_---lnL--__ fUUUl 
10000000100000001000000000001000000000001001001001 

.. +# • 
six "0" detect' nine "0" detect AM found 

AMF L 

Detect Case 2 

n n n n fUUUl 
10000000100000001000000000001000000000001001001001 .. +# • six "0" detect nine "0" detect AM found 

AMF L 

Detect Case 3 

n n n n fUUUl 
10000000100000001000000000001000000000001001001001 

.. +#. 
six "0" detect' nine "0" detect AM found 

L 

Detect Case 4 

10000000100000001000000000001000000000001001001001 .. 
six "0" detect nine "0" detect AM found 

AMF L 

Detect Case 5 

n'------'n'----'nL--_---lnL--__ fUUUl 
10000000100000001000000000001000000000001001001001 

six "0" detect nine "0" detect AM found 

, The leading 8T interval may increase to 9T, thus the six "o"s 
will be detected 1 T earlier. 

L 

TABLE 6-1. ADDRESS MARK DETECT SEQUENCES 
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7.0 ENCODER/DECODER 
Encoding and Decoding in the WD10C27 is 
based on the IBM 2/3, 1, 7 RLL code. The follow
ing sections describe the Encoder, Decoder, and 
related framing issues. 

7.1 ENCODING 

NRZ data is encoded based on five bits: the cur
rent NRZ data word, C1CO, the next NRZ data 
word, N1No, and the last bit of the previous RLL 
code word, Ro. These five bits are used to 
produce the current three bit RLL code word, 
R2R1Ro. 

Although intended to reflect the Decode process, 
Figure 7-1 - Code Word to Data Word Relation
ship exemplifies the 2/3 rate relationship between 
the NRZ data word and RLL code word. 

7.2 DECODING 

Synchronized RLL data is decoded based on 
seven bits: the current three bit RLL code word, 
C2Cl Co; the last two bits of the previous code 
word, P1 Po; and the first two bits of the next code 
word, N2Nl. The seven bit sequence is analyzed 
and the appropriate two bit NRZ data word, Z1Z0, 
is output. 

At the velocity lock-to-phase lock transition, the 
Data Detector is enabled and the Decoder begins 
to see synchronized RLL data and clock. Although 
the synchronization field of repeating "001" is self 
framing for a 2/3 rate code, pattern matching is 
performed on the synchronized data to further en
sure correct framing. When the pattern 
"001001001" has been detected, the Decoder is 
enabled and the synchronized RLL data is 
decoded to NRZ and presented at the RDATA out
put. 

NRZ 
CASE DATA WORD IN 
NO. Current Next 

C1CO N1No 

1 00 00 

2 00 00 

3 00 01 

4 00 01 

5 00 10 

6 00 10 

7 00 11 

8 01 11 

9 01 00 

10 01 00 

11 01 01 

12 01 01 

13 01 10 

14 01 10 

15 01 11 

16 01 11 

17 10 00 

18 10 01 

19 10 10 

20 10 11 

21 11 00 

22 11 01 

23 11 10 

24 11 11 

Exhaustive encode pattern: 
0132149AD7E3770HEX 

ENCODER/DECODER 

RLL 
CODE WORD OUT 

Previous Current 
Ro R2R1Ro 

0 001 

1 001 

0 001 

1 001 

0 000 

1 010 

0 000 

1 010 

0 001 

1 010 

0 001 

1 000 

0 000 

1 000 

0 000 

1 000 

0 101 

0 101 

0 010 

0 010 

0 010 

0 100 

0 100 

0 100 

The NRZ data words are clocked into a FIFO at 
the channel rate established by the Data 
Synchronizer. The FIFO output is clocked off of 
the Data Synchronizer's NRZ clock and presented 
at the RDATA output centered about the rising 
edges on RCLK. 

TABLE 7·1. EXPANDED 1,7 ENCODE RULES 
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Of the 128 possible combinations of the seven bit 
decode word given by P1 POC2C1 CON2N1, all but 
34 have adjacent ones and are therefore illegal 
due to the d constraints of the 1,7 RLL code. Al
though the decode table may be reduced to less 
than 34 entries, the expanded table has been 
presented here for your convenience. 

If the Decoder sees a "11" anywhere in the 
decode word, the NRZ data word will be forced to 
either a "00" or "11" based on the stated of the 
ERRPAT bit in the Configuration register, and the 
DECERR bit will be set to indicate that a decode 
error has occurred. 

There are other RLL sequences which may not be 
realized by virtue of the encode rules, however 
these do not result in decode errors, In other 
words, since the encode rules are a subset of the 
decode rules, there are many RLL sequences 

Code Word Relationship 

WD10C27 

which may be decoded legally, but which could 
never have been encoded to start with. This is 
evident when the Encode-Decode process is run 
in reverse. For certain RLL sequences, including 
those containing 7T7T7T ... 7T, 7T87, 8787 ... 87, 
and 8T7T, the RLL output of the Encoder will not 
match the original RLL input to the Decoder. 
Another obvious example is a sequence of more 
than seven zeroes. While this is an illegal En
code due to the k constraints in the 1,7 RLL code, 
the Decoder will simply output 0101... (case 1) in 
response to this constant zero input. 

Therefore, determination of a NRZ sequence • 
which results in a specific RLL sequence may not 
necessarily be accomplished by use of the 
Decoder. The Encode-Decode process is not 
guaranteed to run in reverse. 

: P,P,P o: c,c,co :N,N,No: 

R L L: -: 100 : 000: 001 : 010 : 1 00 : 1 0 { 

: ~ ~ 'f \!: ,\E \F 
NRZ: -: :1 1 :0 :0 : 1 0 

: Z, Z, 

-: :-TENC 

Decode Table Entry 

A) Case 9 
8) Case 1 
C) Case 5 
D) Case 21 
E) Case 12 
F) Case 10 

P, Po C,C,CoN,N,_ z,zo 

XX10000-11 
0000000- 0 1 

0000101-01 
0101010-00 

1010010-11 
00101XX-10 

FIGURE 7-1. CODE WORD TO DATA WORD RELATIONSHIP 
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1,7 RLL NRZ 
Case CodeWord Data Word 
No. Previous Current Next NRZ 

P1 Po C2C1CO N2 N1 Z1 Zo 
1 00 000 00 01 
2 00 000 01 01 
3 00 000 10 01 
4 00 001 00 01 
5 00 001 01 01 
6 00 010 00 11 
7 00 010 01 10 
8 00 010 10 10 
9 00 100 00 11 
10 00 100 01 11 
11 00 100 10 11 
12 00 101 00 10 
13 00 101 01 10 
14 00 000 00 01 
15 01 000 01 01 
16 01 000 10 01 
17 01 001 00 00 
18 01 001 01 00 
19 01 010 00 01 
20 01 010 01 00 
21 01 010 10 00 
22 10 000 00 00 
23 10 000 01 00 
24 10 000 10 00 
25 10 001 00 00 
26 10 001 01 00 
27 10 010 00 11 
28 10 010 01 10 
29 10 100 00 11 
30 10 100 01 11 
31 10 100 10 11 
32 10 101 00 10 
33 10 101 01 10 
34 10 101 01 10 
Exhaustive decode pattern: 
01020040220241212251244510420521012425 
OCT 

TABLE 7-2. EXPANDED 1,7 DECODE RULES 

7.3 FRAMING 

Framing is the determination of a specific data 
word to code word boundary. Framing during the 
decode process is assured by the 001 pattern in 
the synchronization field. This pattern is self
framing in the sense that the code work boundary 
is unambiguous. However, as the encode 
process has no synchronization byte, the Encoder 
must make some assumptions about the data 
word boundary. For example, if the NRZ se
quence on WDATA is ... 000000101001000 ... , it is 
important to know if this should be encoded as 
... 00/10/10101/00 ... or as ... 00101/01/00/10100 ... , 
as these will produce different encoded sequen
ces. 

7.3.1 Framing in Hard Sector Formats 

Upon assertion of ENGEN and after some 
synchronization delay, WDATA is shifted into a 
FIFO on the rising edges of WGLK. The output of 
the FIFO is clocked using the channel rate clock, 
TRLL. In this way, two bits of WDATA are 
presented to the Decoder for every 3 T RLL'S satis
fying the 2/3 code rate requirement of 1,7 RLL. 

Framing during the encode process is ac
complished via the AMODD and ENODD bits in 
the configuraiton register. Framing following ad
dress marks is based on the sense of AMODD, 
and is discussed in 7.3.2 Framing In Soft Sector 
Formats. 

ENODD established framing for encoding follow
ing assertion of ENGEN. In soft sector formats, 
this applies to gap data which precedes the AM, 
and to user data following the synchronization 
field. When ENODD is active (low), framing will 
be established assuming that the two bit NRZ 
data word begins on an odd numbered bit in the 
NRZ data byte. Thus, the first transition on 
WDATA must occur in bits 7, 5, 3 or 1 of the NRZ 
byte N7NsNsN4N3N2N1NO, and the NRZ data 
words N7Ns, NsN4, N3N2, N1No, etc., will be en
coded. If ENODD is inactive (high), framing will be 
even such that the NRZ data words NsNs, N4N3, 
N2N1, NoN7, etc., are encoded. In this case, the 
first transition on WDATA must occur in bits 6, 4, 2 
or o. 
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As an example, the sequence ... OOAAH ... , if in-
tended to be encoded as ... 00100/10/10 ... , would 
require ENODD = 0 to establish odd framing. 
ENODD = 1 would result in encoding this same 
sequence as ... 00100101/01 ... It can be seen from 
Table 7-1 - Expanded 1,7 Encode Rules that 
these two Encoder inputs will result in different 
RLL outputs. 

Since ENGEN is asserted prior to gap during for
mats, and prior to data fields during writes, the 
oddleven framing requirement must be consistent. 
This implies that the data field synchronization 
byte, usually written just after the synchronization 
field, and the 5T gap data must both have either 
odd or even framing. 

7.3.2 Framing in Soft Sector Formats 
Framing must be re-established following the in
sertion of address. While ENODD is used to es
tablish framing following assertion of ENGEN for 

WD10C27 

gaps and data field synchronization bytes, 
AMODD is similarly used following assertion of 
AME to establish framing for 10 synchronization 
bytes. 

Following the address mark generation, WDATA is 
once again encoded and shifted out to 
WPGDATA. Because WDATA must be OOH follow
ing the AM to generate the 3T synchronization 
field, framing does not take place until the first 
non-zero transition is seen on WDATA. At this 
time, framing is forced to be either odd or even as 
described above. 
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8.0 CHANNEL CONTROL DACS 
The WD10C27 provided three DACs which have 
been specifically designed to optimize the vari
able frequency read channel's frequency, boost, 
and hysteresis characteristics. The DACs have 
been specifically designed to be compatible with 
the SSI3040 Electronic Filter/Pulse Detector. In 
addition, a unique method of maintaining servo 
field optimization is also incorporated. 

In a typical application, each DAC is programmed 
based on the optimization cut-off frequency, 
hysteresis, and boost settings for a given zone. 
These values are loaded into the DAC control 
registers as a 5-bit unsigned integer. Independent 
values, optimized for the servo fields, are loaded 
into the equivalent servo control registers. The 
DAC outputs are then dynamically switched be
tween the logical and servo settings via the 
SGATE input. 

DACs should be enabled by setting the DACEN 
bit in the respective DAC control register. When a 
DAC is disabled, the output is placed in a high 
impedance state and power shut off to the 
relevant circuits. The reset/low power states in
voked via the ARSTPDN bit in the Configuration 
regists clear the DAC registers and thereby leave 
the DACs disabled. Reset/low power mode, is
sued via the RSTPDN bit, will not have any effect 
on the DAC functions. 

8.1 FAST AGC 

When DAC settings are being modified "on-the
fly", special considerations must be made to keep 
the AGC recovery times at a minimum. This in
cludes not only the "data-to-servo" and servo-to
data" recovery at the SGATE transitions, but the 
recovery times encountered at the leading edge of 
CHEN when duty cycling CHEN for power 
management. See 8-2, "Duty Cycling with 
CHEN". 

In much the same way as a "write-to-read" 
recovery scenario, it is desirable to assure that 
AGC is in a fast attach whenever the DACs are 
switched. Whenever a modification to the cutoff 
frequency is made such that the cutoff frequeency 
is reduced, the effect is to place the AGC circuits 
in a slow dacay mode. This is highly undesirable 

CHANNEL CONTROL DACS 

as the AGC recovery time may be extremely long. 
Unfortunately, this situation arises whenever the 
cutoff frequency in the servo fields is lower than in 
the data zones. 

The FSTABC (fast AGAC) pin has been provided 
to force fast AGC recovery. By setting the BYP
MODE bit in the configuration register, this pin 
may be connected to the BYP capacitor of the 
AFC circuits and used to force fast attack. On 
either edge of SGATE, when the DAC values 
switch from servo to data or vice versa, the 
FSTAGC pin will discharge the BYP capacitor by 
pulling up towards +4V. In this way, fast attack 
can be guaranteed. 

8.2 DUTY CYCLING WITH CHEN 
To provide for minimal power consumption by the 
channel electronics, a CHEN (channel enable) 
signal may be used for power management. 
Since servo fields represent a small percentage of 
the total surface format, a significant power 
savings may be accomplished by de-asserting 
CHEN during the logical fields, and asserting 
CHEN over the servo fields. This technique is 
known as "CHENing". 

When CHEN is low, the DACs are forced into a 
configuration which will optimize read channel 
recovery time and minimize power consumption: 
the FCDAC will be forced to 8 LSB's; the BCDAC 
will be forced to ground; and the HCDAC will be 
forced to +5V. 

To minimize transient response upon re-assertion 
of CHEN, it is desirable to keep current flowing at 
the IREF (IFO) and FCDAC (IFI) pins. As the 
current reference from the SSI3040 will be dis
abled when CHEN is low, a current into the IREF 
input may be established in one of two ways: 

1. With the BYPMODE bit in the configuration 
register disabled, FSTAGC will be pulled 
towards +5V during CHEN low. By placing an 
external resistor between FSTAGC and IREF, 
a programmable current may be established. 
This current should be programmed such that 
upon re-assertion of CHEN, fast attack is 
guaranteed in the AGC. 
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2. With the BYPMODE in the configuration 
register enabled, an internal current source is 
steered to the IREF input. This current 
source is of sufficient tolerance to keep 
FCDAC and 8813040 related circuits out of 
saturation. AGC fast attack is ensured via the 
connection of F8TAGC to the BYP capacitor. 

8.3 FREQUENCY CONTROL 

The Frequency Control DAC, FCDAC, has been 
specifically designed to allow for bandwidth op
timization of the read channel. In a typical variable 
frequency application, selection of the cl1annel 
bandwidth is made based on signal-to-noise ratio 
and recording frequency considerations. 

FCDAC is a current DAC whose compliance is set 
by an external current reference applied at the 
IREF input. FCDAC is enabled and programmed 
via the FCDAC register described in section 2.2.5, 
"Channel Control Registers." 

The FCDAC will be forced to 8 L8Bs when CHEN 
is low. 

8.4 BOOST CONTROL 

The Boost Control DAC, BCDAC, has been 
specifically designed to allow for programmable 
pulse slimming. BCDAC is a voltage DAC whose 
compliance is set by an external voltage refer
ence applied at the VRG input. BCDAC is 
enabled and programmed via the BCDAC register 
described in section 2.2.5, "Channel Control 
Registers." 

Although BCDAC is a five bit DAC, the lower two 
counts (00000 and 00001) are used to indicate a 
no boost control state. When the lower two counts 
are programmed, the BCDAC output is clamped 
to ground rather than following the normal DAC 
progression. When used in conjunction with the 

WD10C27 

8813040, this stated will be sensed and the 3040 
will assume a nominal boost value. 

Note that after AR8TPDN, BCDAC will be set to a 
zero count but will be disabled. Enabling the DAC 
without modifying ~he count will result in the no 
boost configuration. 

The HCDAC will be forced to ground when CHEN 
is low. 

8.5 HYSTERESIS CONTROL 

Hysteresis Control DAC, HCDAC, has been 
specifically designed to allow for threshold op
timization under microprocessor control. HCDAC 
is a voltage DAC whose compliance is set as a 
programmable ratio of the voltage difference seen 
between the LEVEL and VRG inputs. When 
HCDAC is connected to the hysteresis input of 
the pulse detector, the threshold will automatically 
maintain the programmed ratio as the amplitude 
of the voltage on the LEVEL input changes. 

HCDAC is enabled and programmed via the 
HCDAC and 8HCDAC registers described in sec
tion 2.2.5, "Channel Control Registers." 

If desired, HCDAC may be converted into a volt
age DAC configuration identical to that the 
BCDAC by disabling the HCTL bit in the HCDAC 
resister. When HCTL is inactive, the DAC charac
teristics will be as described in section 8.4, "Boost 
Control". In this configuration, the LEVEL input is 
used as a voltage reference, and the VRG input is 
unused. 

The HCDAC will be forced to +5V when CHEN is 
low, regardless of the state of the HCTL bit in the 
HCDAC register. 
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9.0 PERFORMANCE SPECIFICATIONS 
9.1 MAXIMUM RATINGS 

Maximum limits indicate where permanent device damage occurs. Continuous operation at these limits 
is notintended and should be limited to those conditions specified in the DC Electrical Characteristics. 

PARAMETER RATING UNIT 

VDD with respect to Vss +7 V 

Voltage on any pin with -0.5 to +7 V 
respect to Vss (ground) 

Ambient Operating a to 70 ·C 
Temperature (T A) 

Storage Temperature -55 to +125 ·C 

ESD Protection 5000 V 

Latchup Immunity 40 mA 

TABLE 9-1. ABSOLUTE MAXIMUM RATINGS 

9.2 DC ELECTRICAL CHARACTERISTICS 

The following specifications are over TA = O·C to 70·C, TJ = O·C to 90·C and VDD = +5V ± 250mV. 
When indicated (*), limits represent characterized values and are not tested. 

SYMBOL CHARACTERISTIC MIN TVP MAX UNITS CONDITIONS 

IDDA t Active Power Supply Current 25 30 mA @ 7.5 MBps 
50 75 mA @27MBps 
60 85 mA @33MBps 

IDDLP :j: Power Down Supply Current 2.0 4.0 mA RSTPDN=1, CHEN=1 
0.6 1.5 mA RSTPDN=1, CHEN=O 

IDDLPA :j: All Power Down Supply 0.3 1 mA ARSTPDN = 1 
Current 

tRDY* Time from valid configuration 3 ms 
to full operating capability 
(e.g., lockup of PLLs) 

t Measured during write operations with VDD = 5.25V at O·C. 
Typical values are at ambient temperature and VDD = 5.0V. 

:j: Measured with all inputs at ground (or VDD), VDD = 5.25V, and O·C. 
Typical values are at ambient temperature and VDD = 5.0V. 

TABLE 9-2. POWER SUPPLY SPECIFICATIONS 
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SYMBOL CHARACTERISTIC MIN TVP MAX UNITS CONDITIONS 

PIN(S): XTLI, XTLO 

VIH Input High Voltage 2.0 1.4 V fXTL~ 16 MHz 

VIL Input Low Voltage 1.4 0.8 V fXTL ~ 16 MHz 

VIBIAS Input Bias Voltage 1.0 1.8 V XTLO floating, VDD = 5V 

IILKX Crystal Input Leakage Current ±100 nA XTLI = XTLO = VI BIAS 

IOLS Short Circuit Sink Current 1.8 10 rnA XTLO=VDD=5V.xTLI=2.5V 

IOHs Short Circuit Source Current 0.6 4.0 rnA VDD=5V.xTLO=XTLI=OV 

RBo Operating Bias Resistance 2.0 2.7 M!l VDD=5V.XTLI=VIBIAS, 
XTLO=OV • 

TABLE 9-3. CRYSTAL OSCILLATOR DC SPECIFICATIONS 

SYMBOL CHARACTERISTIC MIN TVP MAX UNITS CONDITIONS 

PIN(S): AD7-0, MWE, MRE, MCS, ALE, AME, ENGEN, RGATE, LPF (test), RAWDATA, WDATA, 
WGLK, GHEN, HRESET 

VIH Input High Voltage 2.0 1.4 V 

VIL Input Low Voltage 1.4 0.8 V 

\iLK Input Leakage Current ±10 J.lA 

TABLE 9-4. INPUT RECEIVERS DC SPECIFICATIONS 

ADVANCE INFORMATION 11/6/91 21-43 



WD10C27 PERFORMANCE SPECIFICA TlONS 

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 

PIN(S): AMD, RDATA, RGLK 

VOH Output High Voltage 2.4 V 10H = -20 JlA 

VOL Output Low Voltage 0.4 V 10L= +20 !LA 

loz Output Tri-state Leakage ±10 !LA VOUT = Vss TO VDD, 
Current HIZEN=1 

TRs* Output Rise Time 2.5 ns VOUT = 0.8V TO 2.0V 
CL = 20 pF 

TFL* Output Fall Time 2.1 ns VOUT = 2.0V TO 0.8V 
CL = 20 pF 

PIN(S): WINGLK, DELRD, WPCDATA, CHEN, 8GS 

VOH Output High Voltage 2.4 V IOH=-1mA 

VOL Output Low Voltage 0.4 V 10L = +1mA 

loz Output Tri-state Leakage ±10 !LA VOUT=VSS TO VDD, 
Current HIZEN=1 

TRs* Output Rise Time 2.3 ns VOUT = 0.8V TO 2.0V 
CL = 20pF. RL = 20kn to 
Vss 

TFL* Output Fall Time 1.4 ns VOUT = 0.8V TO 2.0V 
CL = 20pF. RL = 2kn to 
VDD 

PIN(S): PORTO-4 

VOL Output Low Voltage 0.4 V 10H = +8mA. Open Drain 

loz Output Tri-state Leakage ±10 JlA VOUT=VSS to VDD, 
Current HIZEN=1 

PIN(S): AD7-0 

VOH Output High Voltage 2.4 V 10H = -1mA 

VOL Output Low Voltage 0.4 V 10L = +1mA 

loz Output Tri-state Leakage ±10 JlA VOUT=VSS to VDD, 
Current HIZEN=1 

tRS* Output Rise Time 13 ns VOUT = 0.8V to 2.0V 
CL = 100 pF RL = 20kn to 
Vss 

TABLE 9-5. OUTPUT DRIVE DC SPECIFICATIONS 
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SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 

PIN(S): DSPMp, VGON, LPF 

hLKP DSPMP Input Leakage ±100 nA Vour=Vss to Voo, 
Current HIZEN=1 

hLKV VCON Input Leakage Current ±100 nA VCON = Voo, HIZEN=1 

hLKL LPF Input Leakage Current ±10 J.lA Vour=Vss to Voo, 
HIZEN=1 

Rpvo DSPMP to VCON Resis- 00 Q DSPMP=1.5V. VCON=2V, 
tance. BANDO Voo=5V 

RpV1 DSPMP to VCON Resis- 00 Q DSPMP=1.5V. VCON=2V, 
tance. BAND1 Vcc=5V II 

RpV2 DSPMP to VCON Resis- 2.0 3.01 4.9 kQ DSPMP=1.5V. VCON=2V, 
tance. BAND2 Voo=5V 

RpV3 DSPMP to VCON Resis- 1.0 1.5 2.45 kQ DSPMP=1.5V. VCON=2V, 
tance. BAND3 Voo=5V 

Rpvv DSPMP to VCON Vlock 50 1700 Q DSPMP=1 .5V. VCON=2V, 
Resistance Voo=5V 

RLPFO LPF Resistance to ground. 00 Q LPF = 200mV, Voo=5V 
BANDO 

RLPF1 LPF Resistance to ground. 1.3 2.2 4.3 kQ LPF = 200mV, Voo=5V 
BAND1 

RLPF2 LPF Resistance to ground. 0.8 1.4 2.7 kQ LPF = 200mV, Voo=5V 
BAND2 

RLPF3 LPF Resistance to ground. 0.48 0.7 1.65 kQ LPF = 200mV, Voo=5V 
BAND3 

TABLE 9-6. DATA SYNC. INTERNAL FILTER DC SPECIFICATIONS 
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SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 

PIN(S): DSPMp, VCON 

VHFCA VCO High Freq. Clamp Act. 2.7 3.9 V IDSPMP ~ 2.5mA, Voo=5V 
Voltage t 

VHFCO VCO High Freq. Clamp 0.45 1.15 V losPMP:S; 2.5mA, Voo=5V 
De"act. Voltage t 

VLFC VCO Low Frequency Clamp 0.5 0.95 V IVCON = -1 !lA, Voo=5V 
Voltage :I: 

IHFc VCO High Frequency Clamp 4 15 mA VCON=DSPMP=Voo=5V 
Current t 

ILFC VCO Low Frequency Clamp 1.3 4.5 mA VCON = OV, Voo=5V 
Current :I: 

t The VCO high frequency clamp will activate when the voltage sensed on VCON rises above the high 
frequency clamp activation voltage, VHFCA. The clamp is latched, pulling DSPMP low and discharging 
the filter. When all of the VCO energy is discharged and internal VCO control voltages fall below the 
VCO High Frequency Clamp De-activation Voltage, VHFCO, the clamp is released. VHFCD is BAND de
pendent. Clamp voltages and currents should be measured after stopping all clocks and tri-stating the 
phase detector by pulsing HIZEN. 
:I: The VCO low frequency clamp on when the voltage sensed on VCON falls below the VCO Low 
Frequency Clamp Voltage, VLFC. Voltage and currents should be measured after stopping all clocks and 
tri-stating the phase detector by pulsing HIZEN 

TABLE 9-7. DATA SYNCHRONIZER INTERNAL VCO DC SPECIFICATIONS 
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SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 

PIN(S): IREF, VRG, FCDAC (with CHEN=1) 

IREF External Current Reference 100 400 flA 0.7V 5. VIREF 5. 1.6V 

loz FCDAC Tri-state Output ±100 nA VOUT=VSS to VDD, 
Leakage DACEN=O 

LSBr:j: Theoretical Resolution (5-bit) IREFI mA for codes 0 through 31 
12 

GAINf Gain (LSB) Accuracy ±8.0 %LSBT 100* (LSBR-LSBT)/LSBT 

hNITIAL:j: Code Zero Current 8 LSBR 

10FFSEr:j: Offset Current ±7.0 %IREF 

INLt Integral Non-Linearity ±0.5 LSBR 

DNL:j: Differential Non-Linearity ±0.5 LSBR 

RL* External Series Resistive 2k kQ 
Load 

PSRR* Power Supply Rejection Ratio 30 40 dB wlo external filtering 

ts* Setting Time from SGATE 150 ns wi 1 OpF and RL external 
Transitions load to 90% of final value 

PIN(S): IREF, FCDAC (with CHEN = 0) 

VIREF IREF Voltage Accuracy 0.65 1.5 mV error from (0.48) VRG 

ICFC CHEN Mode Forced FCDAC 40 235 flA BYPMODE=1, Internal 
Current IREF 

50 75 flA BYPMODE=O, RF = 
40KQ 

PIN(S): FSTAGC 

IFSTAGC Source Current 3 mA VFSTAGC5.VRST 

VRST Fast AGC Threshold Voltage .8VDD V BYPMODE=1 

loz Tri-state Output Leakage ±100 nA VOUT=VSS to VDD, 
DACEN=O 

t LSBT IS the theoretical resolution. It should not be confused with LSBR which IS denved from the 
regression analysis. The regression equation is given by: 

IR (code) = LSBR* (code+8)+loFFSET=LSBR* code + INITIAL + 10FFSET 

The theoretical equation is given by: 
IT (code) = LSBT* (code+8) + 0 = (IREF/12)*(code+8) + o. 

The offset, 10FFSET, is defined to exclude all gain error. Therefore, the offset is determined at the "zero 
LSB" point extrapolated from the regression equation, IR (code = -8). 

TABLE 9-8. FREQUENCY CONTROL DAC SPECIFICATIONS 

ADVANCE INFORMATION 11/6/91 21-47 

• 



WD10C27 PERFORMANCE SPECIFICATIONS 

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 

PIN(S): VRG, LEVEL, HCDAC wtHCTL = 0 and CHEN = 1 
(See "Boost Control DAC Specifications" when HCTL = 1) 

VRG External Voltage Reference 2.2 2.45 V liN,,; 2 rnA maximum sink 

VINITIALt Measured Code Zero Voltage [Voo-(30/31 )*VRG] V 
±0.04 

LSBTt Theoretical Resolution (5-bit) VDlF V VOIF=VLEVEL - VINITIAL 
31 0.5V ~ VDlF ~ 1.0V 

GAINt Gain (LSB) Accuracy ±D.4 %LSBT 100*(LSBR-LSBT)/LSBT 

INLt Integral Non-Linearity ±D.5 LSBR 

DNLt Differential Non-Linearity ±D.5 LSBR 

PSRR* Power Supply Rejection Ratio 35 40 dB 

t5* Setting Time from SGATE 2 IJ.S to 90% of final value with 
Transitions 1 OpF external load 

PIN(S): HCDAC (wIHCTL=O or 1 and CHEN=O) 

VCHC CHEN Mode Forced HCDAC CVoo V 
Voltage 

t LSBT is the theoretical resolution. It should not be confused with LSBR which is derived from the 
regression analysis. The regression equation is given by: 

VR(code) = LSBR *code + VO. 

The theoretical equation is given by: 
VT(code) = LSBT*code + VINITIAL = (VLEVEL - VINITIAL)*(code/31) + VINITIAL. 

TABLE 9-9_ HYSTERESIS CONTROL DAC SPECIFICATIONS 
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SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 

PIN(S): VRG, BCDAC (with CHEN = 1) 

VRG External Voltage Reference 2.2 2.45 V liN ~ 2 mA maximum sink 

VOFFsErt Offset Voltage ±15 ±30 mV Extrapolated Regres-
sion Code 0 

VINlrlALt Code Zero/One Voltage 0 +20 mV for codes 0 through 1 

LSBrt Theoretical Resolution (5-bit) VRG/ V for codes 2 through 31 
31 

GAINt Gain (LSB) Accuracy ±O.1 ±0.4 %LSBr 100*(LSBR-LSBr)/LSBr 

INLt Integral Non-Linearity ±0.5 LSBR for codes 2 through 31 

DNLt Differential Non-Linearity ±0.5 LSBR for codes 2 through 31 

PSRR* Power Supply Rejection Ratio 40 45 dB w/o external filtering 

ts* Setting Time from SGATE 2 Ils to 90% of final value 
Transitions with 1 OpF external load 

PIN(S): BCDAC (w/CHEN=O) 

Vcbc CHEN Mode Forced BCDAC CVss V 
Voltage 

t LSBT is the theoretical resolution. It should not be confused with LSBR which is derived from the 
regression analysis. The regression equation is given by: 

VR(code) = LSBR*code + VOFFsEr (for codes 2 through 31). 

The theoretical equation is given by: 
Vr(code)=LSBr*code + 0 = (VRG/31 )*code + 0 (for codes 2 through 31). 

The offset, VOFFsEr. is defined to exclude all gain error. Therefore, the offset is determined at the "zero 
LSB" point extrapolated from the regression equation, VR(code=O). 

TABLE 9-10. BOOST CONTROL DAC SPECIFICATIONS 
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9.3 AC ELECTRICAL AND TIMING 
CHARACTERISTICS 

The following specifications are over TA = O'C to 70'C, TJ = O'C to 90'C, Vss = OV, VDD = +5V ± 250mv 
(max of 50mV p-p ripple), VOH = 2.0V, VOL = 0.8V, VIL = O.4V, VIH = 2.4V, and fXTL ~ 40 MHz unless 
otherwise specified. When indicated (*), limits represent characterized values and are not tested. 

SYMBOL 

fXTL 

txs* 

CIN 

COUT 

21-50 

CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 

PIN(S): XTLI, XTLO 

Crystal Input Frequency 16 MHz Active Stage, HFCEN-l 
20 MHz Ext., HFCEN=l, 40/60% 
40 MHz Dcyc 

Ext., HFCEN=O, 40/60% 
Dcyc 

Crystal Start-up Time 1 3 ms 
Following Reset 

Crystal External Input 100 pF fXTU:; 5 MHz 
Capacitance 68 pF 5 MHz So fXTL s...10 MHz 

33 pF 10 MHz So fXTL So 16 MHz 

Crystal External Output 68 pF fXTLSo 5 MHz 
Capacitance 47 pF 5 MHz So fXTL s...10 MHz 

22 pF 10 MHz So fXTL So 16 MHz 

TABLE 9·11. CRYSTAL OSCILLATOR TIMING SPECIFICATIONS 

XTLI 

· . 
:-lItXTL-: · . 

· Dcyc . .... ~. 

,---, 

FIGURE 9·1. CRYSTAL INPUT TIMING DIAGRAM 
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SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 

PIN(S): AME, ENGEN, WDATA, WGLK, WPCDATA 

tswc Setup of ENCEN and 5 ns 
WDATA to WCLK Rising 

tHWC Hold of ENCEN and WDATA 5 ns 
from WCLK Rising 

fNRZ WCLK Frequency (1/TNRZl 7.5 33 MHz 40/60% Duty Cycle 

tENCON1 ENCEN Rising to Encode On tswc tswc TNRZ 
+1 

tENCOFF ENCEN Falling to WPCDATA tswc tSWC TNRZ 
Off +2 • tENC WDATA to WPCDATA 10 16 TNRZ w/o RLL and w/max. 
Encode Delay precomp. 

TABLE 9-12. ENCODER TIMING SPECIFICATIONS 

:-TNRZi 

tHWC : tswc : tHWC : tswc: 
C .'11( .. I( ",II( ... 

ENCE_N __ ~/: , ~ \ i 
1.- tEt<JCON1 (max) --i :-- tENCON1 (max)-: 
!------!tENCONl (min) : ~ tENCON1(min) : 

En~~d_: ____ : --If .... : ___ ...JI \ 1 
: :.tHWC.:.tSWC •• tHWC.i.tswc.i ! 

WDAT_A ________ : ----,I \! : 
i- tENC -! 

WPCDATA \~_Da_ta_v_a_lid~l~: ________ ~l 
• Internal Signal 

FIGURE 9-2. ENCODER TIMING DIAGRAM 
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SYMBOL CHARACTERISTIC MIN TVP MAX UNITS CONDITIONS 

PIN(S): AME, ENGEN, WDATA, WGLI(, WPCDATA 

tswc Setup of AME to WCLK 5 ns 
Rising 

tHWC Hold of AME from WCLK 5 ns 
Rising 

tAME AME Pulse Width 1 TNRZ 

tENCON2 AME Rising to Encode On 36 TNRZ 

tDAM AME to AM on WPCDATA 10 13 TNRZ w/o RLL and w/max. 
Delay precomp. 

tAM Address Mark Length 34 TNRZ (e.g., 51 TRLL) 

tSAMG Setup of AME to End of Gap 0 ns 
onWDATA 

tGAPL GAP Loss tSAMG- (tENCON2-tAM) TNRZ positive or zero means no 
(due to superposition of AM) loss 

tPLOL PLO Loss tENCON2-tSAMG TNRZ positive or zero means no 
(due to superposition of AM) loss 

TABLE 9·13. ADDRESS MARK GENERATION TIMING SPECIFICATIONS 

tHWC , tswc i tHWC ! tswc : 
II( Jr.... ...... ..... .., 

AM_E ______ -Jl.-- tA~E--.\L ____ ' __________________________________ ___ 

ic tENCON2 --i 
Enco-de------~~\4----tAM----./r----------------------------------

On * :_ IGAPL--,_IPLOL-+! 

WDATA 
:,.--GatspADMaGta--.ir------------------------" 

Synchronization Field (PLO) User Data 

______ ~~------'-c-------t-D-AM-------------,~·!ctAM.:r---------____________ , 

WPCDATA Gap Data Synchronization Field (PLO) 

* Internal Signal 

FIGURE 9·3. ADDRESS MARK GENERATION TIMING DIAGRAM 
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SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 

PIN(S): WPCDATA 

LSBTt Resolution TRLL for codes 0 to 15 
164 

INL Integral Non-Linearity ±O.5 LSBR 

DNL Differential Non-Linearity ±O.5 LSBR 

GAIN Gain Accuracy ±3 %LSBT 100*(LSBR-LSBT)/LSBT 

twpc WPCDATA Pulse Width 11/16 17/16+x TRLL x is 10ns max. and indo 
ofTRLL 

tWTl WPCDATA Timing Jitter ±200 ps one 0', lab supply 
±200 ps one 0' , w/filtered:j: 

50mv p-p power supply 
ripple 

tRL* Ramp Lock Loop Lock- 1.5 3 ms from assertion of RLLEN 
UpTime 

t LSBT is the theoretical resolution. It should not be confused with the LSBR which is derived from the 
regression analysis. 

:j: See Figure 1-2 - Variable Frequency Channel Schematic. 

WPCDATA 
(code n-1) 

WPCDATA 
(code n) 

WPCDATA 
(code n+1) 

TABLE 9-14. WRITE PRECOMPENSATION TIMING SPECIFICATIONS 

... 

\~------------~I _. 
\ _________ ----Jr 

-: 

\1....-_____ ----'1 
FIGURE 9-4. WRITE PRECOMPENSATION TIMING DIAGRAM 
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SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 

PIN(S): AME, AMD, RAWDATA, RDATA, RCLK 

tAMD End of AM to AMD Valid 1 3 TRLL 

tRG AMD Valid to RGATE Valid 1 Byte 

tLG End of AMt to End of 60 96 TRLL user programmable 
Velocity Lock 5-8 Bytes 

tDET End of AMt to Start of Data tLG-3 tLG TRLL 
Detection 

tDECON End of AMt to Decode On tDET+10 TRLL 

tDEC RAWDATA to RDATA 1 1.25 Bytes 
Decode Delay 

tRAW RAWDATA pulse width 10 ns 
high/low 

tRDT Minimum RAWDATA period 1.5 TRLL w/o internal drop out 

tRDC Centering of RDATA rising to -5 +5 ns from center (T NRz/2) 
RCLK rising measured during 

closed loop 

tRCD RCLK Duty Cycle (during 45 55 %TNRZ measured during 
Read & Write) closed loop at 0.8V 

and 2.0V crossings 

t Specified from RGATE rising for hard sector operations. 

TABLE 9-15. READ TIMING SPECIFICATIONS 

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 

PIN(S): RAWDATA, RDATA, RCLK, DELRD, WINCLK 

tDWL Data Detection Window Loss 250 ps open loop fixed losses 

tDWC Data Detection Window ±1 %TRLL 
Centering Error 

tpwc Phase Detection Window ±2 %TRLL 
Centering Error 

tWM Window Monitoring Error ±250 ps Matching of 
DELRDIWINCLK to 
internal Data Det. 
Window 

TABLE 9-16. PHASE & DATA DETECTION WINDOW TIMING SPECS 
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AME ~S 

Phase Lock' 

~tLG 

Synchronized RAWDATN 

(8egin Phase Lock, Data 
Detection, and Framing) 

Low Gain' ____________________ -;-I _____ ---'~ (Switch to Low Gain) 

I---t DET Ww1ruuul 
n n fl rl rl rl c:c. 00 1 00 1 00 1 ._, ~ l ~ ~ ~ ~.l.l 

r 
_. __ -.: L.J LJ L 

n DELRD 

--.j 1_ Detection Window, T RLL 

WINCLK ____ -' ~ 
Re-synchronized n _n __ n __ n n n I 
RLL Data' ____________________ +-__ --'-_----"S~ ~ 1 ~ 1 ~ 1 U U U 

t+--- t DECON ~j 
Decoder On '1-____ --'/ (8egin Decoding) 

==~~~-_-~--I~·~~~~------to-EC---------,~---~-4~~S 'I 
1---- RDAq ~ 

I-- t ROC 
RAWDATA 

• Internal SIgnal RCLK 

FIGURE 9-5. READ TIMING DIAGRAM 
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SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 

PIN(S): RAWDATA, RDATA, RCLK 

tpws Percentage Window Shift ±2 %TRLL 
Accuracy 

LSBT Theoretical Resolution 2 owss 6 ns See EO. 16.0 

GAINt Gain (LSB) Accuracy ±TBD %LSBT 100*(LSBR-LSBT) 
ILSBT 

INLt SAM Integral Non-Linearity ±250 ±500 ps See EO. 18.0 
(~wss) 

DNLt SAM Differential Non- ±250 ±500 ps See EO. 18.0 
Linearity (~wss) 

tOFFSETt SAM Code Zero Offset ±TBD ns Extrapolated Regres-
sion Code 0 

tWL* WSS Lock-Up Time 3 ms From assertion of 
WSSEN 

t Specifications are for the full range of LSBT, LSBT is the theoretical resolution. It should not be 
confused with LSBR which is derived from the regression analysis. The regression equation is given by: 

~WSSR (code)=LSBR* (code+1) +tOFFSET. 

The theoretical equation is given by: 
~WSST (code)=LSBT*(code+1) +0 = owss*(code+1) + o. 

The offset, tOFFSET, is defined to exclude all gain error. Therefore, the offset is determined at the "zero 
LSB" point extrapolated from the regression equation, ~wssR(code = -1). 

TABLE 9-17. WINDOW SHIFT TIMING SPECIFICATIONS 

SYMBOL CHARACTERISTIC MIN TVP MAX UNITS CONDITIONS 

PIN(S): FSPMP 

tFTJ* Frequency Synthesizer ±50 ps one a, lab supply 
Timing Jitter ±100 ps one a , wlfiltered:j: 

50mv p-p power supply 
ripple at 1-2KHz 

tFSL* Frequency Synthesizer Lock- 1.5 3 ms Following CODNCOD 
up Time load 

t See Figure 1-2 - Variable Frequency Channel Schematic. 

TABLE 9-18. FREQUENCY SYNCHRONIZER PLL AC SPECIFICATIONS 
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SYM. CHARAC- SLOW NOMINAL FAST UNITS CONDITIONS 
TERISTIC 

PIN(S): DSPMp, LPF, VCON (Specified for Phase Lock. Voo=5V) 

Koot Phase 1 12n(521dr 129) 1 12n(291dr 17) 1/2n(26Idr 2B) !lAIrad 
Detector Gain, 
BAN DO 

K01t Phase 1/2n(2Bldr-54) 1 12n(231dr 1B) 1/2n(21fdr-33) !lAIrad 
Detector Gain, 
BAND1 

K02t Phase 1 12n(3Bldr 1B2) 1 12n(27Idr-1 09) 1/2n(1 Bldr-24) J.lNrad 
Detector Gain, 
BAND2 

K03t Phase 1/2n(31fdr131) • 1/2n(17Idr3) 1/2n(15Idr 33) !lAIrad 19.1 SldrS27 MHz 
Detector Gain, 1/2n(20Bldr-4BOO) 1 12n(23.2Idr 117) 1/2n(14.3Idr 1) J.lNrad 27.0SldrS33 MHz 

BAND3 

Koot VCO Gain, -171dr +21B -121dr +30B -231dr +469 %N 

BAN DO 

K01t VCO Gain, -131dr +254 -131dr +363 -Bldr+356 %N 
BAND1 

K02t VCO Gain, -11fdr +251 -Bldr +331 -141dr +513 %N 

BAND2 

K03t VCO Gain, -6ldr +177 -7ldr +362 -9ldr +510 %N 19.1SldrS27 MHz 
BAND3 27.0Sldr$33 MHz 

KV3t Open Loop 1/2n(60000) 1/2n(76000) 1/2n(92000) %J.lA!V Idr=33 MHz 
Gain Limit, 
BAND3 

RKOG Acquisition to 1.9 2.0 2.1 KO(ACQ) :KO(TRACK) 
Tracking Gain 
Ratio 

RKOS Up to Down 0.95 1.0 1.05 Ko(uP):Ko(oOWN) 
Symmetry 
Ratio 

tOTJ* Data ±0.25 %TOR one cr, lab supply, 
Synchronizer 3T data (001) one 

Timing Jitter ±0.25 %TOR cr, wlfiltered:j: 
50mv p-p power 
supply ripple at 
open loop unity 
gain, 3T data 
(001) 

t Ko vanes with frequency, Inversely as Ko, to IIneanze loop gam product (Kv=Ko*Ko). Ko and Ko are 
specified as linearized gains, using the measured VCON voltages found at the frequency extremes of 
each of the frequency bands. Slow and fast values represent variations in the linear approximation due 
to process, temperature, and voltage variations. The open loop gain product Kv should be calculated 
within a given speed corner. Note that Ko doubles during high gain acquisition. 
:j: See Figure 1-2 - Variable Frequency Channel Schematic. 

TABLE 9-19. DATA SYNCHRONIZER PLL AC SPECIFICATIONS 
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SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 

PIN(S): ALE, MCS (Chip Select), MRE (Read), MWE (Write), AD7-0 (Address/Data) 

tALw ALE pulse width high 15 ns 

tAsALI Address setup to ALE low 10 ns 

tAhidALI Address hold after ALE low 5 ns 

tAzROI Read low to Address tri-state 15 ns 

tRow Read pulse width 110 ns 

tROhALh Read high to next ALE high 15 ns 

tROax Read (data) access time 18 90 ns CL = 30pF to 100pF 

tOzROh Data tri-state after Read high 5 30 ns @ VOH-0.5V & VOL + 0.5V 

tAvWRI Address valid to Write low 25 ns 

tWRw Write pulse width 70 ns 

tWRhALh Write high to next ALE high 10 ns 

tOswRh Data setup to Write high 50 ns 

tOhldWRh Data hold after Write high 5 ns 

TCSIRWI Chip Select low to 10 ns 
ReadlWrite low 

TRWhCSh ReadlWrite high to Chip 5 ns 
Select high 

tLPSRO Setup of Low Power Mode 100 Ils Does not effect register 
Deactivation to Register writes 
Reads (Le. settling time of 
output driver bias from 
RSTPDN off) 

tacs MCS to BCS Propagation 19 ns 
Delay 

tRST HRESET Minimum Pulse 20 ns 
Width Low 

TABLE 9-20. MICROPROCESSOR INTERFACE TIMING SPECIFCATIONS 
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MCS 

MRE 

\\..--____ ---'1 
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:- --:_TRDw-:- TRWhCSh--: 
TCSIRWI : : 

\\...-..----J! 
: ... TRDax'; 

TRDIAz +: .... 
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: ... TDhldRDh+: 

Address Valid AD7-0--t+{ 
~-------L;f..J 
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. ...- --...~ --+-. 
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......-~. 

\'----
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APPENDIX 
A.O APPLICATION NOTES 
A.1 FREQUENCY SYNTHESIZER 

As discussed in section 3.0, "Frequency Syn
thesizer", the Frequency Synthesizer utilizes one 
divider to divide the crystal reference (COD) and 
one for the VCO (VCOD). This leads to some 
confusion as to the resolution which can be ex
pected in generating the NRZ data rate. 

As can be seen from EO. 6.0, the output of the 
Synthesizer is simply a ratio of the crystal input 
frequency pre-scaled by the HFCOD. That is, for 
any given crystal frequency, there is a set of ratios 
which may be generated by programming the 
~alue of the VCOD and COD registers. The result
!ng VCOD/COD .ratios will be contained by the 
Input frequency limits to the PLL, and the maxi
mum and minimum data rates allowable (EO. 3.0 
and EO. 5.0). Disregarding these constraints for 
the time being, the ratios have certain charac
teristics which are of interest and which greatly 
effect the resolution of the system. 

Take, for example, the ratios generated by x/y 
where x and y range from 1 to 10. Let's further 
bound these ratios by zero and one. If we create 
an axis on which to plot the ratios, we can begin 
to see. an interesting phenomenon. Starting with 
th~ ratio 1/2, place a mark at this point on the 
aXls.We have reduced the distance between the 
marks at zero and one by a factor or two. If we 
take the next ratio, 1/3 and 2/3, we further reduce 
the distance from zero and one to the next 
~earest mark, down to 1/3. As this process con
tinues, we see that the distance from zero and 
one to the next nearest mark will be equal to the 
smallest ratio we generate. In this case it will be 
1/10. There is a mark at 9/10 and a mark at 1/10 
both of which are 1/10 away from their respectiv~ 
neighboring integer ratios, one and zero. In the 
mean time, the intervals created between one and 
zero have been reduced to much less than 1/10. 
For example, the distance between 1/10 and 1/9 

is .1/90. This ~henomena repeats at all integer 
ratios. In fact, It can be show that the resolution 
similarly degrades around multiples of 1/2, but to 
a much lesser degree. This process continues 
with the resolution around multiples of 1/3 being 
better an 1/2, but worse than 1/4, etc. 

Following this same pattern, the Frequency Syn
thesizer will have resolutions which are coarser at 
and around integer ratios of the VCOD/COD and 
it can be said that the worst possible resol'ution 
will be equal to 1/COD, in the same fashion as the 
worst resolution in the illustration given above was 
1/10. However, in general, the resolution will be 
much better, as was also illustrated with the ex
ample of 1/90 above. 

~nother way of.visualizing the resolution question 
IS as follows. Since the COD serves to divide the 
crystal input frequency down to the range of 95 to 
105 KHz, the VCO can only be generated as a 
multiple of this (i.e. EO. 6.0). It is therefore easily 
seen that the best resolution will occur when the 
PLL is operated at 95 KHz. However, in order to 
reach the higher data rates, the PLL will ultimately 
have to be operated at up to 105 KHz. The actual 
NRZ output of the synthesizer will therefore have 
a resolution which is never worse than, and al
most always much better than 105kHz times 4/3 
or 140 KHz. ' 

The C program on the following page is provided 
to assist in programming the Synthesizer. The 
program requires as its input, the desired crystal 
frequency. The output will be the exhaustive set of 
all possible data rates along with the necessary 
COD and VCOD values. Taking the output of this 
program and sorting based on the first column 
(NRZ data rate) produces a convenient look up 
table of data rates for the given crystal frequency. 
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#include <stdio.h, math.h. string.h> 
main(argc, argv) 
int argc; 
char *argv[ ]; 
( 

float fxtli = 0.0; 
float fxtlicod 
float fvco 
float fnrz 
float cod 
float vcod 
char *fxtliptr; 
fxtliptr = argv[1]; 

= 0.0; 
= 0.0; 
= 0.0; 
= 1.0; 
= 1.0; 

fxtli = (float) atof(fxtliptr); 
printf("fxtli =%02f MHz \n", (fxtli/1 e6)); 
while (cod <= 256.0) 
{ 

fxtlicod = fxtlilcod/1 e3; 
if ((fxtlicod <= 105) && (fxtlicod >= 95)) 
{ 

} 

while (vcod <= 256.0) 
{ 

} 

fnrz = 4.0*fxtlicod*vcod/3e3; 
if ((fnrz <= 33.0) && (fnrz >= 7.5)) 
printf("%02f MHz: cod =%02f vcod = 

%02f fpll =%02f kHz \n", 
fnrz, (cod-1), (vcod-1), fxtlicod); 

vcod = vcod + 1.0; 

vcod = 1.0; 

cod = cod + 1.0; 
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A.2 WINDOW SHIFT SYNTHESIZER 
For discussion of the resolution, refer to "A-1 Fre
quency Synthesizer". The following C program is 
provided to assist in programming the Syn
thesizer. The program requires as its input the 
expected data rate. The output will be the exhaus
tive set of all possible data rates along with the 
necessary COD and VCOD values. Taking the 
output of this program and sorting based on the 
first column (NRZ data rate) produces a con
venient look up table of data rates for the given 
crystal frequency. 

#include <stdio.h, math.h, string.h 
main(argc, argv) 
int argc; 
char *argv[]; 
{ 

21-62 

float delay = 0; 
int wsi = 0; 
float fdr = 0.0; 
float fclk = 0.0; 
float tclk = 0.0; 
float ftclkcod = 0.0; 
float fvco = 0.0; 
float fvcovcod = 0.0; 
float SAM = 1.0; 
float range = 0.0; 
float cod = 1.0; 
float vcod = 1.0; 
float ws = 0.0; 
float wsf = 0.0; 
float delta = 0.0; 
char *fdrptr; 
fdrptr = argv[1]; 
fdr = (float) atof(fdrptr); 
ftclk = 1.5*fdr; 
tclk = 1 e9/ftclk; 
printf("Data Rate =%02f MHz\n", (fdr/1e6)); 
while (cod :::::16.0) 
{ 

ftclkcod = (ftclk/cod)/1 e6; 
if ((ftclkcod <= 15) && (ftclkcod >= 3)) 
{ 

while (vcod <= 32) 
{ 
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} 

} 

fvco = ftclkcod*vcod; 
delta = {1000.0/fvco)/9.0; 
if ({delta <= 6) && (delta >= 2)) 
{ 

while (SAM ::;;16) 
{ 

delay = (SAM*delta); 
wsi = (int) (delay/tclk); 
wsf = (float) wsi; 

WD10C27 

ws = 100*{{{{tclkl2) * ({2*wsf) + 1))-delay)/tclk; 
printf{,,%02f percent (delay =%02f ns): 

} 

cod =%02f vcod =%02f 

(vcod-1), (SAM-1)): 
SAM = %02f/n".ws, delay,{cod-1). .. 

SAM=SAM+ 1.0; 
} 
SAM=1.0; 

vcod=vcod+ 1.0; 

vcod=1.0; 

cod=cod+ 1.0; 
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INTRODUCTION 

1.0 INTRODUCTION 
The 33C92A is a MOSIVLSI device which is im
plemented in Western Digital's CMOS process. It 
operates from a single 5 volt supply and is avail
able in either a 44-pin chip carrier or a 48-pin 
dual-in-line package. All inputs and outputs are 
TTL-compatible. 

1.1 FEATURES 

• Implements full SCSI bus features: arbitration, 
disconnect, reconnect, parity 
generation/checking on both data ports, 
soft reset, and synchronous data transfers. 

• Synchronous offset selectable from 1 to 12. 
bytes, with selectable transfer period up to 5 
Mbytes/s. ~NSI spec compatibility guaranteed 
to 4 Mbytes/s. 

• Compatible with most microprocessors through 
an 8-bit data bus; supports both multiplexed 
and non-multiplexed address/data bus 
systems. Host bus data parity checking and 
generation is an optional feature. 

WD33C92A 

• Can be used as host adapter (SCSI Initiator) or 
peripheral adapter (SCSI Target). 

• Data transfer options include programmed I/O, 
single-byte DMA, burst (multibyte) DMA, or 
direct bus access (WD bus) transfers. 

• Burst data transfers up to 4096 bytes. 

• Programmable timeout for selection and 
reselection. 

• "Combination" commands greatly reduce 
interrupt-handling responsibilities. 

• Special "Translate Address" command 
performs the Logical-to-Physical address 
translation. 

• Single +5V supply. ,. 
• Available in 44-pin chip carrier or 48-pin DIP. 

• Low-power CMOS design. 

• Compatible with single-ended or differential 
external drivers. 
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2.0 DESCRIPTION 
The 33C92A is intended for use in systems which 
interface to the SCSI (Small Computer System 
Interface) Bus. The 33C92A can operate in both 
the initiator (typically, a host computer system) 
and the target (typically, a peripheral device) SCSI 
bus roles. 

When used in the host system, the 33C92A inter
faces to both the host bus and the SCSI bus. To 
perform a SCSI operation, the host processor 
must issue a command to the 33C92A to select 
the desired Target. The 33C92A then arbitrates for 
the SCSI bus and selects the peripheral unit. If it 
fails to get the bus because of a device with 
higher priority, it continues trying, notifying the 
host when it has succeeded by generating an 
interrupt. At this point, the 33C92A is operating in 
the initiator role. When the peripheral requests a 
SCSI command from the host, the 33C92A 
receives the request and generates another 
interrupt to the host. The host responds to this 
interrupt by issuing a "Transfer Info" command 
and supplying SCSI command bytes to the 
33C92A. The 33C92A transfers the SCSI com
mand to the peripheral, and then waits for the 

DESCRIPTION 

next bus phase request. This process continues 
until all SCSI information including data, 
status, and messages have been transferred. 

The 33C92A also offers high-level Select-and
Transfer commands, eliminating the interrupt han
dling otherwise required between each SCSI bus 
phase. 

When the 33C92A is used in a peripheral system, 
it interfaces with a local processor and the SCSI 
bus just as it does when used as a host adapter. 
In this environment, the 33C92A will operate 
primarily in a Target role. The Target-role com
mand set enables the 33C92A to request each 
SCSI bus phase individually or to sequence the 
SCSI bus phases automatically through the use of 
combination commands. 

The 33C92A has an internal microcontroller, a 
register task file, and SCSI interface logic. This 
architecture supports both tight control of the 
protocol for non-standard SCSI implementations, 
as well as a hands-free mode for standard SCSI 
applications. 
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3.0 33C92A PINOUT 
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FIGURE 3-1. 44-PIN QUAD PIN DIAGRAM 
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4.0 SIGNAL DESCRIPTIONS 

PIN MNEMONIC I/O DESCRIPTION 

6 ClK I 8-20 MHz square wave clock. 

37 MR- I Reset is an active-low input which forces the 33C92A into an idle 
state. All SCSI outputs are tristated. 

14 INTRO 0 Interrupt Request to external microprocessor. Indicates command 
completion/termination or a need to service the SCSI interface. 
This bit is reset when the SCSI STATUS register is read. 

27 RE- I/O Read enable is an active-low input which is used with CS- to read 
a register. In WD Bus mode, it is used as an output to read data 
from a sector buffer. Also used for DMA transfers. (TRI-STATE) 

26 WE- I/O Write enable is an active-low input which is used with CS- to write 
a register. In WD Bus mode, it is used as an output to write data to 
a sector buffer. Also used for DMA transfers. (TRI-STATE) 

25 CS- I Chip Select is an active-low input which qualifies RE- and WE-
when accessing a register. This signal must be inactive during a 
DMA cycle (DACK- active in DMA/burst mode or DRO active in 
WD Bus mode). 

24 AO I Address pin used to access the internal registers for non-multi-
plexed address/data busses (Le. the ALE pin is grounded). The ad-
dress of the desired register is loaded into the ADDRESS register 
during a write cycle with AO=O. The selected register is then ac-
cessed when AO= 1 . 

11 ALE I Address latch Enable is used for multiplexed address/data bus-
ses to load the address of the desired 33C92A register from the 
data bus. If indirect addressing is to be used, the ALE pin should 
be grounded. See the description of the ADDRESS register for a 
complete discussion of direct and indirect addressinQ. 

13 DACK- I/O DMA acknowledge input used for interfacing to an external DMA 
(RCS-) controller (e.g. 8237). When DACK- is low, all bus transfers are 

to/from the DATA register regardless of the contents of the AD-
DRESS register. In WD Bus mode, this pin functions as a RAM 
chip select output to allow the 33C92A to access a sector buffer. 
RE- and WE- are outputs when RCS- is active. Since this pin can 
be an open drain output, a pullup resistor may be required when 
operating in WD Bus mode. 

TABLE 4-1. PROCESSOR/DMA INTERFACE 

NOTE: 

Pin numbers are for the 44-pin _quad package. 
See Figure 3-2 for the 48-pin positions. 
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PIN MNEMONIC 1/0 DESCRIPTION 

12 DRO- 1/0 Data request is an output when interfacing to (DRO) an external 
DMA controller and an input when in WD Bus mode. When used 
with an external DMA controller, DRO- and DACK- form the hand-
shake for the data-byte transfers. In Burst mode, DRO- remains 
low as long as there is data to transfer. In WD Bus mode, the 
33C92A performs burst transfers while DRO is high, and when 
DRO is low, data transfers are inhibited, RCS- is false, and the RE-
and WE- outputs are disabled. Since this pin can be an open drain 
output, a pullup resistor may be required when operating in DMA 
or Burst mode. 

15-22 D7-DO 1/0 Processor data bus. 

28 DP I/O Data Parity, used only for checking/generating parity during data 
transfers. 

TABLE 4-1. PROCESSORIDMA INTERFACE (CONTINUED) 

NOTE: 

Pin numbers are for the 44-pin quad package. 
See Figure 3-2 for the 48-pin positions. 
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PIN MNEMONIC I/O DESCRIPTION 

43 ATN I/O ATN is an output in the initiator role and an input in the target role. 
It is used to indicate the ATTENTION condition. 

41 REO 1/0 REO is an input in the initiator role and an output in the target role. 
It indicates a request for a REO/ACK data transfer. 

42 ACK 11/0 ACK is an output in the initiator role and an input in the target role. 
It indicates an acknowledgement for a REO/ACK data transfer 
handshake. 

39 MSG I/O MSG is an input in the initiator role and an output in the target role. 
It is asserted during a MESSAGE phase. 

38 C/O- 1/0 C/O- is an input in the initiator role and an output in the target role. 
It is used to indicate whether CONTROL or OATA information is on 
the SCSI data bus. 

40 IlO- IlO 1/0- is an input in the initiator role and an output in the target role. 
It controls the direction of data movement on the SCSI data bus 
with respect to an Initiator. 

29-36 SO? 1/0 SCSI data bus. 
I SOO 

28 SOP 1/0 SCSI data bus parity signal. 

9 BSYI I BSYI signals the 33C92A that SCSI BSY- is asserted. 

? BSYO 0 The 33C92A asserts BSYO to assert the SCSI BSY- signal. 
10 SEll I SEll signals the 33C92A that SCSI SEL- is asserted. 

8 SELO 0 The 33C92A asserts SELO to assert the SCSI SEL-signal. 

3 SOlE 0 Enables SCSI data bus receivers. 

4 SOOE 0 Enables SCSI data bus drivers. 

5 ARBLO 0 Latches the decoded port number into an external register just 
prior to the SCSI bus arbitration process. 

2 IGS 0 The 33C92A asserts IGS when operating as an Initiator. I~S 
enables the SCSI drivers for ATN and ACK. 

1 TGS 0 The 33C92A asserts TGS when operating as a TargetTGS 
enables the SCSI drivers for REO, MSG, C/O- and 1/0-. 

TABLE 4-2. SCSI IN"rERFACE 

NOTE: 

Pin numbers are for the 44-pin quad package. 
See Figure 3-2 for the 48-pin positions. 
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5.0 33C92A BLOCK DIAGRAM 
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FIGURE 5-1. 33C92A BLOCK DIAGRAM 
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6.0 33C92A REGISTERS 
6.1 REGISTER MAP 

AO R/W REGISTER ACCESSED ADDRESS 
(HEX) 

0 R AUXILIARY STATUS REGISTER XX 

0 W ADDRESS REGISTER XX 

1 RIW OWN ID REGISTER /CDB SIZE 00 00 

1 RIW CONTROL REGISTER 01 

1 RIW TIMEOUT PERIOD REGISTER 02 

1 RIW TOTAL SECTORS REGISTER /CDB 1ST 03 

1 RIW TOTAL HEADS REGISTER /CDB 2ND 04 

1 RIW TOTAL CYLINDERS REGISTER{MSB)/CDB 3RD 05 

1 R/W TOTAL CYLINDERS REGISTER{LSB)/CDB 4TH 06 

1 RIW LOGICAL ADDRESS{MSB) /CDB 5TH 07 

1 RIW LOGICAL ADDRESS{2ND) /CDB 6TH 08 

1 RIW LOGICAL ADDRESS(3RD) /CDB 7TH 09 

1 R/W LOGICAL ADDRESS(LSB) /CDB 8TH OA 

1 RIW SECTOR NUMBER REGISTER /CDB 9TH OB 

1 RIW HEAD NUMBER REGISTER /CDB 10TH OC 

1 RIW CYLINDER NUMBER(MSB) REGISTER/CDB 11TH OD 

1 RIW CYLINDER NUMBER(LSB) REGISTER/CDB 12TH OE 

1 RIW TARGET LUN REGISTER OF 

1 RIW COMMAND PHASE REGISTER 10 

1 RIW SYNCHRONOUS TRANSFER REGISTER 11 

1 RIW TRANSFER COUNT REGISTER (MSB) 12 

1 RIW TRANSFER COUNT REGISTER (2ND BYTE) 13 

1 RIW TRANSFER COUNT REGISTER (LSB) 14 

1 RIW DESTINATION ID REGISTER 15 

1 R/W SOURCE ID REGISTER 16 

1 R SCSI STATUS REGISTER 17 

1 RIW COMMAND REGISTER 18 

1 R/W DATA REGISTER 19 

NOTES: 

1. All unused bits of a defined register are 
reserved and must be zero. 

2. Reading an undefined or unavailable register 
results in an all-ones data bus output. 

4. When using a multiplexed address/data bus 
with ALE, the AO pin is ignored and the ADDRESS 
register is loaded with ALE. In this mode, the 
AUXILIARY STATUS register is mapped at hex 
1F. 

3. Register addresses are determined by the AD
DRESS register bits AR7 through ARO. 

5. See section 6.3 for a description of how reset 
affects the internal registers. 
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6.2 REGISTER DESCRIPTIONS 

6.2.1 Auxiliary Status Register 

The AUXILIARY STATUS register is a read-only 
register which contains general status information 
not directly associated with the interrupt condition. 
The AUXILIARY STATUS register may be ac
cessed at any time, except during DMA accesses 
(DACK- asserted in DMAlBurst mode or DRO as
serted in WD bus mode). 

Bit 0 DBR-DATA BUFFER READY 

DATA BUFFER READY is used during 
programmed I/O to indicate to the proces
sor whether or not the DATA register is 
available for reading or writing. During 
Send or Transfer commands which trans
mit data over the SCSI bus, the DBR bit is 
set when the 33C92A is ready to take a 
byte from the host; the bit is reset when 
the processor writes the byte to the DATA 
register. During Receive or Transfer com
mands which receive data over the SCSI 
bus, the DBR is set when a byte is 
received; it is reset when the processor 
reads the byte from the DATA register. 

Bit 1 PE-PARITY ERROR 

PARITY ERROR status indicates that 
even parity was detected on a data byte 
received during an information transfer. 
Parity is checked on data received from 
the host bus during transfers out to the 
SCSI bus and is checked on data received 
from the SCSI bus during transfers out to 
the host bus. 

Detection of a parity error will set the PE 
status bit regardless of the state of the 
HHP or HSP bits in the CONTROL 
register. The PE bit is cleared when a new 
command is issued. 

Bit 2,3 Not Used 

Not used bits are zero. 

WD33C92A 

Bit 4 CIP-COMMAND IN PROGRESS 

COMMAND IN PROGRESS, when set, in
dicates that the 33C92A is interpreting the 
last command entered into the COM
MAND register and therefore this register 
is unavailable. When this bit is reset, a 
command may be written to the COM
MAND register. 

Bit 5 BSY-BUSY 

BUSY indicates that a Level II command 
is currently executing and therefore only 
the COMMAND register (when CIP = 0), 
the DATA register, and the AUXILIARY 
STATUS register are accessible by the 
host. A Level II command may not be writ
ten to the COMMAND register when this 
bit is one. 

Bit 6 LCI-LAST COMMAND IGNORED 

LAST COMMAND IGNORED indicates 
that a command was issued by the host 
just prior to or concurrent with a pending 
interrupt, and therefore the command will 
be ignored. 

Bit 7 INT-INTERRUPT PENDING 

INTERRUPT PENDING indicates that the 
INTRa pin is asserted. The host should 
read the SCSI STATUS register to clear 
INTRa prior to issuing any commands. 

6.2.2 Address Register 

The ADDRESS register is a write-only register 
which contains the address of the register to be 
accessed. Registers in the 33C92A may be ac
cessed in one of two ways: 

• Direct addressing (multiplexed address/data 
busses). In direct addressing, the falling edge 
of the ALE signal is used to latch the address 
into the ADDRESS register. The AO pin should 
be connected to ground when using this 
method. The ALE is typically then followed by 
the CS- and WE- or RE- signals that access 
the selected register. Also, in direct 
addressing, the AUXILIARY STATUS register is 
located at address 1 F hex. 
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• Indirect addressing (separate address/data 
busses). In indirect addressing, the register 
access is performed in two separate cycles. 
This method is enabled by attaching ALE to 
ground. First, the ADDRESS register is loaded 
by performing a write of the desired address to 
the 33C92A (WE- and CS- asserted) with 
AO=O. Then the register is accessed by 
asserting CS- and WE- or RE-, with AO=1. 
Also, following every access with AO=1, the 
ADDRESS register will automatically increment 
to point at the next register, with the exception 
of the following locations: AUXILIARY STATUS 
register, DATA register, and the COMMAND 
register. In indirect addressing, the AUXILIARY 
STATUS register is accessed by performing a 
read (CS- and RE- asserted) with AO=O. 

6.2.3 Own ID/CDB Size Register 

The OWN ID/CDB SIZE register, in its first mode, 
contains both the encoded ID of the 33C92A on 
the SCSI bus and several control bits that are 
used to initially configure the device during the 
"Reset" command. These bits control 'advanced 
feature' selection, host bus parity enable, and 
selection of the divisor for the input clock. In its 
second mode (when advanced features are 
enabled, see 7.3), this register is used during the 
combination commands to specify the SCSI CDB 
size if the command group is unknown to the 
33C92A. 

In the first mode, this register (as defined below) 
is sampled and becomes effective only after a 
"Reset" command is issued to the device. This 
register must be initialized, and a "Reset" com
mand must then be issued, following a hardware 
reset to set the SCSI bus ID, the clock divisor, and 
the operating modes before any other commands 
are issued. 

In the second mode, bits 3-0 of this register are 
used during the Select-and-Transfer and Wait-for
Select commands to specify the SCSI Command 
Descriptor Block size if it is not a group 0, group 
1, or group 5 command. This mode is enabled 
only when advanced features are enabled (see 
7.3). 

33C92A REGISTERS 

Bit 0-2 IOn-SCSI 10 Bits 0-2 

SCSI ID Bits 0-2 set the SCSI bus ID 
number that the 33C92A will use during 
arbitration and selection. 

Bit 3 EAF-ENABLE ADVANCED FEATURES 

ENABLE ADVANCED FEATURES, when 
set to one, causes the 33C92A to enable 
certain advanced features (see section 
7.3). When this bit is zero, those features 
are disabled. 

Bit 4 EHP-ENABLE HOST PARITY 

ENABLE HOST PARITY, when set to one, 
enables odd parity checking on the host 
bus; the PE bit in the AUXILIARY STATUS 
register will indicate parity errors detected 
on the host bus, and the HHP bit in the 
CONTROL register will be used. When 
this bit is zero, no checking is performed 
on the host bus; the PE bit is not set when 
a parity error is detected on the host bus, 
and the HHP bit must be set to zero. 
NOTE: Parity is always generated on the 
host data parity bit (DP), regardless of the 
state of this bit. 

Bit 5 Not Used 

Not used bits are zero. 

Bit 6-7 FSn-FREQUENCY SELECT 0-1 

FREQUENCY SELECT 0-1 select the 
divisor that is applied to the input clock. 
The resulting clock is used for data trans
fer timing and for SCSI bus arbitration 
timing. The table below shows input clock 
frequency ranges and the corresponding 
divisors. The correct divisor for the input 
clock must be used, or SCSI bus timing 
specifications may not be met. 
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INPUT 
CLOCK 

FREQUENCY FS1 FSO RESULTING 
jMH~ DIVISOR 

8-10 0 0 2 
12-15 0 1 3 
16-20 1 0 4 
xx 1 1 undefined 

Note that an 11 MHZ clock rate should not be 
used, as the resulting SCSI bus clear delay may 
violate SCSI specifications. The formula for com
puting the maximum SCSI data transfer rate is: 

MAXIMUM SCSI TRANSFER RATE = 
INPUT CLOCK FREQUENCY/CLOCK DIVISOR[MByte/sec] 

6.2.4 Control Register 

The CONTROL register is used to enable/disable 
certain functions, such as response to parity er
rors and the SCSI attention condition, interrupt 
handling, and data transfer modes. 

Bit 0 HSP-HAL T on SCSI PARITY ERROR 

The HALT on SCSI PARITY ERROR bit 
enables the 33C92A to immediately ter
minate a Receive or Transfer command if 
a parity error is detected on an incoming 
SCSI data byte. In the Initiator role, ter
mination due to a SCSI parity error causes 
the ACK pin to be left in the active state in 
order to inhibit any additional data trans
fers (REQs) by the Target; this facilitates 
error handling with the Target. 
Synchronous data transfers check 
parity every 4096 bytes, or at the end of 
the remaining transfer count, whichever is 
less. Asynchronous transfers check parity 
on every byte. 

Bit 1 HA-HALT on ATTENTION 

The HALT on ATIENTION bit (in Target 
mode only) enables the 33C92A to ter
minate a Send or Receive command if the 
ATN input is asserted. This normally indi-

WD33C92A 

cates that the Initiator detected a parity 
error while receiving data from the 
33C92A. The ATN input is tested before 
the start of a data transfer, every 4096 
bytes if the transfer count is greater than 
4096, and after the end of the transfer. 
These rules apply to bothsynchronous and 
asynchronous transfers. 

Bit 2 IDI-INTERMEDIATE DISCONNECT 
INTERRUPT 

The INTERMEDIATE DISCONNECT IN
TERRUPT bit, when set, enables the 
33C92A to generate an 85H interrupt and 
complete a Select-and-Transfer command 
if the Target disconnects according to the 
defined SCSI protocol. When this bit is II 
reset, no interrupt is generated 
by a valid disconnect. This feature, when 
used with the Resume SAT command, 
provides support for overlapped SCSI 
operations. IDI is also used to select ex-
ecution options in Target mode Combina-
tion commands that serve to reduce host 
system overhead. Refer to Section 7 for 
more details. 

Bit 3 EDI-ENDING DISCONNECT INTERRUPT 

When the ENDING DISCONNECT IN
TERRUPT bit is set, the 16H interrupt 
which normally follows the COMMAND 
COMPLETE message during the 
execution of a Select-and-Transfer com
mand will be suppressed until the Target 
disconnects from the SCSI bus. EDI is 
also used in the Target mode Combination 
commands to enable chaining between 
those commands, resulting in reduced 
host system overhead. Refer to Section 7 
for more details. 

Bit 4 HHP-HALT on HOST PARITY ERROR 

The HALT on HOST PARITY ERROR bit 
enables the 33C92A to immediately ter
minate a Send or Transfer command if a 
parity error is detected on an incoming 
host data byte. Host parity errors are 
checked according to the rules for check
ing SCSI parity errors. However, a halt on 
a host parity error will not hold the ACK 
signal asserted when an error occurs. 
Host parity checking is performed at the 
same intervals as SCSI parity checking. 
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Bit 5-7 DMx-DMA MODE SELECT 

DM2 
0 

0 

0 

1 

DMA MODE SELECT bits 2-0 are used to 
select the DMA mode of operation, which 
describes the host bus transfer mode 
used during Data In or Data Out phases. 
The following table describes the different 
DMA modes, and the state of these bits to 
select them: 

DM1 DMO DMA MODE SELECTED 

0 0 POLLED MODE, or no DMA enabled. All data phase transfers are per-
formed by polling for DBR in the AUXILIARY STATUS register, and 
then writinlllreading)the data to (from) the DATA reqister. 

0 1 BURST MODE selects a demand-mode DMA interface. In this mode, 
the DRO- signal will be active as long as there is data/space 
in the internal FIFO to allow the transfer to continue. The DMA controller 
responds by asserting DACK- and RE-/wE- as long as DRO-
is active. 

1 0 WD-BUS MODE is selected when the 33C92A is connected to a WD 
Bus. This mode also can be called Direct Buffer Access (DBA) mode. In 
this mode, the 33C92A acts as a bus master, and all data access signals 
reverse their direction: The DRO- output signal becomes the ORO input, 
which enables the 33C92A to drive the buffer bus control signals. The 
DACK- output signal becomes the RCS- input, which is asserted as a 
chip select for the buffer. The RE- and WE- inputs become outputs which 
drive the read and write functions of the RAM buffer. As long as the 
ORO signal is asserted, transfers will continue in a burst manner, until 
the transfer is complete or the decides to pause the transfer by negating 
the ORO signal; one more transfer may occur after this transition, and 
then the DACK-, RE-, and WE- signals are negated. 

0 0 DMA MODE is selected when the 33C92A is to be used with a DMA con-
troller in single-byte transfer mode. In this mode, DRO- is asserted and 
then negated, and the DMA controller responds by asserting DACK-
and WE- or RE-, for each data byte transferred to/from the 33C92A. 

TABLE 6-1. DMA MODE SELECTED 

6.2.5 limeout Period Register Where: 

The TIMEOUT PERIOD register is an 8-bit 
register containinga preset value which deter
mines the timeout period for Select and 
Reselect commands. This value may be calcu
lated as a function of the input clock frequency 
and the desired timeout period, as shown in the 
following equation: 

register value = Tper * Ficlkl80 

Tper = the desired timeout period in milliseconds 

Ficlk = the input clock frequency at the MCK pin in 
Megahertz (with no divisor applied). 

The constant '80' scales the units of the equation, 
as is based on the internal timeout cycle time. 
The user should round the resulting 'register 
value' up to the next integral value to ensure that 
the user's minimum timeout requirement is met. 
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The timeout period specifies how long the 
33C92A will wait for a response (indicated by 
assertion of the BSY- signal) after it has begun 
the selection phase (assert SEL- and negate 
BSY-) before terminating the command. The 
timeout function can be disabled by loading the 
TIMEOUT PERIOD register with zero. 

The following twelve registers are used exclusive
ly by the Translate Address and/or "combination" 
commands. The function of each register is deter
mined by the type of command issued. 

6.2.6 Total Sectors Register/COB 1st Byte 

Translate Address: 
The TOTAL SECTORS register should be set 
to the-total number of sectors per track prior to 
issuing a Translate Address command. 

Select-and-Transfer: 
This register should be loaded with the first 
byte of the COMMAND DESCRIPTOR 
BLOCK before issuing a Select-and-Transfer 
command. 

Wait-for-Select-and-Receive: 
The 33C92A will store the first byte of the 
received COB in this register. 

6.2.7 Total Heads Register/COB 2nd Byte 

Translate Address: 
This register holds the total number of 
heads during a Translate Address command. 

Select-and-Transfer: 
This register should be loaded with the 
second byte of the COB before issuing a 
Select-and-Transfer command. 

Wait-for-Select-and-Receive: 
The 33C92A will store the second byte of the 
received COB in this register. 

6.2.8 Total Cylinders Register/COB 3rd and 
4th Bytes 

Translate Address: 
This is a 16-bit register which holds the 
total number of cylinders. 

WD33C92A 

Select-and-Transfer: 
This register should be loaded with the 
third and fourth bytes of the COB before issu
ing a Select-and-Transfer command. 

Wait-for-Select-and-Receive: 
The 33C92A will store the third and fourth 
bytes of the received COB in this register. 

6.2.9 Logical Address Register/COB 5th-8th 
Bytes 

Translate Address: 
The LOGICAL ADDRESS register is a 32-bit 
register which should be loaded with the logi
cal address to be translated prior to issuing 
the Translate Address command. 

Select-and-Transfer: 
For six byte COBs, only the first two bytes of 
this register are loaded with the fifth and sixth 
bytes of the COB. For ten and twelve byte 
COBs, this register is loaded with the fifth, 
sixth, seventh, and eighth bytes of the COB. 

Wait-for-Select-and-Receive: 
The 33C92A will store the fifth, sixth, seventh 
(if any), and eighth (if any) bytes of the 
received COB in this register. 

6.2.10 Sector Number Register/COB 9th Byte 

Translate Address: 
This register will contain the resulting sector 
number following a Translate Address com
mand. 

Select-and-Transfer: 
This register should be loaded with the 
ninth byte of a ten or twelve byte COB before 
issuing a Select-and-Transfer command. 

Wait-for-Select-and-Receive: 
The 33C92A will store the ninth byte of a ten 
or twelve byte received COB in this register. 

6.2.11 Head Number Register/COB 10th Byte 

Translate Address: 
The HEAD NUMBER register contains the 
resulting head number following a Translate 
Address command. If automatic compensation 
for spare sectors on a disk is to be performed 
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by the WD33C92A, then the number of spare 
sectors per cylinder must be written into this 
register before issuing the Translate Address 
command. It should be noted that when 
compensation is used, the maximum number 
of cylinders allowed is 4096, and the maxi
mum number of heads is 15. An initial value of 
zero in this register indicates that no compen
sation is to be performed. 

Select-and-Transfer: 
This register should be loaded with the 
tenth byte of a ten or twelve byte CDB before 
issuing a Select- and-Transfer command. 

Wait-for-Select-and-Receive: 
The 33C92A will store the tenth byte of a ten 
or twelve byte received CDB in this register. 

6.2.12 Cylinder Number Register/COB 11th 
and 12th Bytes 

Translate Address: 
The CYLINDER NUMBER register is a 16-bit 
register which contains the resulting cylinder 
number following execution of the Translate 
Address command. When a Translate Ad
dress command involving automatic compen
sation for spare sectors is issued (Le. the 
HEAD NUMBER register initially contains a 
nonzero value), then this register must be 
loaded with total number of sectors per 
cylinder (total sectors/track· total heads - total 
spare sectors/cyl) before issuing the com
mand. 

Select-and-Transfer: 
This register should be loaded with the 
eleventh and twelfth bytes of a twelve byte 
CDB before issuing aSelect-and-Transfer com
mand. 

Wait-for-Select-and-Receive: 
The 33C92A will store the eleventh and twelfth 
bytes of a twelve byte received CDB in this 
register. 

Send-Status-and-Command-Complete: 
The CDB11 register is used to specify the 
returned status byte to be sent during a Send
Status-and-Command-Complete command. 
The CDB12 register is used to determine the 
type of Command-Complete message sent by 
the 33C92A. If bit 0 of the CDB12 register is 
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set to one, then a linked Command Complete 
message will be sent during command execu
tion. In this case, bit 1 of the CDB 12 register is 
used as a FLAG bit to determine whether a OA 
hex (FLAG=O) or a OB hex (FLAG=1) Linked 
Command Complete message is sent. If bit 0 
is zero, then a simple Command Complete 
message (00 hex) is sent. 

6.2.13 Target lun Register 

The TARGET LUN register is used to hold both 
the Logical Unit Number (LUN) and Target status 
information during various 33C92A commands 
and sequences. During a Select-and-Transfer or 
Reselect-and-Transfer command, the contents of 
this register (along with the SOURCE ID register) 
are used to generate and check the IDENTIFY 
messages which are transferred across the SCSI 
bus. In addition, the TARGET LUN register is 
used to hold the Target Status byte received 
during a Select-and-Transfer command. 

During Wait-for-Select-and-Receive commands, 
this register may hold the image of the Identify 
message received from the Initiator. If the TLV bit 
is zero, there was no Identify message 
received. If the TLV bit is one, then a valid Identify 
message was received. The DOK bit will then in
dicate whether of not the Initiator has enabled dis
connects. 

During Reselect-and-Transfer commands, this 
register is used to set the LUN to be used in the 
Identify message sent to the Initiator after Selec
tion phase. The TLV and DOK bits are not 
used. 

In advanced mode, during Select-and-Transfer 
commands, this register is used to handle 
reselection by an unexpected Target. In this 
mode, this register will hold the logical unit num
ber of the reselecting target. The TLV and DOK 
bits will be set to zero. 

Bit 0-2 Tlx-Target lUN 

The Target Logical Unit Numbers bits 0-2. 
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Bit 3-5 Not Used 

Not used bits are zero. 

Bit 6 DOK-Disconnects OK 

Disconnects permitted. 

Bit 7 TLV-TARGET LUN Valid 

TARGET LUN Valid. 

6.2.14 Command Phase Register 

The COMMAND PHASE register is used during 
combination commands to indicate which phases 
of these multi-phase commands have been com
pleted. Thus, if the command has terminated 
abnormally, the processor can read this register to 
determine the cause of the termination and how to 
respond to it. This register is also used to resume 
combination commands by loading this 
register with a value that indicates the next 
desired or expected bus phase, and reissuing the 
command. Refer to the description of the specific 
commands for details regarding the various com
mand phases and resume values. 

Bit 0-6 CPx-COMMAND PHASE bitsO-6 

Bit 7 Not Used. 
Not used bits are zero. 

6.2.15 Synchronous Transfer Register 

The SYNCHRONOUS TRANSFER register is 
used to select between synchronous and 
asynchronous transfers, and is also used to 
define the maximum transfer rate. For information 
phases other than a "data" transfer phase, or 
when the selected offset is zero 
(OF3=OF2=OF1 =OFO=O), asynchronous trans
fers will occur. Values greater than zero define a 
synchronous transfer mode and the offset is 
determined as shown below. This offset deter
mines the effective FIFO depth for synchronous 
data transfers, and is typically determined by 
negotiation with the other SCSI device (as defined 
in the SCSI standard). The Transfer Period control 
bits select the minimum transfer period for both 
synchronous and asynchronous SCSI transfers 
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and, if WD-Bus mode is used, the transfer period 
and the width of the RE-/WE- strobes for host 
transfers. The period is defined in terms of the 
internal clock cycle time; the frequency of this 
clock is determined by the divisor selected in the 
OWN 10 register. 

Bit 0-3 OFx-OFFSET bit 0-3 

3 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 

OFFSET bits 0-3 are used to select 
the desired offset according to the 
following: 

2 1 0 SELECTED OFFSET 
0 0 0 0(= Asynchronous data 
0 0 1 1 phase transfers} 
0 1 0 2 
0 1 1 3 
1 0 0 4 
1 0 1 5 
1 1 0 6 
1 1 1 7 
0 0 0 8 
0 0 1 9 
0 1 0 10 
0 1 1 11 
1 0 0 12 
1 0 1 Undefined 
1 1 x Undefined 

Bit 4-6 TPx-TRANSFER PERIOD bits 0-3 

6 

0 
0 
0 
1 
1 
1 
1 

The TRANSFER PERIOD bits are used to 
select the desired transfer period 
according to the following table: 

5 4 SCSI/Bus (SCSI REQ/ACK" 
Transfer Period & Bus RE-/WE-

0 x 8 cycles 4 cycles 
1 0 2 cycles 1 cycles 
1 1 3 cycles 1 cycles 
0 0 4 cycles 2 cycles 
0 1 5 cycles 3 cycles 
1 0 6 cycles 4 cycles 
1 1 7 cycles 4 cycles 

"synchronous pulse width & pulse width 
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The 'cycle' referred to above is the period of the 
internal data transfer clock after the divisor 
chosen in the OWN 10 register is applied. This 
period is calculated by the following formula: 

cycle = divisor (from OWN ID)(nsec) / 2' input clock frequency 
(MHz) 

Bit 7 Not Used. 

Not used bits are zero. 

6.2.16 Transfer Count Register 

The TRANSFER COUNT register is a 24-bit 
register containing a preset value for the internal 
transfer counter. This preset value is loaded into 
the internal transfer counter when a Send, 
Receive, or Transfer command is issued. This 
counter is used to define command completion by 
decrementing as each data byte is transferred 
over the SCSI bus and causing a "successful 
completion" interrupt when the counter reaches 
zero. In Combination commands, this register 
specifies the number of bytes to be transferred 
during a Data phase. 

The counter function can be disabled by loading 
the TRANSFER COUNT register with zeros prior 
to issuing a command or by setting the SINGLE
BYTE TRANSFER bit in the COMMAND register 
concurrent with issuing the command. If the 
counter is disabled, the Send, Receive, or Trans
fer command will be completed when a single 
byte has been transferred. 

After the completion of any successful transfer, 
the TRANSFER COUNT register will be zero. 
This includes commands issued in Single Byte 
Transfer mode. 

When a transfer is interrupted by a halt on error 
condition, a SCSI bus phase change, or an abort, 
the TRANSFER COUNT register will contain the 
number of bytes NOT successfully transferred 
to/from the SCSI bus, including clearing the inter
nal FIFO of any bytes left in the FIFO (see DATA 
register). This FIFO clearing process may cause 
the TRANSFER COUNT register to differ with the 
user's DMA controller count, because some bytes 
may have been transferred into the FIFO, but not 
to the SCSI bus; therefore, the TRANSFER 
COUNT should be used to determine the actual 
number of bytes transferred to/from the SCSI bus. 
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6.2.17 Destination 10 Register 

The DESTINATION 10 register contains the en
coded SCSI bus 10 of the device which is to be 
selected or reselected when a Reselect or Select 
command is issued. This register also contains 
control bits that affect the operation of certain 
combination commands. 

Is~c 10:0 1 ~ 1 ~ 1 ~ ID~2 /0:1 /D~O 
Bit 0-2 Dlx-DESTINATION 10 bits 0-2 

DESTINATION 10 bits 0-2. 

Bit 3-5 Not Used. 

Not used bits are zero. 

Bit 6 DPD-DATA PHASE DIRECTION, 

DATA PHASE DIRECTION, when ad
vanced features are enabled (see 7.3), is 
used to specify the expected direction of 
the SCSI data phase, when it occurs. This 
allows the 33C92A to verify the direction 
during Select-and-Transfer commands 
before beginning the transfer. When this 
bit is zero, the expected direction is out (to 
the Target). When this bit is one, the ex
pected direction is in (from the Target). An 
unexpected information phase error will 
occur if the direction does not match the 
setting of this bit. 

Bit 7 SCC-SELECT COMMAND CHAIN 

SELECT COMMAND CHAIN is used only 
when the Reselect-and-Transfer com
mand is issued with EDI=1. This bit 
selects which command is chained to 
when the data transfer is completed. 
When this bit is zero, aSend-Status-and
Command-Complete command begins ex
ecuting. When this bit is one, a Send-Dis
connect-Message command begins ex
ecuting. 

6.2.18 Source 10 Register 

The SOURCE 10 register is used to report the 
SCSI bus 10 of the device that has selected or 
reselected the 33C92A. It also contains bits that 
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enable and control response to selection and 
reselection. 

IE~ IE~ ID~P I ~ Is~v Is~ Is~ Is~ 
Bit 7 ER-ENABLE RES ELECTION 

ENABLE RES ELECTION, when set to 
one, enables the 33C92A to respond to a 
reselection by another device on the SCSI 
bus. When this bit is zero, any reselection 
is ignored. 

Bit 6 ES-ENABLE SELECTION 

ENABLE SELECTION, when set to one, 
enables the 33C92A to respond to a 
selection by another device on the SCSI 
bus. When this bit is zero, any selection is 
ignored. 

Bit 5 DSP-DISABLE SELECT PARITY 

DISABLE SELECT PARITY, when set to 
one, causes the 33C92A to ignore the bus 
parity when responding to selection or 
reselection. When this bit is zero, any 
selection or reselection with a parity error 
is ignored. 

Bit 4 Not Used. 

Not used bits are zero. 

Bit 3 SIV-SOURCE 10 VALID 

SOURCE ID VALID is set to one after the 
33C92A is selected or reselected if the 
other SCSI bus device asserted its own 
bus ID bit (in addition to the bus ID bit of 
the 33C92A) during the selectlreselect 
phase. This bit is zero if only the bus ID bit 
of the 33C92A was asserted. 

Bit 2-0 SIx-SOURCE 10 Bits 2-0 

SOURCE ID Bits 2-0 are valid only if the 
SIV bit is set to one. These bits indicate 
the SCSI bus ID of the device that 
selected or reselected the 33C92A. 
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6.2.19 SCSI Status RElgister 

The SCSI STATUS register is a read-only register 
which indicates the cause of the most recent 
INTRO assertion. INTRO is asserted whenever a 
condition occurs within the 33C92A that requires 
intervention by the host; for example: 

• the 33C92A has been reset; 

• the command completed successfully; 

• the bus phase changed; 

• an error occurred. 

Once INTRO has been asserted, the contents of 
this register will not change until after the SCSI 
STATUS register has been read or until the .. 
33C92A has been reset. _ 

Bit 0-3 SSx-SCSI STATUS bits 0-3 

SCSI STATUS bits 0-3 are status 
qualifiers whose meaning depends upon 
which upper (4-7) status bit is set. 

Bit 4-7 SSx-SCSI STATUS bits 4-7 

SCSI STATUS bits 4-7 define the type of 
interrupt that occurred. The possible 
codes are defined in the following table: 

STATUS CODE GROUP MEANING 

0000 xxxx The 33C92A is in a reset state. 

0001 xxxx A 33C92A command has completed 
successfull~. 

0010 xxxx A 33C92A command has paused or 
was aborted by an Abort command. 

0100 xxx x A 33C92A command has been ter-
minated prematurely due to an error 
or other unexpected condition. 

1000 xxxx An event on the SCSI bus requires 
service. 

All other Status Code groups are currently not 
used and are reserved for future use. 

In the following tables, the 'STATE' column indi
cates the current state in which the Status Code 
can occur. Also, the MCI field refers to the signals 
that define a SCSI bus information transfer phase: 
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MSG, C/D, and 110. A bit set to one indicates 
that the signal is asserted on the SCSI bus. A 
zero indicates negation. Whenever one of these 
Status Codes occurs, the REO signal is asserted 
on the SCSI bus. The following table summarizes 
the meaning of the MCI field: 

MCICODE MEANING 
000 Data Out phase 
001 Data In phase 
010 Command phase 

011 Status phase 
100 Unspecified Info Out phase 
101 Unspecified Info In phase 
110 Message Out phase 
111 Messaae In phase 

STATUS CODE STATE SPECIFIC MEANING 

33C92A REGISTERS 

0000 0000 DTI 33C92 Reset. The device has been reset, or a Reset command 
has executed successfully with no advanced features enabled. 
The new state of the 33C92A is disconnected. 

0000 0001 DTI 33C92A Reset. The device has successfully completed a Reset 
command with advance features enabled. The new state of the 
33C92A is disconnected. 

TABLE 6-2. RESET STATE INTERRUPTS 
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STATUS CODE STATE SPECIFIC MEANING 
0001 0000 D A Reselect command completed successfully. The new state of the 

33C92A is connected as a TarQet. 
0001 0001 D A Select command completed successfully. The new state of the 

33C92A is connected as an Initiator. 

0001 0010 - Reserved for future use. 
0001 0011 DT A Receive, Send, Reselect-and-Transfer, Wait-for-Select-and-

Receive, Send-Status-and-Command-Complete, or a Send-Discon-
nect-Message command completed successfully (ATN 
is not asserted). 

0001 0100 DT A Receive, Send, Reselect-and-Transfer, Wait-for-Select-and-
Receive, Send-Status-and-Command-Complete, or a Send-Discon-
nect-Message command completed successfully (ATN 
is asserted). 

0001 0101 DT A Translate Address command completed successfully. 

0001 0110 DI A Select-and-Transfer command completed successfully. 

0001 0111 - Reserved for future use. II 
00011MCI I A Transfer (non-MESSAGE IN phase) command completed suc-

cessfully. MCI defines the new information type (SCSI bus phase) 
beinQ requested. 

TABLE 6-3. SUCCESSFUL COMPLETION INTERRUPTS 
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STATUS CODE STATE SPECIFIC MEANING 
00100000 I A Transfer Info (MESSAGE-IN phase) command has paused with 

ACK asserted. This allows the host to examine the message before 
acceptinQ it. 

00100001 I A Save-Data-Pointer message was received during a Select-and-
Transfer command. The host should save its current data buffer 
pointer. 

00100010 D A Select or Reselect command was aborted. 

00100011 T A Receive or Send command was halted by an error or was 
aborted (ATN is not asserted). 

00100100 T A Receive or Send command was halted by an error, assertion of 
ATN, or was aborted (ATN is asserted). 

00100101 D Reserved for future use. 

00100110 - Reserved for future use. 
00100111 D The 33C92A has been reselected during a Select-and-Transfer 

(with IDI=O) by a Target that does not match the SCSI bus ID 
loaded into the DESTINATION ID register, or the following Identify 
message did not match the LUN loaded into the TARGET LUN 
register. ACK has been left asserted following the Identify mes-
sage, and the bus ID and LUN of the reselecting Target are avail-
able in the SOURCE ID and TARGET LUN registers. (Advanced 
Mode only) 

00101MCI I A Transfer command was aborted. MCI define the new information 
type (SCSI bus phase) being requested. 

TABLE 6-4. PAUSED OR ABORTED INTERRUPTS 
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STATUS CODE STATE SPECIFIC MEANING 

01000000 OTI An invalid command was issued. 

01000001 I An unexpected disconnect (SCSI bus free) by the Target caused a 
command to terminate. The new state of the 33C92A is discon-
nected. 

01000010 0 A timeout occurred during a Select or Reselect command. The 
state of the 33C92A is disconnected. 

01000011 TI A parity error caused a command to terminate ATN is not as-
serted). The transfer direction determines whether it is a SCSI or 
host parity error. 

01000100 TI A parity error caused a command to terminate (ATN is asserted). 
The transfer direction determines whether it is a SCSI or host 
parity error. 

01000101 OT The Logical Address exceeded the disk boundaries. 

01000110 0 A Target whose SCSI bus device 10 does not match the bus 10 set 
in the DESTINATION 10 register has reselected the 33C92A 
during a Select-and-Transfer command (with 101=0). This interrupt 
occurs when the 33C92A is not in Advanced Mode. The new state 
of the 33C92A is connected as an Initiator. 

01000111 I A status byte with bad parity was received during a Select-and-
Transfer command. ACK is asserted. 

01001MCI I An unexpected information phase was requested. MCI define the 
SCSI bus phase which is requested.This is typically caused 
by a phase change before the Transfer Counthas reached zero, or 
an unexpected phase sequence occurred during a Select-and-
Transfer command. 

TABLE 6-5. TERMINATED INTERRUPTS 
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STATUS CODE STATE SPECIFIC MEANING 
10000000 0 The 33C92A has been reselected. The new state of the 33C92A is 

connected as an Initiator. No Identlfy message transfer has yet oc-
curred. 

10000001 0 The 33C92A has been res elected in Advanced Mode. The SCSI 
bus 10 of the Target may be read from the SOURCE 10 register. 
The Identify message from the Target may be read from the DATA 
register. The ACK signal is left asserted. The new state of the 
33C92A is connected as an Initiator. 

10000010 0 The 33C92A has been selected (no ATN assertion). The new state 
of the 33C92A is connected as a Target. 

10000011 0 The 33C92A has been selected (ATN was asserted). The new 
state of the 33C92A is connected as a Taraet. 

10000100 T The ATN sianal has been asserted. 

10000101 I A disconnect has occurred. The new state of the 33C92A is discon-
nected. 

10000110 - Reserved for future use. 

10000111 T The Wait-for-Select-and-Receive command has paused because 
the first byte of the incoming COB is not a known command group. 
The OWN 10 register must be loaded with the COB length,and the 
command resumed. The COB1 register may be examined to deter-
mine the SCSI command group from the opcode. The new state of 
the 33C92A is connected as a Target. (Advanced Mode only) 

10001MCI I The REQ signal has been asserted following connection or when 
the 33C92A is in the Initiator state and no command is executing. 
The information phase type should be examined. MCI define the 
information phase (SCSI bus phase) which is being requested. 

TABLE 6-6. SERVICE REQUIRED INTERRUPTS 

22-22 11/19/91 



33C92A REGISTERS 

6.2.20 Command Register 

The COMMAND register is used to issue the 
33C92A commands. This register should never be 
loaded when the CIP or INT bits (in AUXILIARY 
STATUS) are set to one, and a Level II command 
should never be loaded when the BSY bit is set to 
one. 

The SINGLE-BYTE TRANSFER (SBT) bit in the 
COMMAND register is only used during informa
tion transfer type commands. When this bit is set 
in conjunction with one of these commands, the 
transfer counter is disabled and exactly one byte 
is to be transferred, regardless of the value in the 
TRANSFER COUNT register. The previous con
tents of the TRANSFER COUNT register are not 
preserved. 

Refer to the COMMANDS section for a descrip
tion of the commands and their corresponding 
command codes. 

Bit 0-6 CCx-COMMAND CODE bits 0-6 

COMMAND CODE bits 0-6. 

Bit 7 SBT-SINGlE-BYTE TRANSFER 

SINGLE-BYTE TRANSFER bit. 

6.2.21 Data Register 

The DATA register is used to transfer data bytes 
between the host and the SCSI bus during the 
SCSI information transfer phases (command, 
data, status, or message phase). It may be ac
cessed by the processor during any type of infor
mation phase (simple Level II commands) or via 
the DMA/WD interface during a SCSI Data In 
phase or Data Out phase (simple and combina
tion Level II commands). 

The DATA register is actually a port for the host 
interface into the internal twelve byte FIFO of the 
33C92A. The FIFO is used for all transfers 
(synchronous and asynchronous) between the 
SCSI bus and the host bus, for both DMA and 
processor access transfers. If the 33C92A is to be 
halted for any reason (through ABORT, for ex
ample), then data transfers with this FIFO must 
continue until an interrupt occurs. This must be 
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done so that the FIFO is returned to a ready state 
for subsequent transfers, and to flush incoming 
data to the host bus. 

The DATA register is accessed by the processor 
during a data phase when the CONTROL register 
DMA mode select bits are all reset (=0), and when 
the DBR bit in the AUXILIARY STATUS register 
is true. The processor writes (reads) the DATA 
register by loading the ADDRESS register with a 
hex value of 19 and asserting the WE- (RE-) and 
CS- pins. This access also occurs during non
data phases. 

When the CONTROL register DMA mode select 
bits are set for DMA mode or BURST mode, the 
DMA interface is enabled. In this case, the DATA 
register is written (read) when the DACK- and II 
WE-(RE-) pins are asserted in response to the 
assertion by the 33C92A of the DRO- pin. 

When the WD BUS is selected by the DMA mode 
select bits, the RCS- pin functions as an external 
buffer chip select and the WE- and RE- pins be
come outputs, allowing the 33C92A to automat
ically transfer data between its DATA register and 
the external buffer. In this mode, bus control can 
be returned to the external processor or any other 
device by negating the ORO pin. 
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6.3 RESET CONDITIONS 

6.3.1 Hardware Reset 
The following results occur when the 33C92A is 
reset by the assertion of the MR- signal: 

o The AUXILIARY STATUS register is reset to 
zero. The INT bit (and the INTRQ pin) is set to 
one when the hardware reset completes. 

o The OWN 10 register is reset to zero. 

o Advanced mode is disabled. 

o The ES, ER, and DSP bits in the SOURCE 10 
register are reset to zero. 

o The SCSI STATUS register is reset to zero. 

o The internal FIFO, internal transfer counter (not 
the host accessible register), offsets, and state 
machines are cleared. 

o The internal clock divider circuit is set to divide 
by two. 

o The following host accessible registers are 
NOT affected by the MR- signal: 

- Registers 01 hex through 15 hex; 
- SOURCE 10 (16 hex) registerbits 0-3; 
- COMMAND register (18 hex); 

The SCSI Soft Reset may be implemented by 
using the SCSI bus reset signal to cause a reset 
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of the 33C92A (for example, OR the host power 
on reset signal with the received SCSI bus reset 
(RST) signal). The host may examine the 
registers that are not affected by the MR- signal to 
recover from the SCSI reset condition. 

6.3.2 Software Reset 
The following results occur when the 33C92A ex
ecutes the Reset command: 
o The DBR bit in the AUXILIARY STATUS 

register is reset to zero. The INT bit (and 
INTRQ pin) is set to one when the Reset 
command is complete. 

o All SCSI bus signals are reset to the negated 
state. 

o The internal FIFO, internal transfer counter (not 
the host accessible register), offsets, and state 
machines are cleared. 

o The OWN 10 register is interpreted and the 
clock divisor, host parity, and advanced mode 
are configured. 

o Registers 01 hex through 16 hex are reset to 
zero. The COMMAND register (18 hex) is also 
reset to zero. 

o The SCSI STATUS register is set as 
commanded by the EAF bit in the OWN 10 
register. 
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7.0 COMMANDS 
7.1 COMMAND LIST 

COMMAND 
CODE (HEX) COMMAND 
00 Reset 

01 Abort 
02 AssertATN 

03 NeqateACK 

04 Disconnect 

05 Reselect 

06 Select-with-ATN 

07 Select -without -A TN 

08 Select-with-ATN-and-Transfer 

09 Select-without-ATN-and-Transfer 

OA Reselect-and-Receive-Data 

OB Reselect-and-Send-Data 

OC Wait-for-Select-and-Receive 
OD Send-Status-and-Command-Complete 

OE Send-Disconnect-Message 

OF Set IDI 

10 Receive Command 
11 Receive Data 
12 Receive Messaqe Out 

13 Receive Unspecified Info Out 

14 Send Status 
15 Send Data 
16 Send Message In 

17 Send Unspecified Info In 

18 Translate Address 

20 Transfer Info 

33C92A States: 
D = Disconnected 
T = Connected as a Target 
I = Connected as an Initiator 

Command Levels: 
I = Levell command 
1\ = Level 1\ command 
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VALID 
STATES LEVEL 

D,T,I I 

D,T 

I 

I 
T,I 

D 

D 
D 
D,I 

D,I 

D,T II 
DT 
D,T 

T 

T 
D,T,I 

T 
T 

T 

T I 

T 

T 
T 

T 
D,T 

I 

22-25 



WD33C92A 

7.2 33C92A COMMAND TYPES 

There are two basic types of 33C92A commands: 
Level I and Level II. Level I commands may be 
issued while a Level II command is in progress 
(indicated by an AUXILIARY STATUS of 
BSY=1,CIP=0) and, except for the "Abort" and 
"Reset" commands, do not generate an interrupt 
upon their completion. Level II command execu
tion will always result in an interrupt. If a Level II 
command is issued while another Level II com
mand is executing, unpredictable results may 
occur. 

There are two types of Level II commands. 
'Simple' Level II commands are associated wit~ a 
single operation or phase (for example, selectIon 
or information transfer). 'Combination' Level II 
commands combine multiple phases into a single 
33C92A command to minimize interrupt overhead. 
The Initiator combination commands 'expect' cer
tain SCSI bus phases at certain times during 
a sequence. These expected phases are based 
on common sequences performed by a Target on 
the SCSI bus; any deviation causes an inter~upt. 
Target combination commands can be chained 
together to further minimize interrupt overhead by 
creating longer phase sequences. 

NOTE: When using command chaining, care 
must be taken to ensure that all commands in the 
chain are initialized prior to issuing the command. 

The 33C92A will be in one of three "states" during 
operation: Disconnected, Connected as a Target, 
or Connected as an Initiator. Certain commands 
are valid only in particular states as indicated in 
the COMMAND LIST. An attempt to issue a 
Level II command which is invalid for the present 
33C92A state will cause an "invalid command" in- .. 
terrupt. Level I commands issued in invalid states 
will be ignored. 

7.3 ADVANCED MODE FEATURES 

The 33C92A has several new features included 
which add new functions to the original 33C92 
design. Some of these features cause the 
33C92A to be incompatible with the 33C92. 
These features have been grouped together 
under the heading of 'Advanced Mode' features. 
These features are disabled when the 
33C92A is reset by the MR- Signal (hardware 
reset). They must be enabled by the host by issu
ing the 'Reset' command with tI'le 'Enable Ad-
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vanced Features' (EAF) bit set in the OWN ID 
register. The host can determine if advanced fea
tures have been enabled (thereby implying that a 
33C92A is installed) by examining the SCSI 
STATUS register after issuing the 'Reset' com
mand. 

The features enabled by this bit are described in 
the subsections below. 

7.3.1 Unexpected Reselection 

When in normal (33C92) mode, a reselection 
when idle (ER=1) or when disconnected during a 
Select-and-Transfer command (and the Target 
bus ID does not match the DESTINATION ID 
register) causes an immediate interrupt after 
the reselection handshake is complete. In Ad
vanced Mode, the 33C92A will continue to the 
Message In phase to fetch the Identify mess~ge. 
If the 33C92A was idle, the SCSI STATUS register 
will be set to 81 hex, and the Identify message will 
be in the DATA register. If the 33C92A was ex
ecuting a Select-and-Transfer command, the 
SCSI STATUS register will be set to 27 hex, and 
the Identify message will be in the TARGET ~UN 
register. In either case, the SOURCE ID register 
will contain the SCSI bus ID of the reselecting 
Target, and the ACK signal remains asserted so 
that the Identify message may be rEjected. 

7.3.2 Unknown SCSI Command Groups 

When a SCSI Command Descriptor Block is 
transferred on the SCSI bus, the command length 
in bytes is determined by the group code, which is 
found in bits 7-5 of the first command byte, or 
opcode. Group 0 (opcodes 00 to 1 F hex), group 1 
(opcodes 20 to 3F hex), and group 5 (opcodes AO 
to BF hex) commands are defined by the SCSI 
standard (X3.131-1986) as six; ten, and twelve 
byte commands, respectively. All other command 
groups are undefined by that standard. In normal 
mode, the 33C92A will assume that these un
defined groups are six byte commands when ex
ecuting Select-and-Transfer or Wait-for-Select
and-Receive commands. In Advanced Mode, the 
following events will occur: 

Select-and-Transfer: 
When loading the CDB into the CDB 
registers prior to issuing the command, the 
host also loads the expected command length 
into the OWN ID register. The 33C92A uses 
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this value to make sure the correct number of 
bytes are then transferred in the command 
phase. 

Wait-for-Select-and-Receive 
When receiving the CDB from the Initiator, the 
33C92A will check the first CDB byte as soon 
as it is received. If the group is undefined, an 
interrupt will occur so that the host can ex
amine the first command byte in the CDB 1 ST 
register, and then load the TOTAL command 
length into the OWN ID register. The SCSI 
STATUS register is set to 87 hex, and the 
COMMAND PHASE register is set to 31 hex, 
when this interrupt occurs. After the interrupt, 
the 33C92A will only accept a Resume Wait
for-Select-and-Receive command, Abort, Dis
connect, or Reset command. All other com
mands are invalid; during the interrupt process
ing, the 33C92A will continue to transfer the 
first six bytes of the command into its internal 
FIFO. 

7.3.3 Data Phase Direction 

During a Select-and-Transfer command in normal 
mode, the Data phase direction is determined 
solely by the Target; if this direction does not 
match the direction expected by the host, the 
33C92A will not detect this error but expects that 
the transfer will continue. In Advanced Mode the 
DPD bit in the DESTINATION ID register is ~om
pared with the state of the I/O signal on the SCSI 
bus. If the expected and actual directions do not 
match, an interrupt will occur with 'unexpected 
phase' status in the SCSI STATUS register. 

7.4 LEVEL I COMMANDS 

7.4.1 Reset (00 hex) 

The Reset command performs a similar function 
to the hardware reset caused by asserting the 
MR- pin except that the OWN ID register is 
sampled for information concerning the 
operating configuration of the 33C92A. The 
33C92A is also initialized as described in the 
RESET CONDITIONS section. The Reset com
mand may be executed in any 33C92A state and 
will force the 33C92A into the Disconnected state 
aborting any previously issued .command i~ 
progress. Upon completion of the Reset com-
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mand, an interrupt is generated the SCSI 
STATUS will be 00 hex or 01 hex, depending on 
the contents of the OWN ID register. 

7.4.2 Abort (01 Hex) 

The Abort command is valid in the Disconnected 
and Connected-as-Target states. The Abort com
mand has different effects depending on the state 
and the. command that is currently executing, 
as described below: 

Disconnected State 
In the Disconnected state, the Abort command 
may be used to halt an attempted Select, 
Select-and-Transfer, Reselect, or Reselect
and-Transfer command. If the Abort command 
is.issued following a Select or Reselect com- .. 
mand and the WD33C92A has won arbitra- _ 
tion, the WD33C92A releases the SCSI bus 
by removing the Bus 10 bits while SEL- is as-
serted and checking for a negated BSY- sig-
nal. If, after at least 200 us, there is no BSY-
response, the WD33C92A goes to a Bus Free 
condition, and a "paused/aborted" interrupt is 
generated. If there is a response within this 
time period, then a "successful completion" in-
terrupt will result instead. If the WD33C92A 
has not yet won arbitration, it will immediately 
abort the Select or Reselect command. The 
abort command will also terminate a Wait
for-Select-and-Receive command, if selection 
has not already begun. Once selected, the 
WD33C92A will ignore any abort attempts, 
and the command will finish normally. 

Target State 
When the WD33C92A is in a Connected-as-a
Target state, the Abort command may be used 
to abort Receive, Send, or the data phase por
tion of a Target combination command. 
When issuing an Abort in the Connected-as-a
Target state, the following rules apply: 

1. When a Abort command is issued to abort 
a Send or Reselect-and-Send command, 
the local processor must not service any 
data request (DBR, DRQ, etc.) from the 
WD33C92A until an interrupt from the 
WD33C92A occurs. This is required to 
allow the FIFO to clear; the Abort process
ing will not complete until the FIFO 
contents are flushed to the SCSI bus. The 
WD33C92A removes the data request at 
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an arbitrary time during the Abort com
mand processing and the data request is 
not valid once the Abort command is writ
ten to the COMMAND register. 

2. When a Abort command is issued to abort 
a Receive or Reselect-and-Receive com
mand, the local processor must CON
TINUE to service any data request (DBR, 
ORO, etc.) from the WD33C92A until an 
interrupt from the WD33C92A occurs. 
This is required to allow the FIFO to clear; 
the Abort processing will not complete 
until the FIFO contents are flushed to the 
local processor. 

After the Abort command is processed and the 
local processorhas received the interrupt indicat
ing this, the TRANSFER COUNT register contains 
the number of bytes that were not successfully 
transferred with the SCSI bus. The WD33C92A 
remains in the Connected-as-a-Target state. The 
WD33C92A is now ready to receive any ap
propriate Target mode command, including a 
resume of the command that was aborted. 

7.4.3 Disconnect (04 hex) 

The Disconnect command may be used in either 
the Target or the Initiator connected states. In the 
Target role, the Disconnect command is the nor
mal procedure for disconnecting from the SCSI 
bus following the information transfer phase. In 
the Initiator role, Disconnect can be used to 
release the bus following a timeout condition. The 
Disconnect command causes the immediate 
release of all bus signals and, in Target mode, 
returns the SCSI bus to the Bus Free phase. If the 
Disconnect command is issued during an active 
Level " command, the Level " command is 
immediately terminated and the 33C92A transi
tions to the Disconnected state. 
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7.4.4 Assert ATN (02 hex) 

The Assert ATN command is only valid when Con
nected as an Initiator. It is normally used to allow 
the Initiator to inform a Target that it has a mes
sage pending (The Target is expected to 
respond by performing a Message Out Phase). 
ATN is automatically negated: 

o before the last byte of a Transfer Info 
command issued in response to the Message 
Out phase; 

o when the Identify message out is transferred to 
the Target during a Select-and-Transfer 
command; 

o when a SCSI Bus Free phase occurs. 
The Select-with-ATN and Select-with-ATN-and
Transfer commands will cause the 33C92A to 
automatically assert ATN prior to the release of 
SEL- providing the bus arbitration is won. 

7.4.5 Negate ACK (03 hex) 

The Negate ACK command causes ACK to be 
negated. It may be used: 

o When Connected as an Initiator following 
Message-In Transfer Info commands. 

o After the 33C92A has detected a parity error on 
any received information and the HALT on 
SCSI PARITY ERROR (HSP) bit is set. 

o After unexpected reselection in advanced 
mode. 

o After a Save-Data-Pointer message is received 
during a Select-and-Transfer command. 

o Host parity errors do not affect the ACK signal. 
For all other Initiator transfers, ACK negation is 
automatic. 

In the case of a Message-In transfer, incoming 
messages may be rejected and the Initiator may 
indicate its intent to send either a "MESSAGE 
REJECT" or a "MESSAGE PARITY ERROR" 
Message by issuing the Assert ATN command 
prior to issuing the Negate ACK command. If the 
incoming message is to be accepted, only the 
Negate ACK command should be issued. 

During non-Message-In transfers, if the Transfer 
command is terminated by a parity error, the As
sert ATN command can again be issued prior to 
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Negate ACK, this time indicating the Initiator's 
intent to send an "INITIATOR DETECTED 
ERROR" Message. 

7.4.6 Set 101 (OF hex) 

The Set 101 command is used in the Initiator role 
to support overlapped SCSI operations. If a SCSI 
command is executing via a Select-and-Transfer 
command, then the Set 101 command may be 
used to set the 101 bit in the CONTROL register, 
which then causes an interrupt to occur upon a 
Target disconnection. This ability allows the 101 bit 
to be left reset when the first SCSI operation 
is started, which may reduce the number of 
33C92A interrupts, yet also allows a second 
operation to be started when needed without 
waiting for the first operation to be completed. 

7.5 SIMPLE LEVEL II COMMANDS 

7.5.1 Select-with-ATN (06 hex) 

Select-with-ATN is valid only in the Disconnected 
state and when issued will cause the 33C92A to 
select a Target. Before issuing this command, the 
SCSI Bus 10 of the Target device should be writ
ten into the DESTINATION 10 register. When the 
Select-with-ATN command is issued, the 33C92A 
begins bus arbitration. If the 33C92A is selected 
or reselected by another device during the arbitra
tion, the Select-with-ATN command is aborted 
and a "service required" interrupt (8x hex) is 
generated. 

Should the 33C92A win the arbitration, SEL- and 
ATN are asserted, the Target and Initiator Bus IDs 
are placed on the SCSI data bus, and then BSY
is deasserted. At this time, a timeout sequence 
whose length is determined by the value in the 
TIMEOUT PERIOD register begins. If BSY- is not 
asserted by the Target before a timeout occurs, 
the 33C92A begins its selection abort sequence 
(as described in the Abort command description), 
and if there is no Target respons~\the Select-with
ATN command is terminated and a "terminated" 
interrupt is generated. If the Target responds 
before the timeout period has elapsed or before 
the selection abort sequence is complete, the 
33C92A negates the SEL-signal, putting the 
33C92A in a Connected-as-an-Initiator state. A 
"successful completion" interrupt indicates that 
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the Select-with-ATN command has been com
pleted successfully. 

If the 33C92A does not win the arbitration or there 
is no response from the Target and the timeout 
feature is disabled, the Select-with-ATN command 
can be aborted with an Abort command. 
When the Abort command is successfully ex
ecuted under these circumstances, the 33C92A is 
disconnected from the bus and a "paused/ 
aborted" interrupt is generated. 

7 .5.2 Select-without-ATN (07 hex) 

The Select-without-ATN command is identical to 
the Select-with-ATN command except that ATN is 
not set during the Selection Phase. 

7.5.3 Reselect (05 hex) 

The Reselect command is identical to the Select
without-ATN command except that the I/O signal 
is asserted upon completion of the Arbitration 
Phase. Successful completion of the Reselect 
command results in the 33C92A being Connected 
as a Target. 

7.5.4 Receive (10-13 hex) 

There are four Receive commands which are dis
tinguished from each other only by the state of 
three SCSI interface signals and the type of data 
that is transferred. These commands, consisting 
of the Receive Command, Receive Data, Receive 
Message Out, and Receive Unspecified Info Out 
commands are valid only in the Connected-as-a
Target state. The type of the Receive command 
selected determines the state of the 110-, C/D-, 
and MSG outputs during the command according 
to the following chart (1 =asserted): 

Receive OP MSG C/O 110 
Command Type Code 

Receive Command 10 0 1 0 
Receive Data 11 0 0 0 
Receive Message Out 12 1 1 0 
Receive Unspecified 13 1 0 0 
Info Out 

The Receive commands are information transfer
ring commands and are therefore dependent on 
the SBT bit in the COMMAND register for deter-
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mination of a successful completion. In addition to 
a termination caused by reset (via either a Reset 
command being issued or assertion of the MR
pin), a Receive command completion or termina
tion will occur under any of these conditions: 

1. The internal transfer counter is disabled 
(SST =1 or the TRANSFER COUNT 
register is loaded with zero) and a single 
byte has been read from the DATA 
register. 

2. The counter has decremented to zero (with 
SST =0) indicating that the specified num
ber of bytes have been transferred. 

3. A parity error has been detected on one of 
the received data bytes (and HSP=1). 

4. The ATN pin is asserted (and HA= 1 ). 

5. The Abort command is issued. 

6. A Disconnect command is issued. 

When the Receive command is completed as a 
result of receiving the correct number of bytes, a 
"successful completion" interrupt will be 
generated. If a parity error has caused termina
tion, a "terminated" interrupt will instead be 
generated. In this case, the TRANSFER COUNT 
register will contain the number of bytes yet to be 
transferred. After any completion or termination of 
the Receive commands except those due to a 
subsequent Disconnect command or reset, the 
33C92A is in the Connected-as-a-Target state. 

As data transfer commands, the Receive com
mands are dependent on the DMA mode select 
bits in the CONTROL register for the DATA 
register accessing mode. These bits determine 
whether the DATA register accesses will be hand
led by the processor or through a DMA/WD inter
face. When the processor is required to read the 
DATA register (Le. DMA mode select bits=O), it 
must monitor the DSR status bit (in AUXILIARY 
STATUS) to determine when a byte is available 
for reading. During Receive commands, this 
status bit will be reset when a byte is read from 
the DATA register and set when a byte is loaded 
into the DATA register via the SCSI interface. 
DSR is also reset when a Receive command is 
issued. 

All information transfers involving other than data 
information are asynchronous. However, if the in
formation phase involves data transfers, the 
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SYNCHRONOUS TRANSFER register will be 
evaluated. In this case, any selected offset other 
than zero results in synchronous transfers. The 
minimum Transfer Period for both types of trans
fers is determined by the transfer period bits 
in this same register. 

7.5.5 Send (14-17 hex) 

As in the case of the Receive commands, there 
are four Send commands which are distinguished 
only by the state of the 1I0-,C/D-, and MSG pins 
and the type of data that is transferred. The 
four Send commands, also valid in the Con
nected-as-a-Target state only, are the Send 
Status, Send Data, Send Message In, and Send 
Unspecified Info In commands. The SCSI pin 
states during the Send commands are determined 
by the particular command as follows (as
serted=1 ): 

Send OP MSG CIO 1/0 
Command Type Code 

Send Status 14 0 1 1 
Send Data 15 0 0 1 
Send Message In 16 1 1 1 
Send Unspecified Info 17 1 0 1 
In 

The Send commands are also information trans
ferring commands and as such are also depend
ent upon the SST bit in the COMMAND 
register for command completion. In addition to 
that caused by reset (via either a Reset command 
being issued or assertion of the MR- pin), a Send 
command completion or termination will occur 
under any of these conditions: 

1. The internal transfer counter is disabled 
(SST =1 or the TRANSFER COUNT 
register is loaded with zero) and a single 
byte has been read from the DATA 
register. 

2. The counter has decremented to zero (with 
SST =0) indicating that the specified num
ber of bytes have been transferred 

3. A parity error has been detected on one of 
the data bytes from the host (and HHP=1). 

4. The ATN pin is asserted (and HA=1). 

5. The Abort command is issued. 
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6. A Disconnect command is issued. The 
33C92A remains Connected-as-a-Target 
following the Send command comple
tion/termination unless the Disconnect 
command or reset was used to force a 
termination. 

During a Send command, DATA register access
ing is controlled by the DMA mode select bits in 
the CONTROL register. When these bits are set 
to the appropriate mode, loading of the DATA 
register is accomplished by a DMA controller or 
through the WO-Bus interface. If the DMA mode 
select bits are zero, the processor must poll the 
AUXILIARY STATUS register and can write to the 
DATA register only when the DATA BUFFER 
READY bit is set (DBR=1). Send commands 
cause the DBR bit to be reset every time the 
processor loads a byte into the DATA register and 
set when a byte is transferred from the DATA 
register onto the SCSI data bus. The DBR bit will 
also be set upon issuing a Send command. 

As in the case of Receive commands, 
synchronous transfers will occur only when data 
transfers are involved and an offset other than 
zero is selected. 

7.5.6 Transfer Info (20 hex) 

The Transfer Info command is valid only when 
Connected as an Initiator and is used to send and 
receive data, command, status, and message in
formation. 

The first REO assertion following connection as 
an Initiator results in a "service required" interrupt. 
The processor should examine the SCSI STATUS 
register to determine the type and direction of in
formation transfer requested by the Target, and 
then issue a Transfer Info command in response. 
While an Initiator, the 33C92A will also generate 
an interrupt each time the Target device requests 
a new type of information transfer phase. 

As in the case of the Send and Receive com
mands, when completion of the Transfer Info com
mand depends upon the internal transfer counter, 
the processor should load the TRANSFER 
COUNT register prior to issuing this command. 
The DMA mode select bits in the CONTROL 
register, the offset and transfer period bits in the 
SYNCHRONOUS TRANSFER register, and the 
SBT bit in the COMMAND register are used 
during Transfer Info commands just as they are 
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during the Send and Receive commands. How
ever, for processor access of the DATA register 
during Transfer Info commands (when the DMA 
mode select bits are zero or the bus phase is 
other than Data phase), behavior of the DATA 
BUFFER READY (DBR) status bit is determined 
by the direction of information transfer as defined 
by the 1/0- pin. When the transfer is from Initiator 
to Target, the DBR bit is reset by writing to the 
DATA register and is set when the byte is trans
ferred from the DATA register onto the SCSI data 
bus. When the transfer is from Target to Initiator, 
DBR is set when a byte is received over the SCSI 
data bus and transferred into the DATA register 
and is reset by reading the DATA register. DBR 
is also reset whenever a Transfer Info command 
is issued. 

There are several causes of a Transfer Info com
mand completion/termination in addition to a 
reset. Just as for a Send or Receive command, 
the Transfer Info command can be terminated by 
issuing a subsequent Disconnect command, 
causing an immediate disconnect but no interrupt. 

A Transfer Info command will either complete or 
pause when the specified number of bytes (either 
a single byte or multiple bytes as defined by the 
SINGLE-BYTE TRANSFER bit in the COMMAND 
register) has been sent or received. The 33C92A 
oenerates a "successful completion" interrupt only 
after receiving another REO from the Target 
during non-Message-In information phases but 
generates a "paused/aborted" interrupt for Mes
sage-In phases without waiting for an additional 
REO (Note that when the completed Transfer Info 
command was a Message-In transfer phase, the 
ACK pin will be left asserted by the 33C92A in the 
last REO/ACK cycle of the command, and the 
processor is required to issue a Negate ACK or 
an Assert ATN followed by a Negate ACK com
mand to accept or reject the message). 

If a parity error is detected on a data byte 
received from the SCSI bus (and HSP=1) or on a 
data byte byte received from the host (and 
HHP=1), then the 33C92A will terminate the com
mand and, for SCSI parity errors, will leave ACK 
asserted (to also halt the Target). In this case a 
"terminated" interrupt is generated. Finally, a 
negation of the BSY- signal (i.e. the Target 
suddenly disconnects) or a transition in the 1/0-, 
C/D-, and/or MSG pins during a Transfer com
mand will also terminate the command and 
generate a "terminated" interrupt. 
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If a parity error is detected on a received byte but 
parity error command termination is disabled 
(HSP=O or HHP=O, as appropriate), the 33C92A 
will still set the PARITY ERROR status bit in the 
AUXILIARY STATUS register but will not ter
minate the command as a result of this error. 

7.5.7 Translate Address (18 hex) 

The Translate Address command performs a logi
cal"address to physical-address translation. Cer
tain SCSI commands involve a logical address 
which may be up to 32 bits in length. When a 
command is detected which requires address 
translation, the processor can load the logical ad
dress into the 33C92A LOGICAL ADDRESS 
register and then issue the Translate Address 
command to have the 33C92A do the conversion. 
Upon receiving a "successful completion" inter
rupt, the processor can read the CYLINDER 
NUMBER, HEAD NUMBER, and SECTOR NUM
BER registers to extract the logical address. The 
disk parameters contained in the TOTAL SEC
TORS, TOTAL HEADS, and TOTAL CYLINDERS 
registers must also be valid before issuing a 
Translate Address command. 

If automatic compensation for spare sectors is to 
be performed by the WD33C92A, then the num
ber of spare sectors per cylinder and total number 
of sectors per cylinder must also be loaded, 
respectively, into the HEAD NUMBER and 
CYLINDER NUMBER registers. A "terminated" in
terrupt will occur if any division operation per
formed during this command results in an over
flow. 

7.6 COMBINATION LEVEL II COMMANDS 

7.6.1 Select-and-Transfer (08 and 09 hex) 

The Select-and-Transfer commands greatly 
reduce the host or local processor interrupt-han
dling burden by enabling the 33C92A's internal 
microprocessor to manage the lOW-level SCSI 
protocol, resulting in as few as one interrupt per 
SCSI operation. Select-and-Transfer commands 
are used when in an Initiator role, and typically 
consist of at least the following SCSI phases: 

1 . Selection of a Target device. 

2. Sending of a command. 
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3. Reception of status information. 

4. Reception of a COMMAND COMPLETE 
Message. 

These commands optionally consist of a Data 
Transfer phase and additional Message Transfer 
phases. 

The 33C92A will update the COMMAND PHASE 
register as the Select-and-Transfer command ex
ecutes. Upon completion or termination of the 
command, the local processor can read this 
register to determine where the SCSI operation 
stopped. 

The two Select-and-Transfer commands differ 
from each other only by whether or not the ATN 
pin is asserted during the Selection phase. The 
ability to assert ATN during Selection supports the 
SCSI Message Protocol which calls for an IDEN
TIFY Message Out phase following the Selection. 
When executing a Select W/ATN-and-Transfer 
commands, the 33C92A expects the Target to 
request a Message Out phase immediately follow
ing selection, whereas for a Select WIO ATN-and
Transfer command, it expects the Target to direct
ly enter Command phase. The Select-and-Trans
fer commands, moreover, support Group a (6-byte 
COB), Group 1 (1 a-byte COB), and Group 5 (12-
byte COB) SCSI commands. 

When a Select-and-Transfer command is issued, 
the 33C92A arbitrates for the bus and selects a 
Target just as during a Select command. If the 
Target does not respond before a timeout occurs, 
the Select-and-Transfer command halts and a 
"terminated" interrupt is generated. Failure to 
complete the Selection phase is also indicated by 
the fact that the COMMAND PHASE register con
tains all zeros. If the Selection is successful, no 
interrupt is generated, but the COMMAND 
PHASE register will be set to a hex 1 a. 

After completing the Selection phase, the 33C92A 
begins an information transfer phase. If ATN has 
been asserted (i.e. a Select W/ATN-and-Transfer 
command was issued), the 33C92A expects 
the Target to respond with a Message Out phase. 
If the first information phase request is other than 
a Message Out request, the 33C92A will ter
minate the command and generate a "terminated" 
interrupt. However, when the Target does request 
a Message Out phase, the 33C92A will respond 
by automatically sending an IDENTIFY Message. 
This single byte message is of the binary 
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form: 1 rOOOttt, where r=1 if the ENABLE 
RESELECTION bit in the SOURCE ID register is 
equal to 1, and ttt is the encoded Target 
LOGICAL UNIT NUMBER contained in the TAR
GET LUN register. Once the IDENTIFY Message 
has been sent, the 33C92A will set the COM
MAND PHASE register to hex 20. 

Following the Message Out phase (or Selection 
phase when ATN was not asserted during Selec
tion), a Command phase is expected by the 
33C92A. Again, and throughout the entire Select
and-Transfer command execution, if the Target re
quests an unexpected information phase type, the 
33C92A terminates the command and generates 
a "terminated" interrupt. If the Command 
phase is requested in this situation, the 33C92A 
will extract the SCSI command from the internal 
COMMAND DESCRIPTOR BLOCK registers 
and send the 6-, 10-, or 12-bytes of command 
information as determined by its evaluation of the 
SCSI command code in the CDB1 register. The 
COMMAND PHASE register is set to hex 30 
before the first Command byte is sent and then 
increments with each byte transferred, so that for 
a 12-byte CDB command the COMMAND PHASE 
register will contain hex 3C when all bytes of the 
CDS have been transferred. 

After the Command phase, the 33C92A expects 
either a Data In phase, Data Out phase, Status 
phase, or Message In phase. If the Target is re
questing a Message In phase, a pending discon
nection is assumed. The 33C92A therefore ex
pects to receive either a Save-Data-Pointer mes
sage (hex 02) or a Disconnect message (hex 04). 
If either message is incorrect, or if a different mes
sage is received, a "terminated" interrupt will be 
generated to alert the processor of that fact and to 
allow the message to be read from the DATA 
register. A "terminated" interrupt will also be 
generated if the Target disconnects before 
sending the Disconnect message. When a correct 
Save-Data-Pointer message is received, a 
"paused/aborted" interrupt is generated and the 
Select-and-Transfer command terminated to allow 
the processor to save the SCSI data pointer. 
However, if a Disconnect message is received, 
the COMMAND PHASE register will be updated 
to hex 42 and command execution continues. 

When the actual Target-disconnection does occur, 
the COMMAND PHASE register is updated to hex 
43 and if the IDI bit is set, the WD33C92A ter
minates the Select-and-Transfer command by 
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generating an 85H interrupt. However, if the IDI bit 
is reset, then instead the WD33C92A sits in an 
idle state, waiting for the Target to reconnect. If a 
different Target device Reselects the 
33C92A, a "terminated" interrupt is generated. 
However, if the original Target Reselects the 
33C92A, no interrupt is generated and the COM
MAND PHASE register is set to hex 44. 

Following the original Target Reselection, the 
33C92A expects a Message In phase which 
should consist of the Target sending an IDENTIFY 
Message. This single-byte message should be 
of the binary form: 10000ttt, where ttt is the Target 
LUN. If the data received by the 33C92A is dif
ferent or the Target LUN specified in this byte 
does not match the contents of the TARGET 
LUN register, a "terminated" interrupt is generated II 
and the Message byte may be examined by the 
processor. A correct IDENTIFY Message In phase 
results in the COMMAND PHASE register being 
updated to hex 45. 

After the IDENTIFY Message is received from the 
Target or immediately after the Command Out 
phase (when there is no disconnection), a Data In 
phase, Data Out phase, or Status phase 
should occur. If the TRANSFER COUNT register 
contains any non-zero value, then the 33C92A will 
expect a Data Transfer phase. If Advanced Fea
tures are enabled, then the DPD bit will be ex
amined to verify the correct data direction. If the 
data direction is incorrect, then a "terminated" in
terrupt is generated. In this phase, the 33C92A 
will use the TRANSFER COUNT register to 
determine the number of bytes to be transferred, 
and all host-side DATA register accesses will be 
accomplished via the method selected by the 
DMA mode select bits in the CONTROL register. 
When the internal counter reaches zero, the Data 
Transfer phase is complete and the COMMAND 
PHASE register is set to hex 46. 

Any number of disconnection/reconnection cycles 
may occur during the Data Transfer phase so long 
as they are accomplished according to the 
defined message protocol. The COMMAND 
PHASE register will cycle through the disconnect 
phases (41-45) with each disconnection and sub
sequent reconnection until all of the data has 
been transferred and the Data Transfer phase is 
complete. 

A Status phase is expected by the 33C92A follow
ing the Data Transfer phase (or instead of the 
Data Transfer phase when the TRANSFER 
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COUNT register contains a value of zero). At the 
start of the Status phase, the COMMAND PHASE 
register is loaded with hex 47. Upon completion of 
the Status phase, the COMMAND PHASE 
register will be updated to hex 50, and the 
received status byte is stored in the TARGET LUN 
register where it can be read upon completion of 
the command. 

Following completion of the status-byte transfer, a 
Message In phase is expected. The 33C92A ex
pects the Target to send a COMMAND COM
PLETE Message (hex 00) to indicate that the 
SCSI command operation has been completed. 
After the 33C92A receives this COMMAND COM
PLETE Message, the COMMAND PHASE 
register advances to hex 60, and if the EDI bit is 
reset, a "successful completion" interrupt is 
generated. The processor should then read the 
TARGET LUN register to examine the Target 
status. An additional interrupt will then occur when 
the SCSI bus goes to the Bus Free state, or when 
another REO is asserted to begin an information 
transfer phase (as in SCSI linked commands). If 

COMMAND 
PHASE MEANING 
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the EDI bit is set, the "successful completion" in
terrupt will be suppressed until the Target discon
nects from the SCSI bus. 

At any time during execution of the Select-and
Transfer commands, an abnormal or unexpected 
condition will cause the 33C92A to terminate the 
command, set the appropriate status 
qualifiers, and generate a "terminated" interrupt. 
If the termination occurred during an information 
transfer phase, the 33C92A will be left in a Con
nected-as-an-Initiator state (unless termination 
was due to a sudden Target disconnection). 
Command termination during any other phase will 
result in the 33C92A being in a Disconnected 
state. Transfer commands may be used to 
handle the exception by transferring messages 
with the Target. 

The following table summarizes the possible 
values that the COMMAND PHASE register can 
take during the Select-and-Transfer commands, 
and their meanings relative to command termina
tion: 

00 No SCSI bus device has been selected. The 33C92A is in the disconnected state. 
10 The Target has been selected. The 33C92A is now in the connected as an Initiator 

state. 
20 An Identi1Y_ messag_e has been sent to the Target. 
30 Command phase has started, no bytes transferred. 
3x Command phase, x bytes have been transferred. 
41 Save-Data-Pointer message received. 
42 Disconnect message received, bus not free. 
43 Target has disconnected (SCSI bus free) following a successful transfer of a Discon-

nect messaQe. The 33C92A is now in the disconnected state. 
44 The 33C92A has been reselected by the Target whose SCSI bus 10 matches the value 

in the DESTINATION 10 register. The 33C92A is now in the connected as an Initiator 
state. 

45 The 33C92A has received an Identify message from the Target whose Logical Unit 
Number matches the value in the TARGET LUN reaister. 

46 The number of bytes specified in the TRANSFER COUNT register have been trans-
ferred to/from the Target during a Data OuVlnphase. 

47 The Taraet has beaun a Receive Status phase. 
50 The 33C92A has successfully received a Status byte from the Target and stored it in 

the TARGET LUN register. 

60 The 33C92A has successfully received a Command Complete message from the Tar-
get. 
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A "Resume Select-and-Transfer" command is as
sumed whenever a normal "Select-and-Transfer" 
command is issued while the 33C92A is in the 
Connected-As-An-Initiator state. When the 
"Resume" is issued, the 33C92A examines the 
COMMAND PHASE register to determine where 
to restart the Select-and-Transfer command ex
ecution. This feature, in conjunction with the IN-

TERMEDIATE DISCONNECT INTERRUPT 
enabled, allows support of multi-threaded or over
lapped I/O on the SCSI bus. 

The following table briefly describes the valid set
tings of the COMMAND PHASE register when 
resuming a Select-and-Transfer command: 

COMMAND 
PHASE MEANING 
10 Resume after Target selection is complete. 
20 Resume after Identify message out. Command phase is expected; an implied Negate 

ACK occurs. 
30 Resume when Command phase has begun (REO asserted). 
41 Resume after Command phase or after Save-Data-Pointer message. Data, Status, or 

MessaQe In phases are expected. An implied NeQate ACK occurs. 
42 Resume to complete Disconnect MessaQe In; an implied NeQate ACK occurs. 
44 Resume after reselection by a Target. 

45 Resume to transfer more data in a data transfer phase. May expect Status or Message 
In as well. An implied NeQate ACK occurs. 

46 Resume after the data has has been completed, expecting Status phase or a Save-
Data-Pointer/Disconnect Message In phase. An implied Negate ACK does NOT occur. 

50 Resume to complete a Status phase; an implied Negate ACK occurs. 
60 Resume to complete a Command Complete message from the Target; an implied 

Negate ACK occurs. 
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7.6.2 Reselect-and-Transfer (OA and OB hex) 

The Reselect-and-Transfer commands include the 
Reselect-and-Receive-Data and the Reselect
and-Send-Data commands. These commands 
cause the 33C92A to execute certain common 
SCSI bus phase sequences as a Target following 
a Reselectionphase. These phases are deter
mined by which command is sent, and the setting 
of two bits: theEDI bit in the CONTROL register; 
and the SCC bit in the DESTINATION 10 register. 
The SCSI bus phase sequences are summarized 
below. 

Refer to the command descriptions of the Send
Status-and-Command-Complete and Send-Dis
connect-Message commands for details on those 
sequences. 

1. Reselect-and-Receive command, EDI=O, 
and SCC=don't care: 

- Reselection phase; 
- Send Identify Message In; 
- Receive Data Out phase; 
- Completion interrupt. 

2. Reselect-and-Send command, EDI=O, and 
SCC=don't care: 

- Reselection phase; 
- Send Identify Message In; 
- Send Data In phase; 
- Completion interrupt. 

3. Reselect-and-Receive command, EDI=1, 
and SCC=O: 

- Reselection phase; 
- Send Identify Message In; 
- Receive Data Out phase; 
- Chain to Send-Status-and-Command 
Complete; 

COMMANDS 

4. Reselect-and-Send command, EDI=1, and 
SCC=O: 

- Reselection phase; 
- Send Identify Message In; 
- Send Data In phase; 
- Chain to Send-Status-and-Command-
Complete; 

5. Reselect-and-Receive command, EDI=1, 
and SCC=1: 

- Reselection phase; 
- Send Identify Message In; 
- Receive Data Out phase; 
- Chain to Send-Disconnect-Message; 

6. Reselect-and-Send command, EDI=1, and 
SCC=1: 

- Reselection phase; 
- Send Identify Message In; 
- Send Data In phase; 
- Chain to Send-Disconnect-Message; 

If the reselection attempt times out during a 
Reselect-and-Transfer command, ATN is asserted 
and HA=1, or if a parity error is detected on a 
incoming data byte (and HSP=1 or HHP=1, 
depending on data direction), the command will 
be terminated and the appropriate status will be 
set. In this case, the COMMAND 

PHASE register should be evaluated to determine 
the last successfully completed phase. If none of 
these conditions occurs, all phases complete nor
mally, and if EDI=O, then a "successful comple
tion" interrupt would be generated at this point. 
However, if EDI=1, no interrupt is generated and 
command chain occurs (as described above). 
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The following table summarizes the possible 
values that the COMMAND PHASE register can 
take during the Reselect-and-Transfer com
mands, and their meanings relative to command 
termination. See other command descriptions for 
additional values that can occur when command 
chaining is used. 

COMMAND 
PHASE MEANING 

WD33C92A 

amines the COMMAND PHASE register to 
determine where to restart the Reselect-and
Transfer command execution. This feature, in 
conjunction with the capability to chain to other 
combination commands, allows longer SCSI bus 
sequences to be executed by a single command. 

00 No SCSI bus device has been reselected. The 33C92A is in the disconnected state. 
10 The 33C92A has successfully reselected the Initiator. The 33C92A is now in the con-

nected as a Target state. 
20 The Identify message has been successfully sent to the Initiator. 
46 The requested data transfer has been completed. 

A "Resume Reselect-and-Transfer" command is 
assumed whenever a normal "Reselect-and
Transfer" command is issued while the 
33C92A is in the Connected-as-a-Target state. 
When the "Resume" is issued, the 33C92A ex-

The following table briefly describes the meaning 
of the COMMAND PHASE register when resum
ing a Reselect-and-Transfer command: 

COMMAND MEANING 
PHASE 
10 Resume after Initiator reselection is complete; start with Identify MessaQe Out. 
20 Resume after Identify message out; start with data transfer phase. If TRANSFER 

COUNT is zero, no data transfer phase occurs. In either case, a chain to another com-
bination command can occur if enabled. 
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7.6.3 Wait-for-Select-and-Receive (OC hex) 

The Wait-for-Select-and-Receive causes the 
33C92A to idle until it is selected by an Initiator, at 
which time the 33C92A will enter the Target mode 
and message and command information will auto
matically be requested. As an option, the 33C92A 
may be programmed to disconnect when a SCSI 
read command is received while executing a 
Wait-for-Select-and-Receive command. Use of 
thi~ command therefore eliminates the interrupts 
which normally occur after selection and after 
each subsequent SCSI bus phase, and results in 
very short bus-connect time during SCSI read 
commands. 

If AT~ was asserted by the Initiator during the 
selection phase, the 33C92A will first execute an 
implied "Receive Message Out" command to get 
the Identify message from the Initiator, before 
continuing on with the implied "Receive Com
mand" to receive the SCSI command information. 
The SCSI command information (COB) will be 
stored in the COB registers (hex addresses 03 to 
OE), and if a valid IDENTIFY message is received, 
it will be saved in the TARGET LUN register (hex 
address OF). The number of command bytes re
quested by the 33C92A is determined by the 
SCSI group code in the first byte of the COB. 

After the 33C92A is selected and receives all valid 
command and message information, a "success
ful completion" interrupt will normally be 
generated to allow the local processor to read out 
and interpret the SCSI COB. However, by setting 
the EDI bit prior to issuing a Wait-for-Select-and
Receive command, the 33C92A is enabled to per-

COMMAND 
PHASE MEANING 
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form an automatic disconnect when a SCSI read 
command is received. Therefore, when EDI=1 
and the 1 st COB byte received contains a 6-, 10-, 
or 12-byte read command code, then the 33C92A 
will temporarily suppress the interrupt and chain 
to begin execution of a Send-Disconnect-Mes
sage command. An interrupt will then be 
generated after completion of this command 
which normally would indicate a transition to th~ 
bus free condition. Refer to the Send-Disconnect
Message command description for more details. 

If during execution the message or command in
formation received from the Initiator is invalid, the 
implied receive command will be terminated and 
the appropriate status reported. In this case, the 
COMMAND PHASE register should be read to 
determine which phase of the Wait-for-Select
and-Receive command was last completed before 
the error condition occurred. A COMMAND 
PHASE hex value of hex 10 indicates that the 
33C92A was successfully selected. A hex value of 
20 indicates that a message was received from 
the Initiator, and when the 33C92A begins 
receiving command bytes, the COMMAND 
PHASE is set to hex 30 and increments with each 
byte received (to a maximum of 3C for a 12-
byte COB command). 

The following table summarizes the possible 
values that the COMMAND PHASE register can 
take during the Wait-for-Select-and-Receive com
mand, and their meanings relative to command 
termination. See other command descriptions for 
additional values that can occur when command 
chaining is used. 

00 The 33C92A has not been selected. The 33C92A is in the disconnected state. 
10 The 33C92A has been successfully selected by the Initiator. The 33C92A is now in the 

connected as a Tarqet state. 
20 The Identify messaqe has been successfully received from the Initiator. 
30 The 33C92A has begun command phase by setting the SCSI bus phase signals and 

assertina REO. 
31 The 33C92A has transferred 1 command byte from the Initiator. The SCSI STATUS 

may indicate the need for the host to load the command size into the OWN 10 
reqister. 

3x The 33C92A has transferred x command bytes from the Initiator. 
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A "Resume Wait-for-Select-and-Receive" com
mand is assumed whenever a normal "Wait-for
Select-and-Receive" command is issued 
while the 33C92A is in the Connected-as-a-Target 
state. When the "Resume" is issued, the 33C92A 
examines the COMMAND PHASE register to 
determine where to restart the Wait-for-Select
and-Receive command execution. This feature, in 

COMMAND 
PHASE MEANING 
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conjunction with the capability to chain to other 
combination commands, allows longer SCSI bus 
sequences to be executed by a single command. 

The following table briefly describes the meaning 
of the COMMAND PHASE register when resum
ing a Wait-for-Select-and-Receive command: 

10 Resume after selection by the Initiator is complete; start with Identify Message Out if 
ATN is asserted, otherwise, start with command phase. 

20 Resume after a message out; check the received message in the TARGET LUN 
register for a valid Identify message. 

30 Resume after Identify message out. Start with command phase. 
31 Resume after the 33C92A has transferred 1 command byte from the Initiator. This 

resume point is used only when an unknown group code has been detected in Ad-
vanced Mode, and the command size has been loaded into the OWN ID register. 
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7.6.4 Send-Status-and-Command-Complete 
(00 hex) 

The Send-Status-and-Command-Complete com
mand is valid in the Target role, and is used to 
complete a SCSI operation by transferring the ap
propriate status information to the Initiat~r 
prior to disconnection from the SCSI bus. This 
command also supports linked SCSI operations 
by optionally allowing a linked command-com
plete message to be sent after the status is 
transferred. Linked command complete messages 
are controlled by the CDB12 register with bits that 
correspond to the standard linked command con
trol bits in the COB. 

Before a Send-Status-and-Command-Complete 
command is issued, the CDB11 register must be 
loaded with a status byte which will then be trans
ferred across the SCSI bus. Also, the link control 
bits from the current COB must be loaded into the 
CDB12 register to ensure that the correct se
quence occurs. 

The bits used by the 33C92A are identical in 
meaning to the SCSI standard link control bits. 
The host processor may simply load the control 
byte from the current SCSI command into CDB12 
to get the correct function. As the command ex
ecution progresses, the COMMAND PHASE 
register will be updated to indicate the last phase 
completed. 

The possible sequences caused by this command 
are as follows: 

COMMAND 
PHASE MEANING 
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1. CDB12 bitO=O, bit1 =don't care: The status 
byte in CDB11 is sent, followed by a Com
mand Complete message (00 hex). A 
"successful completion" interrupt now oc
curs. 

2. CDB12 bitO=1, bit1 =0: The status byte in 
CDB11 is sent, followed by a Linked Com
mand Complete message (OA hex). A 
chain to the command fetch portion of 
Wait-for-Select-and-Receive then occurs 
to fetch the next COB from the Initiator. 
33C92A command execution proceeds as 
described for that command. 

3. CDB12 bitO=1, bit1=1: The status byte in 
COB 11 is sent, followed by a Linked Com
mand Complete with Flag message (OB 
hex). A chain to the command fetch por
tion of Wait-for-Select-and-Receive then 
occurs to fetch the next COB from the In
itiator. 33C92A command execution 
proceeds as described for that command. 

A Send-Status-and-Command-Complete com
mand may be terminated by ATN asserted when 
HA=1, or when a Disconnect or Reset command 
is issued. 

The following table summarizes the possible 
values that the COMMAND PHASE register can 
take during the Send-Status-and-Command-Com
plete command, and their meanings relative to 
command termination. See other command 
descriptions for additional values that can occur 
when command chaining is used. 

00 No operation occurred; typically, ATN was found to be asserted. 
50 Status phase transfer com...r:>.leted. 
60 Command Complete messaQe transfer completed. 
61 Linked Command Complete messaQe transfer completed. 
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A "Resume Send-Status-and-Command-Com
plete" command is assumed whenever a normal 
"Send-Status-and-Command-Complete" com
mand is issued while the 33C92A is in the Con
nected-as-a-Target state. When the "Resume" is 
issued, the 33C92A examines the COMMAND 
PHASE register to determine where to restart the 
Send-Status-and-Command-Complete command 
execution. This feature, in conjunction with the 

COMMAND 
PHASE MEANING 

WD33C92A 

capability to chain to other combination com
mands, allows longer SCSI bus sequences to be 
executed by a single command. 

The following table briefly describes the meaning 
of the COMMAND PHASE register when resum
ing a Send-Status-and-Command-Complete com
mand: 

50 Resume after status phase. Start with command complete message. May chain to 
command fetch if commanded to do so. 
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7.6.5 Send-Disconnect-Message (OE hex) 

The Send-Disconnect-Message command is a 
Target-role command which may be used to dis
connect from the SCSI bus at any time during a 
SCSI command sequence. This command con
sists of sending a Disconnect message byte, fol
lowed by physical disconnection from the bus 
(SCSI bus free). An interrupt is generated only 
after transition to bus free occurs. As an option, a 
Save-Data-Pointer message will automatically be 
sent before the Disconnect. message whenever 
the 101 bit is set prior to issuing this command. 

The COMMAND PHASE register is updated 
during execution of the Send-Disconnect-Mes
sage command to indicate bus phase status. 
After a Save-Data-Pointer message is sent, the 

COMMAND 
PHASE MEANING 
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COMMAND PHASE will be set to 41 H. After the 
Disconnect message transfer, this register will be 
updated to 42H, and after disconnection the 
COMMAND PHASE register will contain a 43H. 

A Send-Disconnect-Message command may be 
terminated by ATN asserted when HA=1, or when 
a Disconnect or Reset command is issued. 

The following table summarizes the possible 
values that the COMMAND PHASE register can 
take during the Send-Disconnect-Message, and 
their meanings relative to command termination. 
See other command descriptions for additional 
values that can occur when command chaining is 
used. 

00 No ~eration occurred; typically, ATN was found to be asserted. 
41 The Save-Data-Pointer messaQe was transferred. 
42 The Disconnect messaQe was transferred. 
43 The bus free state occurred after the Disconnect message was transferred. The 

33C92A is now in the disconnected state. 
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8.0 DC ELECTRICAL SPECIFICATIONS 
8.1 MAXIMUM RATINGS 

Ambient temperature oDe to 700e 
under bias 
StoraQe temperature -550 e to 1250 e 
Voltage on any pin -0.5 to 7 Volts 
with respect to GND 
Power dissipation 190mW 
I nput Static 2000 V pin to pin 
Discharge Protection 

NOTE 

Stresses above those listed under Absolute Maxi
mum Ratings may cause permanent damage to 
the device. This is a stress rating only and func
tional operation of the device at these or any other 
conditions above those indicated in the operation
al section of the specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect product reliability. 

WD33C92A 

8.2 STANDARD TEST CONDITIONS 

The characteristics below apply for the following 
standard test conditions, unless otherwise noted. 
All voltages are referenced to Vss (OV Ground). 
Positive current flows into the referenced pin. 

Operating tempera- 00 to 700 C 
ture ranQe 

Vee +5 Volts ± 0.25 V 

Vss o Volts 
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8.3 DC OPERATING CHARACTERISTICS 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 
IrL Input Leakage --- 10 J.lA VIN = .4 to VCC 

IOL Output Leakage --- 50 IlA VOUT =.4 to VCC 
(inactive) 

VIH Input Hioh Voltaoe 2.0 --- V 

VIL Input Low Voltaoe --- 0.8 V 

VOH Output High Voltage 2.4 --- V 10 = -400 J.LA 
VOL1 Output Low Voltage --- 0.4 V 10 = 7.0 rnA 

erGS,IGsJ 

VOL2 Output Low Voltage --- 0.4 V 10=4.0 rnA 
(all others) 

Icc Supply Current --- 36 rnA TA= +2SoC 
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9.0 AC OPERATING CHARACTERISTICS 
Timing characteristics are valid over the entire 
operating temperature (0 to 70 deg. C) and volt
age (4.75 to 5.25 Volts) ranges. All pins are refer
enced to and from a low voltage of 0.8 volts and a 
high voltage of 2.0 volts, except for SCSI bus 
pins, which are referenced to 1.5 volts. All outputs 
are assumed to have a load capacitance of 50 
picofarads. 

Many of the timing parameters that follow are 
defined in terms of an internal clock cycle time 
that is determined by the input clock and the clock 
divisor selected in the OWN 10 register. This cycle 
time is calculated as follows: 

Tcyc = Tcp • DIVISORl2 

where: 

Tcyc is the internal clock cycle time; 
Tcp is the period of the clock at the elK input; 
DIVISOR is the clock divisor selected in the OWN ID register. 

For example, with a 16MHz clock input to the 
33C92A, the clock divisor selected would be 4. 
Therefore, the value of Tcyc would be: 

Tcyc = 62.5 nsec • 4/2= 125 nsec 
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9.1 PROCESSOR/OMA INTERFACE 

9.1.1 ClK 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tep CLOCK PERIOD 50 125 ns 
teh CLOCK HIGH 20 ns 
tel CLOCK LOW 20 ns 

ioE tcp .: 
ClK ) \ / \ 

: ... tCH .: !oE tCl ~ 

FIGURE 9-1. CLOCK TIMING 
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9.1.2 MR-

SYMBOL CHARACTERISTIC MIN MAX 
tmr MR- PULSE WIDTH 

II 
~:~~-----tMR----~·~: 

MR --------~\~i __________ ~V~-----------

FIGURE 9-2. MR- TIMING 
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9.1.3 Processor Write (Indirect Addressing) 

SYMBOL CMARACTERISTIC MIN MAX UNITS 
tavwl AO VALID TO WE- LOW 0 ns 
tclwl CS- LOW TO WE- LOW 0 ns 
twe WE- PULSE WIDTH 120 ns 
tdvwh DATA VALID TO WE- HIGH 70 ns 
twhai WE- HIGH TO AO INVALID 0 ns 

i twhch WE- HIGH TO CS- HIGH 0 ns 

f 
twhdi WE- HIGH TO DATA INVALID 0 ns 
twhwl WE- HIGH TO WE- OR RE- LOW 100 ns 

!~ tAVWL ~ ~ tWHAI !~ 

~ ==l~------~:----------~----'x'~-------
---..! tCLWL!~ ~.!::: tWHCH :~ 

'1:--1 ---i----~--J/ CS ,'---
tWE --""" • ...;: .... """~-- tWHvVL----:i.~; 

. l t ~ 
:..--tOVWH~'" WHOI.: ---------,X X,-----

WE 
-------,,: 

00-07, OP 

FIGURE 9-3. PROCESOR WRITE (INDIRECT ADDRESSING) TIMING 
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9.1.4 Processor Read (Indirect Addressing) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tavrl AO VALID TO RE- LOW 0 ns 
tclrl CS- LOW TO RE- LOW 0 ns 
tre RE- PULSE WIDTH 180 10000 ns 
trldv RE- LOW TO DATA VALID --- 180 ns 
trhch RE- HIGH TO CS- HIGH 0 ns 
trhdi RE- HIGH TO DATA INVALID 5 40 ns 
trhrl RE- HIGH TO RE- OR WE- LOW 100 ns 
trhai RE- HIGH TO AO INVALID 0 ns 

.------------.11 
1~ tAVRL ~ ~ tRHAI :~ 

M~~ ______ ~ ________ ~ ____ ~A~-------
~: tCLRL ::.i::~ ~ tRHCH i~ 

\~1 __ ~ ____ ~ __ ~/ \~_ CS 

i "" tRE --~»~:""'''''E---- tRHRL--~~"; 

RE --------\-;--! __ ~/ L 
tRLOV ~ ~ i"" tRHOI »i 

00-07, OP __________ ---'X'-________ --'X,-------

FIGURE 9-4. PROCESSOR READ (INDIRECT ADDRESSING) TIMING 
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9.1.5 Processor Write (Direct Addressing) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
taval ADDR VALID TO ALE LOW 40 ns 
talai ALE LOW TO ADDR INVALID 0 ns 
talwl ALE LOW TO WE- LOW 90 ns 
telwl CS- LOW TO WE- LOW 0 ns 
twe WE- PULSE WIDTH 120 ns 
tdvwh DATA VALID TO WE- HIGH 70 ns 
twheh WE- HIGH TO CS- HIGH 0 ns 
twhdi" WE- HIGH TO DATA INVALID 0 ns 
twhwl WE- HIGH TO WE- OR RE- LOW 100 ns 
tahal ALE HIGH TO ALE LOW --- 1 IlS 

~:tAHAL:~ 

ALE ~ ______________________________________________ _ 

CS 

i~! tCLWL tWHCH ~ 

/ 
tWHv'Vl.: 

\~1 --_I--------~--~ 
i~ tALWL~»..,.:...:...:,---tWE ---:»..,....: ~~--

WE --_I --~\~~ _----, __ ---J/, 

\ 
L 

--..i tAVAL ! tALAI :...- i< tDVWH >1-< tWHDI >: 
00-07, DP ~. ADDRESS 'fIIIIIII!tItI/ X·------

FIGURE 9-5. PROCESSOR WRITE (DIRECT ADDRESSING) TIMING 
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9.1.6 Processor Read (Direct Addressing) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
taval ADDR VALID TO ALE LOW 40 ns 
talai ALE LOW TO ADDR INVALID 0 ns 
talrl ALE LOW TO RE- LOW 30 ns 
tclrl CS- LOW TO RE- LOW 0 ns 
tre RE- PULSE WIDTH 180 10000 ns 
trldv RE- LOW TO DATA VALID 180 ns 
trhch RE- HIGH TO CS- HIGH 0 ns 
trhdi RE- HIGH TO DATA INVALID 5 40 ns 
trhrl RE- HIGH TO RE- OR WE- LOW 100 ns 
tahal ALE HIGH TO ALE LOW 1 US 

II 

RE 

00-07, OP 

FIGURE 9-6. PROCESSOR READ (DIRECT ADDRESSING) TIMING 
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9.1.7 DMA Write 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tdlwl DACK- LOW TO WE- LOW 0 ns 
tdlqh DACK- LOW TO DRQ- HIGH 75 ns 
twr WE- PULSE WIDTH 50 ns 
twhwl WE- HIGH TO WE- LOW 100 ns 
tdvwh DATA VALID TO WE- HIGH 25 ns 
twhdh WE- HIGH TO DACK- HIGH 0 ns 
twhdi WE- HIGH TO DATA INVALID 0 ns 
tdhql DACK- HIGH TO DRQ- LOW 0 ns 

:~tOLOH~ ~tOHOL~: 
ORO (OUT) \ i /;-. ----------.------.,\I:-! __ 

~1 tOLWL ~ ~i tWHOH :~ 

OACK (IN) \,,-! ___ ~-__:__---.;------'/;------,L 
: 0< tWR • i ..... O<E----- tw HWL ---i.'" 

WE 
------..,\ Ii L 

~ t DVWH >!-< tWHOI 1~ 

00-07, DP ------------~X~ ________ ~X~---------

FIGURE 9-7. DMA WRITE 
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9.1.8 DMA Read 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tdlrl DACK- LOW TO RE- LOW 0 ns 
tdlQh DACK- LOW TO DRQ- HIGH 75 ns 
trd RE- PULSE WIDTH 80 ns 
trhrl RE- HIGH TO RE- LOW 100 ns 
trldv RE- LOW TO DATA VALID 70 ns 
trhdh RE- HIGH TO DACK- HIGH 0 ns 
trhdi RE- HIGH TO DATA INVALID 5 40 ns 
tdhQI DACK- HIGH TO DRQ- LOW 0 ns 

II 

~IDLQH~ ~IDHQL~i 
DRQ (OUT) \: Jr' ----------;.------,\L-! __ 

! -

DACK (IN) \,,-I_I_D_L_RL_-::~ _______ .-+!_I_R_H_O_H-,Ji-~------'L 
: ...... r--- IRO __ ~».;..: ... oE---- I R HR L ». 

RE--------~\~l --~--~/~i ------------~~ 
~: IRLDV :'" • ! IRHOI :~ 

00-07, OP __________ --'X,...---------,Xr--------

FIGURE 9-8. DMA READ TIMING 
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9.1.9 Bus Buffer Write 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tqhsl ORO HIGH TO RCS- LOW 0 40 ns 

tslwv RCS- LOW TO WE- VALID -5 20 ns 

two WE- PULSE WIDTH 1-20ns Tcyc 

twldv WE- LOW TO DATA VALID 50 ns 

twhdi WE- HIGH TO DATA INVALID 10 ns 

twhwl WE- HIGH TO WE- LOW 1-20ns TQYc 
tqlsh ORO LOW TO RCS- HIGH 8 10 TQYy 
tshwi RCS- HIGH TO WE- INVALID 100 ns 

twhsh WE- HIGH TO RCS- HIGH 0 ns 

tslwl RCS- LOW TO WE- LOW 60 ns 
tglwl ORO LOW TO WE- LOW (1) 0 ns 

tslql RCS- LOW TO ORO LOW (2) 100 ns 

(1) Guarantees that only one more byte will be (2) Guarantees that only one byte will be trans-
transferred. terred. 

~ tOHSL>-' ... <E---- tSLOL ------J.~! ... <E----- tOLSH ---,l.~j: 

ORO (IN) J': \~! _______ _+_---
i..- tSLWL -..i --.j tOLWL !,"- ~ tSHWI ;:~ 

ReS (OUT) ------~\~i-------~I--------~----~----~--~!ri -~---
~tSLWV 1... ;~tWO-.. !tWHWL !. .:tWHSHi~ 

----~, f ,\L-, ----,I WE (OUT) L 
~;tWLDv~itWHOI j~ 

00-07, OP ----------------------,X X,--------------------

FIGURE 9-9. BUS BUFFER WRITE TIMING 
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9.1.10 Bus Buffer Read 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tqhsl DRQ HIGH TO RCS- LOW 0 40 ns 

tslrv RCS- LOW TO RE- VALID -5 20 ns 

tro RE- PULSE WIDTH 1-20ns Tcyc 

tdvrh DATA VALID TO RE- HIGH 20 ns 
trhdi RE- HIGH TO DATA INVALID 0 ns 

trhrl RE- HIGH TO RE- LOW 1-20ns Tcyc 

tqlsh DRQ LOW TO RCS- HIGH 8 10 Tcyc 

tshri RCS- HIGH TO RE- INVALID 100 ns 

trhsh RE- HIGH TO RCS- HIGH 0 ns 
tslrl RCS- LOW TO RE- LOW 60 ns 
tqlrl DRQ LOW TO RE- LOW (1 ) 0 ns 

tslql RCS- LOW TO DRQ LOW (2) 100 ns II 
(1) Guarantees that only one more byte will be (2) Guarantees that only one byte will be trans-
transferred. ferred. 

~ tOHSL >1""""'<--- tSLOL --~. : .... ...,E---- tOLSH .. :!:. 

ORO (IN) J \I-----------i-----
j~ tSLRL ~ ----..j tOLRL !~ ~j tSHRI :~ 

--~\~j ----~I--~--~--~I : 
~j tSLRV j..., »j tRO j tR HRL :: ..... ...,<---~ .. ~: tR HSH~ 

-------~'__j ~/j \L..-! _--II L 

Res (OUT) 

RE (OUT) 

~i tOVRH j tRHOI j.....--------.X . X,------
00-07, OP 

FIGURE 9-10. BUS BUFFER READ TIMING 
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9.1.11 Burst DMA Write 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tdlwl DACK- LOW TO WE- LOW 0 ns 
twlqh WE- LOW TO DRO- HIGH 75 ns 
twr WE- PULSE WIDTH 50 ns 
twhwl WE- HIGH TO WE- LOW 80 ns 
tdvwh DATA VALID TO WE- HIGH 25 ns 
twhdh WE- HIGH TO DACK- HIGH 0 ns 
twhdi WE- HIGH TO DATA INVALID 0 ns 
tqhql DRO- HIGH TO DRO- LOW 0.5 Tcyc 

i-< IWLOH>f..- IOHOL ~: 
ORO (OUT) 1 / 'L 

:~ 10LWL ~,', ~'",' IWHOH /:~ 
\1 i /PPPPP\'-;-_-:------', 

i-< IWR ~ IWHWL >, 

OACK (IN) 

WE ---.,\ ( \1 / 
~: IOVWH >f< IWHOI :~ 

00-07, OP --------~X X~-------------

FIGURE 9-11. BURST DMA WRITE TIMING 

22-56 11/19/91 



AC OPERA TlNG CHARACTERISTICS WD33C92A 

9.1.12 Burst DMA Read 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tdlrl DACK- LOW TO RE- LOW 0 ns 
trlQh RE- LOW TO DRO- HIGH 75 ns 
trd RE- PULSE WIDTH 80 ns 
trhrl RE- HIGH TO RE- LOW 80 ns 
trldv RE- LOW TO DATA VALID 50 ns 
trhdh RE- HIGH TO DACK- HIGH 0 ns 
trhdi RE- HIGH TO DATA INVALID 5 40 ns 
tQhql DRO- HIGH TO ORO- LOW 0.5 Tcyc 

,~tRLQH ~:~ tQHQL ~: 

ORQ (OUT) \'-__________ -:-1 __ --'1 L 
~tOLWL~! ~! tRHDH '.....-

DACK (IN) \i I ~'-+-i ___ --;-_-----JI 
i~ tRD >!-< tRHRL ~: 

R E ------,\ I \l:....-! __ --1/ 
~! tRLDV '-<~ tRHDV :~ 

DO-07, DP ~' Yt.tt!:tIIJ.. ____ ~ 

FIGURE 9-12. BURST DMA READ TIMING 
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9.1.13 INTRQ 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tihrl INTRQ HIGH TO RE- LOW 0 ns 
tri RE- PULSE WIDTH 180 ns 
trhil RE- HIGH TO INTRQ LOW 0 100 ns 
tilih INTRQ LOW TO INTRQ HIGH 100 ns 

INTRQ 

.' : tlLlH : 
i ..... tlHRL ~ .... c:<----- tRLlL »: c: »: 

_--Jli----I-------~\ I~--

l~tR'~ 
----~\ /~. --------

RE 

FIGURE 9-13. INTRQ TIMING 
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9.2 SCSI INTERFACE 

9.2.1 Arbitration 

SYMBOL CHARACTERISTIC MIN MAX 
tblel BSYI, SEll LOW TO SOlE LOW 4 
telio SOlE LOW TO BUS 10 OUT 1 
tioah BUS 10 OUT TO ARBLO HIGH 1 
tahdf ARBLO HIGH TO OATA FLOAT 1 
tdfeh OATA FLOAT TO SOlE, SOOE HIGH 1 
tblbh BSYI SEll LOW TO BSYO HIGH 12 17 
tbheh BSYO HIGH TO SOlE, SOOE HIGH 0 200 
tbhsh BSYO HIGH TO SELO HIGH 2.2 

NOTE: 
1/0" = 1/0, C/O, MSG, REO; ATN" = ATN, ACK 

i" tBLBH ---~ .. ~ tBHSH -

BSVI \1-! -:-_....,.-_______ ~/ 
---! tBLEL :-

BSVO ___ -+-______ ---l! 
SEll ____ -+ __________ 4-______ ~r 

SELO ,---
----~-----------+~~--~I ---i tBHEH i-

SOx --t--(;{ ===lr: -:--::--
:-tOFEH-: 

SOOE ___ -+-__ --+-___ +-" __ --JA~; ----

SOlE 

ARBLO 

IGS, TGS 

110·, ATN" 

------------------

NOTE: 110" = 110, C/O, MSG and REO 
ATN" - ATN and ACK 

FIGURE 9-14. ARBITRATION TIMING 

11/19/91 

WD33C92A 

UNITS 
Tcyc 
Tcyc 
Tcyc 
Tcyc 
Tcyc 
Tcyc 
ns 
us .. 
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9.2.2 Selection (Initiator) 

SYMBOL CHARACTERISTIC MIN MAX 
tshel SELO HIGH TO SDIE LOW 1.2 
teloo SDIE LOW TO "OR-ED" ID OUT 100 
tovah "OR-ED" ID OUT VALID TO IGS HIGH 100 
taoah ATN, ACK OUT TO IGS HIGH 100 
tahav IGS HIGH TO ATN VALID 400 
tavbl· ATN ACK VALID OUT TO BSYO LOW 100 
tblbv BSYO LOW TO BSY HIGH VALID 400 
tbhsl BSYI HIGH TO SELO LOW 100 

NOTE: 
I/O" = I/O, C/D, MSG, REO; SDIE" = SDIE, 
ARBLD 

22-60 

BSVI LJ 
----"j tSlBV i..--

----------------~\ 

-, tAVBL ~!---'----
BVSO 

SEll --.I , ,L 
----"1 tBLSLi~ 

SELO -.Ji L 
SOx ,(~----~------------

SOOE 

-' tSHEL i tELOO i-
SOlE' \' 

~-~~i-to-V-GH~i~~--+---------------

IGS 

ATN 

ACK 

TGS 

1/0' 

. f~i ~-----------

---======::; .. Ti "i;;tA:O;OG];;H--' tGHAV~' "====-____ _ 
------~--~~A~--------_ 

NOTE: 1/0' _ 1/0. C/O, MSG and REO 
SOlE' • SOlE and ARBLO 

FIGURE 9-15. SELECTION (INITIATOR) TIMING 

11/19/91 
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IlS 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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9.2.3 Selection (Target) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tshbl SEll HIGH TO BSYI LOW 0 ns 
tivbl "OR-ED" 10 VALID IN TO BSYI LOW 0 ns 
tblbh SEll HIGH, 10 VALID, BSYI LOW TO 0.4 200 J.lS 

BSYO HIGH 
tbhoi BSYO HIGH TO "OR-ED" 10 INVALID IN 0 ns 
tbhsl BSYO HIGH TO SEll LOW 0 ns 
tavsl ATN VALID IN TO SEll LOW 0 ns 
tslio SEll LOW TO 1/0 OUT 100 ns 
tivQh 1/0 OUT VALID TO TGS HIGH 100 ns 

NOTE: 
1/0* = 1/0, CID, MSG, REO; SDOE* = SDOE, 
ARBLD 

BSYI 

'~i.------------~/ 
BSYO ____ ~----~--~----~/~,----------:--------------------

...... tSHBL i ~ tBLBH ...... !~ tBHSL ...... ! 
SEll --../ i i \I!-i -------------------

SELO 
...... tlVBL ,~ ...... , tBHOI ~ ! 

SOx - - - - - ·X-----------------X- - - - - f -----------------------
SOOE* 

SOlE 

IGS 

: 

i~ 

ATN !: -------------------------------X~ ____ ~ _________________ _ 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -1 - - - - - - - - - - - - - - - - - - --r,--. 
i . 

ACK 

TGS 
...... , tSLIO i ....... tIVGH~ i 

I/O' - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -x __________ __ 

FIGURE 9-16. SELECTION (TARGET) TIMING 
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9.2.4 Reselection (Target) 

SYMBOL CHARACTERISTIC 
tshel SELO HIGH TO SOlE LOW 

teloo SOlE LOW TO "OR-EO" 10 OUT 
tovgh "OR-EO" 10 OUT VAllO TO IGS HIGH 
taogh ATN, ACK OUT TO IGS HIGH 
tghav IGS HIGH TO ATN VAllO 
tavbl ATN, ACK VAllO OUT TO BSYO LOW 
tblbv BSYO LOW TO BSY HIGH VAllO 
tbhsl BSYI HIGH TO SELD LOW 

NOTE: 
C/O* = C/O, MSG, REO; ATN* = ATN, ACK; SOIE* 
= SOlE, ARBLO 

BSYI 

BSYO 

MIN MAX 
1.2 
100 
100 
100 
400 
100 
400 
100 

'---I! 
,'--.,.-----,,......,..---'/ 

~ tlVBl tBlBV! tBHBH 

UNITS 

IlS 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

tBHSl !~ 

~ / !~ 
SELO ~~:----------------------~--------------------~~ 

SOx ---~---------xxx----___ ~---------------
SOOE --~----~-------+---------------~! tSHEl tElCO: ~ 
SOIE* " : 

IGS -------~:---~:---~--------------
ATN* -------------~j--tOVGH-:+=-----

TGS ______ ~-~-~/r.:----~---------------------
~: tllGH ! tGHIH ~ 

1/0 -- ____ - ____ - _'j--__________________ --'/r------------------

C/O* - - - - -'- - - - - - - -, ____________________________ _ 

FIGURE 9-17. RESELECTION (TARGET) TIMING 
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9.2.5 Reselection (Initiator) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tshbl SEll HIGH TO BSYI LOW 0 ns 
tivbl "OR-ED" 10 VALID IN TO BSYI LOW 0 ns 
tihbl I/O IN HIGH TO BSYI LOW 0 ns 
tblal SEll HIGH, 10 VALID, BSYI LOW TO 0 ns 

ATN LOW 
tghao IGS HIGH TO ATN OUT 100 ns 
talgh ATN LOW TO IGS HIGH 400 ns 

tihbh IGS HIGH TO BSYO HIGH 100 ns 
tblbh BSYI LOW TO BSYO HIGH 0.4 200 ns 
tbhoi BSYO HIGH TO "OR-ED" INVALID IN 0 ns 
tbhsl BSYO HIGH TO SEll LOW 0 ns 
tslbl SEll LOW TO BSYO LOW 0 ns 

NOTE: 
ATN* = ATN, ACK; SDOE* = SDOE, ARBLO, 
SELO; C/O* = C/O, MSG, REQ 

BSYI 

BSYO / ~ 
----:: .... ;==-tsitshhbb�l==i .. ;. .... f=~tibiiblbbhh=::=..._I~~ ... t__- tbhsl ------.:~' tslbl +--

SEll 
tivbl ~ tihbh ;+--- tbhoi --+.~. 

",,-. ---

SOx "<~-------'---~>' 
IGS -----..~. -t-ihb-I ---':-tb-Ia-I -;-.. ~~. 

, , talgh ' 
........... ,,"-. -_._-------------ATN' 

liD ___ -'I 

TGS 

SOOE'----------------------------

SOlE 

C/O' 

FIGURE 9-18. RESELECTION (INITIATOR) TIMING 
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9.2.6 Asynchronous Information Transfer In 
(Initiator) 

SYMBOL CHARACTERISTIC MIN MAX 
tslpc SEll LOW TO PHASE CHANGE IN 0 
tihol I/O IN HIGH TO SOOE LOW, OATA BUS 0 125 

TRISTATE 
tdtih OATA BUS TRISTATE TO SOlE HIGH -10 
tpcrh PHASE CHANGE IN TO REO IN HIGH 350 
tdvrh OATA VAllO IN TO REO IN HIGH 0 
trhah REO IN HIGH TO ACK OUT HIGH 0 175 
tahrl ACK OUT HIGH TO REO IN LOW 0 
trial REO IN LOW TO ACK OUT LOW 0 175 
tahdi ACK OUT HIGH TO OATA INVALIO IN 0 
talpc ACK OUT LOW TO PHASE CHANGE IN 0 

NOTE: 
C/O" = C/O, MSG 

22-64 

SEll ~'r----+_------------

SOx _--<---__ X X >C 
--..! ':;;;; .. "h;--.-; ..... -::-;::,'4 =="",idi"d; ====~~ 

SOOE \~, ___ ~_~ ______ r-L-

------'--~---'--~! 
SDIE ------ti tslpc : tihol : Idtih '4-

I/O __ ----II 

C/O' __ ~>< _____ -'-_'--___ ~><= 
1----- tpcrh ... ; 

"'',.-_~--i---REO -------~/ -----. Irhah! lahri trial: talpc ~ 

ACK ________ ~/ \ '-----
ATN ________________ ~ 

FIGURE 9-19. ASYNCHRONOUS INFORMATION TRANSFER IN(I)TIMING 

11/19/91 

UNITS 
ns 
ns 

ns 

ns 
ns 

ns 

ns 

ns 
ns 

ns 
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9.2.7 Asynchronous Information Transfer In 
(Target) 

SYMBOL CHARACTERISTIC MIN MAX 

tslpc SEll LOW TO PHASE CHANGE OUT 100 
tihil I/O OUT HIGH TO SOlE LOW 0 
tiloh SOlE LOW TO SOOE HIGH, OATA OUT 30 
tdvrh OATA OUT VAllO TO REO OUT HIGH 80 
tpcrh PHASE CHANGE OUT TO REO OUT 500 

HIGH 
trhah REO OUT HIGH TO ACK IN HIGH 0 
tahrl ACK IN HIGH TO REO OUT LOW 0 175 
tahdi AOK IN HIGH TO DATA OUT INVALID 0 
trial REO OUT LOW TO ACK IN LOW 0 
talpc ACK IN LOW TO PHASE CHANGE OUT 100 

NOTE: C/O' = C/O, MSG 

SELI-------....,...--_____________ _ 

SOX" ': ... ~~--:--.,_______:_:___-x:= 
--to;tslpc; tihll iti10h jf-- ---J>: tdW\ ;<4- ~ laid! ~ 

SDOE _---'-~_1/ 

SOlE 
\ r= ~~-------'-~-----~-

C/O"==>< ______ +-_________ >C 

/ "'-REa ------__ -~ : lrhah i tahrl ',--",-" ----:--"'-pc-;-;.--

ACK ________ ~/ \ '----
ATN _______________ _ 

FIGURE 9-20. ASYNCHRONOUS INFORMATION TRANSFER IN(T)TIMING 
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WD33C92A 

UNITS 

ns 

ns 
ns 

ns 
ns 

ns 

ns 
ns 

ns 

ns .. 
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9.2.8 Asynchronous Information Transfer 
Out (Initiator) 

SYMBOL CHARACTERISTIC MIN MAX 
tslpe SEll LOW TO PHASE CHANGE IN 0 
tilil I/O IN LOW TO SOlE LOW 0 
tiloh SOlE LOW TO SDOE HIGH, DATA OUT 30 
tperh PHASE CHANGE IN TO REO IN HIGH 350 
trhah REO IN HIGH TO ACK OUT HIGH 0 175 
tdvah DATA OUT VALID TO ACK OUT HIGH 80 
tahrl ACK OUT HIGH TO REO IN LOW 0 
trial REO IN LOW TO ACK OUT LOW 0 175 
trldi REO IN LOW TO DATA OUT INVALID 0 
talpe ACK OUT LOW TO PHASE CHANGE IN 0 

NOTE: 
C/D* = C/O, MSG 

SEll ~':-. ________________ _ 

SOx u, ........ ~ ><==-
~tiloh ~ ----+! td':-Vah:---'".~:---fi"7. --trl-dl -- +--

SOOE I 
-T_---'-

. . \~. ___ ~~ ______ _Lr=_ 
SOlE ----+ I,IPC! liIIl ......-

~~~; _____ +_-T--------~r=-

c/O· ===><----,--:-:--:--c'-----'-------->C 14-- tpcrh ~ Irhah ~ 

REO------/ 

"" -----Jlj tahrl '---trl-aJ-----I-alpc--'-~-

ACK ______ ~/ \ '----
~N ___________________ _ 

UNITS 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

FIGURE 9·21.ASYNCHRONOUS INFORMATION TRANSFER OUT(I)TIMING 
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9.2.9 Asynchonous Information Transfer Out 
(Target) 

SYMBOL CHARACTERISTIC MIN MAX 
tslpc SEll LOW TO PHASE CHANGE OUT 100 
tilol I/O OUT LOW TO SDOE LOW DATA 0 125 

BUS TRISTATE 

tdtih DATA BUS TRISTATE TO SOlE HIGH -10 
tpcrh PHASE CHANGE OUT TO REO OUT 500 

HIGH 
trhah REO OUT HIGH TO ACK IN HIGH 0 
tdvah DATA IN VALID TO ACK IN HIGH 0 
tahrl ACK IN HIGH TO REO OUT LOW 0 175 
trldi REO OUT LOW TO DATA IN INVALID 0 
trial REO OUT LOW TO ACK IN LOW 0 
talpc ACK IN LOW TO PHASE CHANGE OUT 0 

NOTE: 
C/D* = C/O, MSG 

SEll ~~ _______________ _ 

SOX_----'-----_xx X 
. ~ '<Wah +- --., trldl ,~~-----

SOOE \~. ___ +-~ ______ ~t=_ 

I/O ~\-; ____ ---'-_---'-_______ -Lt=_ 

c/o· ===>K_,------c-______ -'-_______ >C 
+-'''''''~, 

REQ---~/ -Ji': trlah 

",. 
[ tahrl '----;:;"a::O, ------,---'-""'-+--:1-

ACK _____ ~/ \ "-------
ATN ________________ _ 

FIGURE 9-22. ASYNCHRONOUS INFORMATION TRANSFER OUT (T) 
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UNITS 
ns 

ns 

ns 
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ns 
ns 

ns 
ns 

ns 

ns 
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9.2.10 Synchronous Information Transfer In 
(Initiator) 

SYMBOL CHARACTERISTIC MIN MAX 
tdvrh DATA VALID IN TO REO IN HIGH 0 

trhdi REO IN HIGH TO DATA INVALID IN 45 

trhrl REO IN HIGH TO REO IN LOW 50 

trlrh REO IN LOW TO REO IN HIGH 50 
tahal ACK OUT HIGH TO ACK OUT LOW 1-15ns 

talah ACK OUT LOW TO ACK OUT HIGH 1-15ns 

talpc ACK OUT LOW TO PHASE CHANGE IN 0 

PARAMETERS tslpc, tihol, tdtih, and tpcrh ALSO NOTE: 
APPLY (see 9.2.6). C/O* = C/O, MSG 

sox ......... · .. · .. ·· .. ··X-----, ________ X---X'--_____ _ 
~: Idvrh Irhdi :+~--

SOOE __________ ~----------------------------~r=--

SOlE -----------~----------------------------'c--

1/0 

C/O· ____________ -;--____ ~------------------_>C 
--.; IrM Irlrh +- -~, lalpc ~ 

REO -------/ 

ACK 
~ lahal • talah +--

ATN 

FIGURE 9·23. SYNCHRONOUS INFORMATION TRANSFER IN(I)TIMING 
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9.2.11 Synchronous Information Transfer In 
(Target) 

SYMBOL CHARACTERISTIC MIN MAX 
tdvrh DATA VALID OUT TO REO OUT HIGH 75 

trhdi REO OUT HIGH TO DATA INVALID OUT 115 

trhrl REO OUT HIGH TO REO OUT LOW 1-15ns 

trlrh REO OUT LOW TO REO OUT HIGH 1-15ns 

tahal ACK IN HIGH TO ACK IN LOW 50 
talah ACK IN LOW TO ACK IN HIGH 50 
talpc ACK IN LOW TO PHASE CHANGE OUT 0 

PARAMETERS tslpc, tihil, tiloh, and tpcrh ALSO NOTE: 
APPLY (see 9.2.7). C/O· = C/O, MSG 

SOX __ ~X~--,-~><~ __ ~X~ _____ _ 
~i tdvrh trhd; i<l<C---

SOOE _____ -"-_____________ _______ 

C 

c 
SOlE 

110 -----~----------------'<""C-

C/O· _____ ~ __ ~---------->C 
~ trhrl IrIrh ~ -~i latpc ~ 

REO ------" 

ACK 
; talah !<C-4tahal 

ATN 

FIGURE 9-24. SYNCHRONOUS INFORMATION TRANSFER IN(T)TIMING 

11/19/91 

WD33C92A 

UNITS 
ns 
ns 
Tcyc 
Tcyc 
ns 
ns 
ns 
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9.2.12 Synchronous Information Transfer Out 
(Initiator) 

SYMBOL CHARACTERISTIC MIN MAX 
tdvah DATA VALID OUT TO ACK OUT HIGH 75 

tahdi ACK OUT HIGH TO DATA INVALID OUT 115 

trhrl REO IN HIGH TO REO IN LOW 50 

trlrh REO IN LOW TO REO IN HIGH 50 
tahal ACK OUT HIGH TO ACK OUT LOW 1-15ns 

talah ACK OUT LOW TO ACK OUT HIGH 1-15ns 
talpc ACK OUT LOW TO PHASE CHANGE IN 0 

PARAMETERS tslpc, tiloh, tilil, and tpcrh ALSO NOTE: 
APPLY (see 9.2.8). C/O' = C/O, MSG 

SDx ··· .. x-------,-_x~ _____ _ 
---.: tdvah 'tahdi +-~ --

SDOE ________________ ~----------------------__ --

C 

C SDIE -------------------,-------------------------"---

1/0 

C/D' ----,---------'------,---i----------------~-----x:= 
. ------.- talpc ~ --+ trhrt trtm ~ 

~~--------~---------

ACK 4 tahal talah 

ATN 

FIGURE 9-25. SYNCHRONOUS INFORMATION TRANSFER OUT(I)TIMING 
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9.2.13 Synchronous Information Transfer Out 
(Target) 

SYMBOL CHARACTERISTIC MIN MAX 
tdvah DATA VALID IN TO ACK IN HIGH 0 

tahdi ACK IN HIGH TO DATA INVALID IN 45 

trhrl REO OUT HIGH TO REO OUT LOW 1-15ns 

trlrh REO OUT LOW TO REO OUT HIGH 1-15ns 

tahal ACK IN HIGH TO ACK IN LOW 50 

talah ACK IN LOW TO ACK IN HIGH 50 

talpc ACK IN LOW TO PHASE CHANGE OUT 0 

PARAMETERS tslpc, til 01 , tdtih, and tpcrh ALSO NOTE: 
APPLY (see 9.2.9). C/O' = C/O, MSG 

sox _____ ~X~----,_~X~ ________ _ 
---.' tdvah ,tahdi ''4-~--

SOOE ;==-

SOlE C 

C/O· x= 
---ti trhrl trlrh ~ 

-----+ talpc 

~~----~-----

ACK ---t tahal talah 

ATN 

FIGURE 9-26. SYNCHRONOUS INFORMATION TRANSFER OUT(T)TIMING 
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UNITS 
ns 

ns 

Tcyc 

Tcyc 

ns 

ns 

ns 
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9.2.14 Arbitration To Bus Free 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tshbl SEll HIGH TO BSYO, SDOE, ARBLD 8+120nsl Tcyc 

LOW 

BSYO 

.~.tshbl~ 
I 

SEll 

SOx <~--> 

SOOE 

SOlE --

ARBLO 

FIGURE 9-27. ARBITRATION TO BUS FREE TIMING 
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9.2.15 Selection (Initiator) Or Reselection 
(Target) To Bus Free 

SYMBOL CHARACTERISTIC 
ttadc TIMEOUT OR ABORT TO DATA BUS 

CLEARED' 
tdcsl DATA BUS CLEARED' TO SELO LOW 
tslih SELO LOW TO SOlE HIGH, SDOE LOW 
tsldt SELO LOW TO DATA BUS TRISTATE 
tslgl SELO LOW TO gs LOW, cntl TRISTATE 

NOTE: 

WD33C92A 

MIN MAX UNITS 
0 ns 

200 IlS 

8+120ns Tcyc 

8+120ns Tcyc 

8+120ns Tcyc 

, SOx logic low, causing logic Iowan SCSI data 
bus. gs IGS (INITIATOR) or TGS (TARGET) 

cntl = ATN, ACK (INIT) or 1/0, CID, MSG, and 
REO (TARGET) 

BSYI 

SELO .......... s. ___ ---; ____ _ 

~Idcsl .:. Isld! ~ 

1 ~ 
SOx . /~.-------

!4--lslih~ 

SOOE -----------'---~ 

~-------

SOlE 

gs 

cntl 

--------------~--_/ 

~'-. ---
~ ~ 

"---'Stg' ---.. 

)>'-. ---
~-------------

FIGURE 9-28. SELECTION (I) OR RESELECTION (T) TO BUS FREE 
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9.2.16 Connected-as-an-Initiator To Bus Free 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tblih BSYI LOW TO SOlE HIGH, SDOE LOW 8+120n5 Teve 
tbldt BSYI LOW TO DATA BUS TRISTATE 8+120n5 Teve 
tblQI BSYI LOW TO IGS LOW, ATN TRISTATE 8+120n5 Teve 

NOTE: 
ATN* = ATN, ACK 

BYSI ----------------------~~ 

~~~--~-------------------+- tblldt--+ 

SOx 
>, HHHHHHHHH 

---------------------------.~~--tbJ-ih-~~. 

SOOE __________________________ ~ ______ ~\~. ________________ __ 

22-74 

SOlE __________________________ ..,.-, ______ -JI 
~tbJgJ_____. 

IGS 

~-.-------------------
ATN· ________________________________ ~>~' -------------------

FIGURE 9-29. CONNECTED-AS AN-INITIATOR TO BUS FREE TIMING 
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9.2.17 Connected-as-a-Target To Bus Free 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tblih BSYO LOW TO SOlE HIGH, SOOE LOW 8+120ns Tcy_c 
tbldt BSYO LOW TO OATA BUS TRISTATE 8+120ns Tcyc 
tblgl BSYO LOW TO TGS LOW, I/O TRISTATE 8+120ns Tcyc 

NOTE: 
1/0* = I/O, C/O, MSG, REO 

.------______ 11 
BYSO----------------------~~~~ ____ ~~-----------------

[+- !blld! -----4: 

SOx __________________________ ;-,-----____ ~>d .. 
:f-!blih~: 

SOOE ________________________ ~~----~\~-----------------

SOlE ________________________ --<-______ --'1 
: : 

:+-!blgl---+ 

TGS ------------------------------~~. 
~-----------------

I/O' ________________________________ ~)>-. -----------------

FIGURE 9-30. CONNECTED-AS-A-TARGET TO BUS FREE TIMING 
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INTRODUCTION 

1.0 INTRODUCTION 
1.1 DESCRIPTION 

The 33C93B, a MOSNLSI device implemented in 
Western Digital's CMOS process, operates from a 
single 5 Volt supply and is available in either a 
44-pin chip carrier or a 40-pin dual-in-line package. 
All inputs and outputs are TTL compatible. 

The 33C93B is intended for use in systems which 
interface to the Small Computer System Interface 
(SCSI) Bus. The 33C93B can operate in both the 
initiator (typically, a host computer system) and the 
target (typically, a peripheral device) SCSI bus 
roles. 

When used in the host system, the 33C93B inter
faces to both the host bus and the SCSI bus. To 
perform a SCSI operation, the host processor is
sues a command to the 33C93B to select the 
desired target. The 33C93B then arbitrates for the 
SCSI bus and selects the peripheral unit. If it fails 
to get the bus because of a device with higher 
priority, it continues trying and notifies the host 
when it has succeeded by generating an interrupt. 
At this point, the 33C93B is operating in the initiator 
role. When the peripheral requests a SCSI com
mand from the host, the 33C93B receives the re
quest and generates another interrupt to the host. 
The host responds to this interrupt by issuing a 
"Transfer Info" command and supplying SCSI com
mand bytes to the 33C93B. The 33C93B transfers 
the SCSI command to the peripheral and then waits 
for the next bus phase request. This process con
tinues until all SCSI information including data, 
status, and messages have been transferred. 

The 33C93B also offers high-level Select-and
Transfer commands which eliminate the interrupt 
handling otherwise required between each SCSI 
bus phase. 

When the 33C93B is used in a peripheral system, 
the 33C93B operates primarily in a target role. It 
interfaces with a local processor and the SCSI bus 
in this environment just as it does when used in a 
host adapter. The target-role command set enables 
the 33C93B to request each SCSI bus phase in
dividually or to sequence the SCSI bus phases 
automatically through the use of combination com
mands. 

The 33C93B has an internal microcontroller, a 
register task file, and SCSI interface logic. This 
architecture supports both tight control of the 

WD33C93B 

protocol for non-standard SCSI implementations, 
as well as a hands-free mode for standard 
SCSI applications. 

1.2 FEATURES 

• Implements full SCSI bus features: arbitration, 
disconnect, reconnect, parity generation and 
checking on both data ports, soft reset, and 
synchronous data transfers. 

• Includes 48 mA drivers for direct connection to 
the SCSI bus. 

• Operates in both initiator and target roles. 

• Synchronous offset selectable from one to 
twelve bytes. 

• Programmable timeout for selection and 
reselection. 

• Support for SCSI-2 features: .. 
- Synchronous transfer rates up to 10 

Mbytes/s for Fast SCSI transfers; up to 5 
Mbyte/s for standard SCSI transfers. 

- Select-and-Transfer, Reselect-and-Trans
fer, and Wait-for-Select-and-Receive 
commands provide support for queue tag 
messages and target routine identify 
messages. 

• Special "Translate Address" command 
performs the Logical-to-Physical address 
mapping. 

• "Combination" commands greatly reduce 
interrupt-handling responsibilities. 

• Compatible with most microprocessors 
through an 8-bit data bus; supports both 
multiplexed and non-multiplexed address/data 
bus systems. Host bus data parity checking 
and generation is an optional feature. 

• Burst data transfers up to 4096 bytes. 

• Data transfer options include programmed I/O, 
single-byte DMA, burst (multibyte) DMA, or 
direct bus access (WD bus) transfers. 

• Single +5 V supply. 

• Available in 44-pin chip carrier or 40-pin DIP. 

• Low-power CMOS design. 
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1.3 DIFFERENCES BETWEEN THE 33C93A 
AND 33C93B 

The 33C93B delivers the same functionality as the 
33C93A as well as additional features to support 
SCSI-2 and improve system performance. Unless 
the device is configured with the RAF bit in the 
OWN 10 register set, the 33C93B is completely 
backward compatible to the 33C93A; consequently, 
in most applications, it may replace the 33C93A 
with no modification to the hardware or the 
firmware. 

The 33C93B has grouped several recently added 
features of the 33C93A with two 33C93B-only en
hancements into a mode enabled by configuring the 
device with the RAF bit set. Section 4.3.2 describes 
this new mode. The first two features---the loading 
of the microcode revision on a soft reset condition 
and the aborting of a target Receive command upon 
the detection of the SCSI Attention condition or of 
a parity error---existed in the 33C93A design. The 
33C93B design has added to this mode the ability 
t~ detect possible data corruption and unexpected 
disconnects from the SCSI bus when operating as 
a target. 

To support SCSI-2, the combination commands 
Select-and-Transfer, Reselect-and-Transfer and 
Wait.-for-Select-and-Receive optionally se~d or 
~ecelve Queue-tag messages at appropriate points 
In the SCSI bus sequence. The host via two bits in 
the DESTINATION 10 register and the newly added 
QUEUE TAG register provides information which 
the first two commands use to generate and check 
these messages. Wait-for-Select-and-Receive, 
through the same locations, relays information to 
the ~ost r~garding the type of Queue-tag message 
received, Including whether the initiator sent a mes
sage or not, and the actual queue tag. 

These commands also support the LUNTAR bit in 
the Identify message. By setting the corresponding 
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bit in the TARGET LUN register, the host enables 
the Select-and-Transfer and Reselect-and-Trans
fer commands to send an Identify message for a 
target routine. In the case of Select-and-Transfer 
setting this bit also enables the 33C93B to accept 
automatically an Identify message with the LUN
TAR bit set. The host also has the option to let the 
Wait-for-Select-and-Receive command receive a 
target routine Identify message and proceed to the 
n~xt phase or to interrupt the host so that it may 
reject the message when the application does not 
support target routines. 

The last new feature pertaining to SCSI-2 relates to 
Fast SCSI. When the 33C93B has an input clock 
between 16 MHz and 20 MHz, by controlling the 
Fast SCSI Select (FSS) bit in the SYNCHRONOUS 
TRANSFER register, the host can select between 
normal synchronous transfers which reach a max
imum transfer rate of 5 MB/s and Fast synchronous 
transfers with a peak rate of 10 MB/s on both the 
SCSI and host DMA interfaces. 

The final addition to the 33C93B is the FIFO 
Full/Empty (FFE) bit in the AUXILIARY STATUS 
register to be used primarily during polled 110 trans
fers. As its name suggests, this bit reflects the full 
or empty state of the FIFO depending on the direc
tion of the transfer. If the host is writing data to the 
FIFO, the 33C93B sets this bit when the FIFO is 
empty, indicating that the host may write up to 
twelve bytes to the FIFO without having to poll the 
DBR bit before writing each byte. Similarly, when 
the host is reading data from the FIFO, the 33C93B 
sets this bit when the FIFO is full, indicating that the 
host may read the DATA register twelve times 
without polling DBR before each read. Some 
restrictions do apply when using this bit, and they 
are described in Section 3.1.22. 
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2.0 PIN DESCRIPTIONS 

TIO Vee 

MSG REO 

GNO ACK 

C/O ATN 
39 38 37 36 35 34 33 32 31 30 29 

MR 40 28 SOP 
BSY MR 

ATN 41 27 ALE 
SEl GNO 

ACK 26 RE 
ClK S07 

ORa 
REO 25 WE 

S06 

OACK S05 
Vee 24 CS 

(NC) 
-
I/O 

MSG 

GNO 
-
C/O 

BSY 

2 

3 

4 

5 

6 

WD33C938 

7 8 9 10 11 12 13 14 15 16 17 

I ~ ~IOI~ ~ 0 0 ~ N M v W...Ja:OOa:DOOOO 
CIlUo<! I-

o ;:; 

23 GNO 

22 (NC) 

21 AO 

20 07 

19 06 

18 05 

INTRa S04 

00 S03 

01 S02 

02 GNO 

03 SOl 

04 SOO 

05 SOP 

06 ALE 

07 RE 

AO WE 

GNO cs 

FIGURE 2-1. 44-PIN CHIP CARRIER FIGURE 2-2. 4O-PIN DIP 

2.1 PROCESSOR/DMA INTERFACE 

NAME I/O DESCRIPTION 
ClK I 8-20 MHz square wave clock 

MR I Reset is an active-low input which forces the 33C93B into an idle state and 
forces all SCSI signals to the neqated state. 

INTRa 0 Interrupt Request to the external microprocessor indicates a command com-
pletion/termination or a need to service the SCSI interface. Reading the 
SCSI STATUS reqister clears this bit. 

RE I/O Read Enable is an active-low input used with CS- to read a register or with 
DACK- to access the DATA register in DMA mode. In WD Bus mode, it is 
used as an output to read data from a sector buffer. (TRI-STATE). 

WE- I/O Write Enable is an active-low input used with CS- to write a register or with 
DACK- to access the DATA register in DMA mode. In WD Bus mode, it is 
used as an output to write data to a sector buffer. (TRI-STATE) 

CS I Chip Select is an active-low input which qualified RE- and WE- when acces-
sign a register. This signal must be inactive during a DMA cycle (DACK- ac-
tive in DMA and Burst DMA mode or DRO active in WD Bus mode). 

AO I Address Pin AO is used to access the internal registers for non-multiplexed 
address/data busses (Le.; the ALE pin is grounded). The address of the 
desired register is loaded into the address register during a write cycle with 
AO=O. The selected register is then accessed when AO=1. 

TABLE 2-1. SIGNAL DESCRIPTIONS 
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NAME 1/0 DESCRIPTION 
ALE I Address Latch Enable is used for multiplexed addressldata busses to load 

the address of the desired 33C93B register from the data bus. For indirect 
addressing, the ALE pin should be grounded. See the description of the AD-
DRESS register for a complete discussion of direct and indirect addressing. 

DACK I/O DMA Acknowledge is an active-low input used for interfacing to an external 
(RCS) DMA controller (e.g. 8237). When DACK is low, all bus transfers are to or 

from the DATA register regardless of the contents of the ADDRESS register. 
In WD Bus mode this pin, a!l.QPen-drain output, functions as a RAM Chip 
Select to the sector buffer. RE and WE are outputs when RCS is active. 
Regardless of the host DMA mode selected, this pin should be pulled via ex-
ternal circuitry (e.g. a pullup resistor) to an inactive state and should not be 
left floating. 

ORO I/O Data Request is an active-low output when used for interfacing to an exter-
nal DMA controller and an active-high input when in WD Bus mode. In the 
first application, ORO and DACK form the handshake for the DMA data 
transfers. In Burst mode, ORO remains low so long as there is data to 
transfer; in Single-byte DMA mode, ORO toggles for each byte. Since this 
pin is an open drain output, a pull up resistor may be required when operat-
ing in these modes. In WD Bus mode, this pin becomes the ORO input. A 
high level on this pin enables the 33C93B to perform burst transfers; a low 
level inhibits transfers by deasserting RCS and disabling the RE and WE 
outputs. 

07- DO I/O Processor data bus. 
DP I/O Data Parity is used only for checking and generating parity during data 

transfers. 

TABLE 2-1. SIGNAL DESCRIPTIONS (Continued) 
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2.2 SCSI INTERFACE 

NAME 
ATN 

REO 

ACK 

MSG 

C/O 

I/O 

SO? 
SOO 

SOP 
BSY 

SEL 

SCSI 
BUS 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 
I/O 

I/O 

WD33C93B 

DESCRIPTION 
ATN is an output in the initiator role and an input in the target role. 
Its assertion indicates the ATIENTION condition. 

REO is an input in the initiator role and an output in the target role. 
It indicates a request for a data transfer. 

ACK is an output in the initiator role and an input in the target role. 
It indicates an acknowledqement of a data transfer. 
MSG is an input in the initiator role and an output in the target role. 
The target asserts this signal when requesting message information. 

C/O is an input in the initiator role and an output in the target role. It 
specifies whether CONTROL or OATA information is on the SCSI data bus. 

I/O is an input in the initiator role and an output in the target role. It 
controls the direction of data movement on the SCSI data bus with respect 
to an initiator. 

SCSI data bus. 

SCSI data bus. 
SCSI data bus parity siqnal. 

BSY is asserted when the 33C93B is attempting to arbitrate for the SCSI 
bus or when connected as a target. 

SEL is asserted when the 33C93B is attempting to select or reselect 
another SCSI device. 

TABLE 2-1. SIGNAL DESCRIPTIONS (Continued) 

INTERNAL 
BUS 

FIGURE 2-3. WD33C93B BLOCK DIAGRAM 
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3.0 WD33C93B REGISTERS 

AO RIW REGISTER ACCESSED ADDRESS 
JHE~t 

0 R Auxiliary Status Reqister XX 

0 W Address Reqister XX 
1 R/W Own 10 Reqister ICOB Size 00 
1 RIW Control Reqister 01 
1 RIW Timeout Period Reqister 02 
1 RIW Total Sectors Register ICOB 1st 03 
1 R/W Total Heads Register ICOB 2nd 04 

1 R/W Total Cylinders Register (MSB) ICOB 3rd 05 

1 RIW Total Cylinders Register (lSB) ICOB 4th 06 

1 R/W loqical Address (MSB) ICOB 5th 07 
1 RIW logical Address (2nd) ICOB 6th 08 
1 R/W logical Address (3rd) ICOB 7th 09 
1 RIW logical Address (lSB) ICOB 8th OA 
1 RIW Sector Number Register ICOB 9th DB 
1 RIW Head Number Register ICOB 10th OC 
1 RIW Cylinder Number (MSB) Register ICOB 11th 00 
1 R/W Cylinder Number (MSBt R~gister ICDB 12th OE 

1 R/W Tarqet lUN Reqister OF 

1 RIW Command Phase Reqister 10 
1 RIW Synchronous Transfer Register 11 
1 RIW Transfer Count Register (MSB) 12 

1 R/W Transfer Count Register (2nd Byte) 13 

1 R/W Transfer Count Register (lSB) 14 
1 RIW Destination 10 Register 15 

1 R/W Source 10 Register 16 

1 R SCSI Status Register 17 
1 R/W Command Register 18 

1 R/W Data Register 19 
1 RIW Queue Ta~ Register 1A 

NOTE: 1. All unused bits of a defined register are reserved and must be zero. 

23-6 

2. Reading an undefined or unavailable register results in an all-ones data bus output. 
3. Register addresses are determined by the ADDRESS register bits AR7 through ARO. 
4. When using a multiplexed address/data bus with ALE, the AD pin is ignored, and the 

ADDRESS register is loaded with ALE. In this mode, the AUXILIARY STATUS register 
is mapped at 1 F hex. 

5. See section 3.2 for a description of how reset affects the internal registers. 

TABLE 3-1. REGISTER MAP 

ADVANCE INFORMATION 3/12//91 



WD33C93B REGISTERS 

3.1 REGISTER DESCRIPTIONS 

3.1.1 Auxiliary Status Register 

The AUXILIARY STATUS register, a read-only 
register, contains general .status inform.~tion not 
directly associated with the Interrupt condition. The 
host may access the AUXILIARY STATUS register 
at any time except during DMA accesses. (DACK 
asserted in DMAIBurst mode or RCS asserted in 
WD bus mode). 

I~NT l~cl l~sY I~IP I~ I!FE I!E I~BR I 
Bit 0 DBR-DATA BUFFER READY 

DATA BUFFER READY indicates to the 
processor whether or not the DATA 
register is available for reading or writing. 
During a Send command or a Transfer 
Info command which transmits data over 
the SCSI bus, the 33C93B sets this bit 
when ready to take a byte from the host; 
it resets this bit when the processor writes 
the byte to the DATA register. During a 
Receive command or a Transfer Info com
mand which receives data over the SCSI 
bus, the 33C93B sets DBR when it 
receives a byte and resets DBR when the 
processor reads the byte from the DATA 
register. 

Bit 1 PE-PARITY ERROR 
PARITY ERROR status indicates that the 
33C93B received a byte with even parity 
during a transfer. SCSI parity checking is 
always enabled; host parity checking is 
enabled via the EHP bit in the OWN 10 
register Detection of a parity error will set 
the PE status bit regardless of the state of 
the HHP or HSP bits in the CONTRO 
register. Issuing a command clears the 
PE bit. 

Bit 2 FFE -FIFO FULL/EMPTY 
FIFO FULUEMPTY indicates when the 
FIFO is full or empty depending on the 
direction of the transfer. (see 3.1.22) 

Bit 4 CIP -COMMAND IN PROGRESS 
COMMAND IN PROGRESS indicates that 
the 33C93B is interpreting the last com-

WD33C93B 

mand entered into the COMMAND 
register which is therefore unavailable. 

Bit 5 BSY-BUSY 
BUSY indicates that a Level II command 
is currently executing, so the host may 
only access the COMMAND register 
(when CIP = O),the DATA register, and the 
AUXILIARY STATUS register. When this 
bit is set, the host should not issue a 
Level II command. 

Bit 6 LCI -LAST COMMAND IGNORED 
LAST COMMAND IGNORED indicates 
that the 33C93B ignored a command be
cause the host issued it just prior to or 
concurrent with a pending interrupt. 

Bit 7 INT-INTERRUPT PENDING 
INTERRUPT PENDING reflects the state 
of the INTRQ pin. When set, the host II 
should read the SCSI STATUS register to 
clear INTRQ prior to issuing any com-
mands. 

3.1.2 Address Register 

The ADDRESS register, a write-only register, holds 
the address of the register to be accessed. 
Registers in the 33C93B may be accessed in one 
of two ways: 

• Direct addressing (multiplexed address/data 
busses). In this mode, the falling edge of the 
ALE signal latches the contents of the host 
data bus into the ADDRESS register. The CS 
and WE or RE signals typically follow to access 
the selected register. When using direct 
addressing, the AO pin should be connected to 
ground, and the AUXILIARY STATUS register 
is located at address 1 F hex. 

• Indirect addressing (separate address/data 
busses). This method, enabled by tying ALE 
to ground, requires two separate cycles for a 
register access. The first cycle loads. the 
desired address into tlliLADDRESS register 
by writing (CS and WE asserted) to t~e 
33C93B with AO=O.The second cycle, with 
AO=1, then read~S and RE asserted) or 
writes (CS and WE asserted) the selected 
register. Every cycle with AO=1 increments ~he 
ADDRESS register except when accessing 
the DATA or COMMAND registers. In indirect 
addressing, the AUXILIARY STATUS 
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register is accessed by performing a read (CS 
and RE asserted) with AO=O. 

3.1.3 Own IDICDB Size Register 

The OWN ID/CDB SIZE register, in its first mode, 
contains information which the Soft Reset com
mand uses to configure the device. Following a 
hardware reset, the host, before issuing any other 
command, must initialize this register and issue the 
Reset command to set the clock divisor and the 
SCSI bus ID of the device and to enable various 
sets of features and host bus parity checking. 

In the second mode, bits 3-0 of this register specify 
the SCSI CDB size if the command group is un
known (i.e. not a group 0, group 1, or group 5 SCSI 
command) to the 33C93B during the Select-and
Transfer and Wait-for-Select commands. This 
mode is enabled only when advanced features (see 
4.3.1) have been selected. 

Bit 0-2IDn- SCSIID BITS 
SCSI ID Bits 0-2 set the SCSI bus ID that 
the 33C93B uses during arbitration and 
selection. 

Bit 3 EAF-ENABLE ADVANCED FEATURES 
ENABLE ADVANCED FEATURES, when 
set, enables functions described in sec
tion 4.3.1. 

Bit 4 EHP-ENABLE HOST PARITY 
ENABLE HOST PARITY enables odd 
parity checking on the host bus. The PE 
bit in the AUXILIARY STATUS register 
will then also indicate parity errors 
detected on the host bus, and the HHP bit 
in the CONTROL register will have effect 
during transfers. When host parity is dis
abled, the PE bit is not set when a parity 
error occurs on the host bus,and the HHP 
bit must be set to zero. NOTE: Parity is al
ways generated on the host data parity bit 
(DP), regardless of the state of 
this bit. 

Bit 5 RAF-REALLY ADVANCED FEATURES 
REALLY ADVANCED FEATURES, when 
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set, enables features described in section 
4.3.2. 

Bit 6-7 FSn-FREQUENCY SELECT 
FREQUENCY SELECT 0-1 select the 
divisor that is applied to the input clock. 
The divided clock is used for data transfer 
timing and for SCSI bus arbitration timing. 
The table below shows input clock fre
quency ranges and their corresponding 
divisors. An incorrect divisor for the input 
clock may result in violation of SCSI bus 
timing specifications. 

INPUT CLOCK FS1 FSO RESULTING 
FREQUENCY DIVISOR 

(MHz) 
8-10 0 0 2 

12-15 0 1 3 
16-20 1 0 4 

XX 1 1 Undefined 

Note that a clock rate between 10 MHz and 12 MHz 
should not be used, as the resulting SCSI bus clear 
delay may violate SCSI specifications. The formula 
for computing the maximum SCSI data transfer rate 
is given in Section 6. 

3.1.4 Control Register 

The CONTROL register consists of option bits 
which affect response to parity errors and to the 
SCSI attention condition, suppress interrupts, allow 
command chaining, and select the mode of DMA 
transfer. 

Bit 0 HSP-HALTon SCSI PARITY ERROR 
The HALTon SCSI PARITY ERROR bit 
enables the 33C93B to terminate a 
Receive or Transfer Info command if a 
parity error occurs on an incoming SCSI 
data byte. Asynchronous transfers check 
parity on every byte; synchronous data 
transfers check parity on 4096-byte boun
daries in most cases. In the initiator role, 
the 33C93B responds to a SCSI parity 
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Bit 1 

Bit 2 

error by leaving the ACK pin asserted to 
inhibit any additional data transfers 
(REQs) by the target and to facilitate error 
handling with the target. If Immediate 
Halts are enabled, a SCSI parity error 
during a synchronous Receive or 
Reselect-and-Receive command will 
abort the transfer before the 4096-byte 
boundary. 

HA-HAL T on ATTENTION 
The HALT on ATIENTION bit (target 
mode only) enables the 33C93B to ter
minate a Send or Receive command if the 
initiator asserts ATN. The 33C93B normal
ly tests for the ATN condition before the 
start of a data transfer, on 4096 byte boun
daries, and after the end of the transfer. If 
the Immediate Halt feature is enabled, an 
Abort command will be issued upon recog
nition of the ATN condition. These rules 
apply to both synchronous and 
asynchronous transfers. 

IDI-INTERMEDIATE DISCONNECT 
INTERRUPT 
The INTERMEDIATE DISCONNECT IN
TERRUPT bit, when set in the initiator 
role, causes the 33C93B to terminate a 
Select-and-Transfer command and 
generate an 85 hex interrupt upon a 
proper target disconnect. When this bit 
is reset, a valid disconnect will not cause 
the 33C93B to generate an interrupt, and 
command execution proceeds. This fea
ture, when used with the Resume SAT 
command, provides support for over-
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lapped SCSI operations. In the target 
role, the 101 bit selects combination com
mand execution options. Refer to Section 
4 for more details. 

Bit 3 EDI-ENDING DISCONNECT INTERRUPT 
The ENDING DISCONNECT INTER
RUPT bit, when set, delays the 16 hex 
interrupt which normally follows receipt of 
the Command-Complete message during 
a Select-and-Transfer command until after 
the target disconnects, replacing the 85 
hex interrupt. This bit also enables chain
ing between certain target-role combina
tion commands to reduce host system 
overhead. Refer to Section 4 for more 
details. 

Bit 4 HHP-HALTon HOST PARITY ERROR 
The HALTon HOST PARITY ERROR bit 
allows the 33C93B to terminate a Send or 
Transfer command if a parity error occurs 
on an incoming host data byte. The 
33C93B checks for host parity errors ac
cording to the sames rules it uses when 
checking for SCSI parity errors. However, 
a host parity error will not leave the ACK 
signal asserted. 

Bit 5-7 DMx-DMA MODE SELECT 
The DMA MODE SELECT bits 2-0 select 
the host bus transfer mode to be used 
during a Data phase. The following table 
describes the different DMA modes and 
specifies the state of these bits to select 
each mode: 
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DM2 DM1 DMO DMA MODE SELECTED 
0 0 0 POLLED 110 MODE or no DMA enabled. The host must poll 

for DBR in the AUXILIARY STATUS register and then, depend-
ing on the direction of the transfer, read or write the DATA 
register. 

0 0 1 BURST MODE or demand-mode DMA. In this mode, the DRO 
signal will remain active so long as data or space exists in the 
internal FIFO to allow the transfer to continue. The DMA con-
troller responds by asserting DACK and pulsing RE or WE to 
transfer the data. 

0 1 0 WD-BUS MODE or Direct Buffer Access (DBA) mode. In this 
mode, the 33C93B acts as a bus master, and all data access 
signals reverse their directions. The ORO pin becomes the 
ORO input, which when high, enables the 33C93B to drive the 
buffer control signals. The DACK pin becomes the RCS output 
and serves as a chip select for the buffer. The RE and WE 
pins become outputs which drive the read and write functions 
of the RAM buffer. Transfers will continue in a burst manner 
until the transfer is complete or until the external buffer logic 
pauses the transfer by negating the ORO signal. One transfer 
may occur after ORO drops and then the DACK, RE, and WE-
signals will tristate. 

1 0 0 DMA MODE or Single-byte DMA. In this mode,a DRO/DACK 
handshake occurs for each ~. The DMA controller transfers 
the byte by asserting WE or RE while assertinQ DACK. 

3.1.5 Timeout Period Register 

The TIMEOUT PERIOD register stores a user
selected, 8-bit value which determines the timeout 
period for selection and reselection attempts. The 
timeout period specifies how long the 33C93B will 
wait for a response (Le. assertion of the BSY signal) 
after it has begun the Selection phase (asserted 
SEL and negated BSY) before terminating the com
mand. Loading this register with zero disables the 
timeout feature. For a desired timeout period, the 
register value depends upon the input clock fre
quency, as shown in the following equation: 

The constant '80' scales the units of the equation, 
as it is based on the internal timeout cycle time. The 
user should round the resulting 'register value' up 
to the next integral value to ensure that the mini
mum timeout requirement is met. 

3.1.6 Command Descriptor Block Registers 

The COMMAND DESCRIPTOR BLOCK registers 
hold the SCSI command bytes to be sent during 
Command phase of a Select-and-Transfer com
mand and the command bytes received during the 
Command phase of a Wait-for-Select-and-Receive 
command. 

Tper * Ficlk 
register value = 

80 

where Tper = the desired timeout period in mil
liseconds; Ficlk = the input clock frequency at the 
MCK pin in megahertz (with no divisor applied). 

The Send-Status-and-Command-Complete com
mand uses the contents of the CDB11 register as 
the returned status and determines the type of the 
Command-Complete message to send from the 
contents of the CDB12 register. Bit 0 of CDB12 
selects whether the command sends a simple Com
mand-Complete message bit 0=0) or a Linked
Command-Complete message (bit 0=1). In 
the latter case, bit 1 of CDB12, the FLAG bit, 
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specifies whether a OA hex (FLAG=O) or a OB hex 
(FLAG=1) message is sent. 

3.1.7 Total Sectors Register 

The tOTAL SECTORS register stores an 8-bit 
value specifying the total number of sectors per 
track for the Translate Address command. 

3.1.8 Total Heads Register 

The TOTAL HEADS register stores an 8-bit value 
specifying the total number of heads for the Trans
late Address command. 

3.1.9 Total Cylinders Register 

The TOTAL CYLINDERS register stores a 16-bit 
value specifying the total number of cylinders forthe 
Translate Address command. 

3.1.10 Logical Address Register 

The LOGICAL ADDRESS register stores the 32-bit 
logical address to be translated by the Translate 
Address command. 

3.1.11 Sector Number Register 

The SECTOR NUMBER register will contain the 
resulting physical sector number following a Trans
late Address command. 

3.1.12 Head Number Register 

The HEAD NUMBER register contains the resulting 
head number following a Translate Address com
mand. 

If the host desires the 33C93B to compensate for 
spare sectors on the disk, this register should con
tain the number of spare sectors per cylinder prior 
to issuing the Translate Address command. A 
value of zero indicates no compensation. With 
compensation, the maximum number of cylinders 
allowed is 4096, and the maximum number of 
heads is 15. 
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If the host desires the 33C93B to compensate for 
spare sectors on the disk, the Translate Address 
command expects this register to contain the num
ber of sectors per cylinder after allowing for the 
spares, i.e. (sectors/track * heads -
spares/cylinders). 

3.1.14 Target LUN Register 

The TARGET LUN register holds the Logical Unit 
Number (LUN) and other target status information 
during various 33C93B commands and sequences. 

The Select-and-Transfer commands use the con
tents of this register and the SOURCE 10 register 
to generate and check Identify messages. In addi
tion, these commands also store the returned 
status byte from the target in this register. For 
proper operation of the Select-and-Transfer com
mands, the host should not set the TLV bit in this 
register. 

In advanced mode, the Select-and-Transfer com- -
mands, in the event of an unexpected reselection, _ 
place the logical unit number (TRN=O) or the target 
routine number (TRN=1) of a reselecting target in 
this register. The TLV and DOK bits will be zero. 

The WaiHor-Select-and-Receive command places 
a copy of a received Identify message in this 
register. If the TLV bit is zero, the initiator did not 
send a valid Identify message. If the TLV bit is one, 
the initiator sent a valid Identify message, and the 
DOK bit will then indicate whether or not the initiator 
has enabled disconnects. The Wait-for-Select
and-Receive command will accept an Identify mes
sage with the TRN bit set only if the host issues the 
command with the SBT bit in the COMMAND 
register set. 

The Reselect-and-Transfer commands use only the 
LUN portion and the TRN bit of this register to 
generate the Identify message. The TLV and DOK 
bits are not used. 

3.1.13 Cylinder Number Register ~-~-~-~--~-------~ 

The CYLINDER NUMBER register contains a 16- ~-,7~~_6"--t--'O.5--J.-t--...:.4-+---".3-+1~2'--1-1~1--+1~0:..-...j1 
bit val ue specifying the resu Iting cylinder number LT.:.:L~V~D::..:O:::.K:..:.LT.:.:R~N:...:..J...---=::.0---L.---=::.0---L.--.:T~L2::::....J.-.:T~L:..:.1....l-...:T~L=.J0 
following a Translate Address command. 
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3.1.15 Command Phase Register 

The COMMAND PHASE register indicates which 
phases of a combination command have com
pleted. Thus, if the command has terminated ab
normally, the processor can read this register to 
determine the cause of the termination and decide 
how to respond to it. 

When resuming a combination command, the con
tents of this register specify from which point to 
restart the command. Refer to the description of 
the specific commands for details regarding the 
various command phases and resume values. 

3.1.16 Synchronous Transfer Register 

The contents of the SYNCHRONOUS TRANSFER 
register specify the maximum transfer rate and the 
transfer mode for a SCSI data phase. 

For information phases other than a Data phase or 
when the selected offset is zero (OF3= 
OF2=OF1 =OFO=O), the 33C93B performs 
asynchronous transfers. A non-zero offset value, 
which should be twelve or less, selects 
synchronous data transfers and determines 
the effective FIFO depth. This value is typically 
determined through negotiation (as defined in the 
SCSI standard) with the other SCSI device. 

The Transfer Period control bits select the minimum 
transfer period for both synchronous and 
asynchronous SCSI data transfers and, in WD-Bus 
mode, the transfer period and the width of the 
RE-/WE- strobes for host transfers; for non-data 
transfers, the transfer period defaults to six periods. 
The period is defined in terms of the internal clock 
cycle time, which depends upon the input clock, the 
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set to 4. Setting this bit enables Fast SCSI trans
fers, doubling the maximum transfer rate for 
synchronous transfers. For example, with a 20 
MHz input clock and a transfer period of 2, the 
normal maximum transfer rate (FSS=O) would be 5 
MB/s; the Fast SCSI transfer rate (FSS=1) 
would be twice this value or 10 MB/s. The FSS bit 
does not affect the rate of asynchronous transfers. 

Bit 0-3 OFx • OFFSET 

3 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

The OFFSET bits specifies the desired 
offset according to the following table: 

2 1 0 SELECTED OFFSET 

0 0 0 0* 

0 0 1 1 

0 1 0 2 

0 1 1 3 

1 0 0 4 

1 0 1 5 

1 1 0 6 

1 1 1 7 

0 0 0 8 

0 0 1 9 

0 1 0 10 

0 1 1 11 

1 0 0 12 

1 0 1 Undefined 

1 1 X Undefined 

divisor selected in the OWN 10 register, and the * Asynchronous data phase transfers. 
setting of the FSS bit. 

The FSS bit has effect only when operating with an 
input clock frequency of 16-20 MHz, i.e. the divisor 
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Bit 4-6 TPx - TRANSFER PERIOD 

6 

The TRANSFER PERIOD bits select the 
desired desired transfer period according 
to the following table: 

5 4 SCSIIWD-BUS 
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(SCSI REQ/ACK Synchronous Pulse Width 
TRANSFER PERIOD and WD-BUS RE-IWE- Pulse Width 

0 0 X 8 cycles (4 cyclest 

0 1 0 2 cycles (1 cycle) 

0 1 1 3 cydes .(1 cyelet 
1 0 0 4 cydes (2 cycles) 

1 0 1 5 cycles (3 cycles) 

1 1 0 6 cycles (4 cycles) 

1 1 1 7 cycles (4 cycles) 
The 'cycle' referred to above IS the penod of the Internal data transfer clock. For asynchronous transfers 
or for synchronoas transfer when the input clock frequency is less than 16 MHz, it is calculated as follows: 

DIVISOR (from OWN 10) 
CYCLE (Il s) = 

2 • INPUT CLOCK FREQUENCY (MHz) 

For synchronous transfers when the input clock frequency is 16 MHz or greater, the cycle time is calculated 
as follows: 

2 
CYCLE (Il s) = 

(FSS+ 1) • INPUT CLOCK FREQUENCY (MHz) 

Bit 7 FSS - FAST SCSI SELECT 
The FAST SCSI SELECT bit under the 
conditions mentioned above enables the 
doubling of the internal clock frequency 
resulting in a synchronous transfer rate up 
to 10 MB/s. 

3.1.17 Transfer Count Register 

The TRANSFER COUNT register, a 24-bit register, 
stores a preset value for the internal transfer 
counter. A Send, Receive, or Transfer Info com
mand causes the 33C93B to load this preset value 
into the internal transfer counter, which then decre
ments as each data byte is transferred over the 
SCSI bus and causes a "successful completion" 
interrupt when it reaches zero. 

Loading the TRANSFER COUNT register with 
zeros prior to issuing these command or issuing the 
command with the SINGLE-BYTE TRANSFER bit 
set in the COMMAND register disables the counter 
function. If the counter is disabled, the Send, 
Receive, or Transfer Info command will complete 
when a single byte has been transferred. 

In combination commands, this register specifies 
the number of bytes to be transferred during a Data 
phase. A zero value indicates the lack of a Data 
phase. 

After the completion of any successful transfer, 
including commands issued in Single Byte Transfer 
mode, the TRANSFER COUNT register will be 
zero. 
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When a transfer halts because of an error condition, 
a SCSI bus phase change, or an abort, the 
TRANSFER COUNT register will contain the num
ber of bytes NOT successfully transferred over the 
SCSI bus, including any bytes present in the FIFO 
at the time of the interruption. The FIFO clearing 
process may cause the TRANSFER COUNT 
register to differ with the host DMA controller count, 
because some bytes may have been transferred 
into the FIFO but not to the SCSI bus. 

3.1.18 Destination 10 Register 

The DESTINATION 10 register stores the encoded 
SCSI bus 10 of the device to be selected or 
reselected when a Select or Reselect command is 
issued. This register also contains control bits that 
affect the operation of certain combination com
mands. 

Bit 2-0 Dlx - DESTINATION 10 
Destination 10 bits 2-0 specify which SCSI 
device to select or reselect. 

Bit 3-4 TGx - TAG MESSAGE 

4 
0 

0 
1 
1 

The TAG MESSAGE bits select which tag 
message code to send during Select-and
Transfer and identify which tag message 
code was received by the Wait-for-Select
and-Receive command. In addition, the 
Reselect-and-Transfer commands send a 
Simple-Queue Tag message following the 
Identify message if either of these bits are 
set. 

3 MESSAGE RECEIVED OR SENT 
0 No Message 

1 SIMPLE QUEUE TAG (20H) 

0 HEAD OF QUEUE TAG (21 H) 
1 ORDERED QUEUE TAG (22H) 

Bit 5 OF -DISABLE FEATURE 
DISABLE FEATURE, when set, disables 
Data phase direction checking in ad
vanced mode and inhibits the normally 
automatic link from Send-Status-and-Com
mand-Complete to the command fetch 
portion of Wait-for-Select-and-Receive 
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when a Linked-Command-Complete mes
sage is sent. 

Bit 6 DPD - DATA PHASE DIRECTION 
DATA PHASE DIRECTION, when ad
vanced features are enabled (see 4.3.1), 
specifies the expected direction of the 
SCSI Data phase of a Select-and-Trans
fer command. When this bit is zero, the 
expected direction is out (to the target), 
and when this bit is one, the expected 
direction is in (from the target). An unex
pected data phase error will occur if the 
actual direction does not match the setting 
of this bit. 

Bit 7 SCC - SELECT COMMAND CHAIN 
SELECT COMMAND CHAIN selects 
which command will follow a Reselect
and-Transfer command when chaining is 
enabled (EDI=1). When this bit is zero, a 
Send-Status-and-Command-Complete 
command will follow; when this bit is one, 
a Send-Disconnect-Message command 
follows. 

3.1.19 Source 10 Register 

The SOU RCE 10 register is used to report the SCSI 
bus 10 of the device that has selected or reselected 
the 33C93B. It also contains bits that enable and 
control response to selection and reselection. 

I :R I E6S I D~P I ~ I S~V I s~21 S~1 I S~O I 
Bit 2-0 Six - SOURCE 10 

SOURCE 10 Bits 2-0, valid only if the SIV 
bit is set, indicate the SCSI bus 10 of the 
device that selected or reselected the 
33C93B. 

Bit 3 SIV - SOURCE 10 VALID 
SOURCE 10 VALID is set to one when the 
33C93B is selected or reselected and the 
other SCSI bus device asserted its own 
bus 10 bit during the Selection/Reselec
tion phase. This bit is zero if only the 
bus 10 bit of the 33C93B was asserted. 

Bit 5 DSP DISABLE SELECT PARITY 
DISABLE SELECT PARITY, when set, 
causes the 33C93B to ignore the bus 
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parity when responding to selection or 
reselection. 

Bit 6 ES - ENABLE SELECTION 
ENABLE SELECTION, when set, allows 
the 33C93B to respond to selection by 
another device on the SCSI bus. 

Bit 7 ER - ENABLE RESELECTION 
ENABLE RESELECTION, when set, al
lows the 33C93B to respond to re
selection by another device on the SCSI 
bus. 

3.1.20 SCSI Status,Register 

The SCSI STATUS register, a read-only register, 
holds a value which indicates the cause of the most 
recent INTRO assertion. The 33C93B asserts 
INTRO whenever a condition occurs that requires 
intervention by the host. For example, 

STATUS CODE 
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- the 33C93B has been reset; 
- the command completed successfully; 
- the bus phase changed; 
- an error occurred. 

After assertion of INTRO, the contents of this 
register will not change until the host reads the 
register or until the 33C93B has been reset. 

Bit 0-3 SSx - SCSI STATUS 
SCSI STATUS bits 0-3 are status 
qualifiers with meanings that depend upon 
the upper(4-7) status bits. 

Bit 4-7 SSx - SCSI STATUS 
SCSI STATUS bits 4-7 define the type of 
interrupt that occurred. The following 
table describes the various types: 

GROUP MEANING 

0000 xxxx The 33C93B is in a reset state. 

0001 xxxx A 33C93B command has completed successfully. 

0010 xxxx A 33C93B command has paused or was aborted. 

0100 xxxx A 33C93B command has been terminated prematurely 
due to an error or other unexpected condition. 

1000 xxxx An event on the SCSI bus requires service. 

All other Status Code groups are currently not used and are reserved for future use. 
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In the following tables, the 'STATE' column indi
cates the state---Oisconnected, Target, or Initiator
--from which the Status Code can occur. The MCI 
field refers to the signals that define a SC~bus 
information transfer phase: MSG, CIO, and 1/0. A 
bit set to one indicates that the signal is asserted 
on the SCSI bus; a zero indicates negation. When
ever one of these Status Codes occurs, the REO 
signal is asserted on the SCSI bus. The table on the 
right summarizes the meaning of the MCI field: 

MCICODE 

000 

001 
010 

011 
100 

101 

110 

MEANING 
Data Out phase 
Data In phase 

Command phase 

Status phase 

Unspecified Info Out phase 
Unspecified Info In phase 

Message Out phase 
111 Message In phase 

STATUS CODE STATE SPECIFIC MEANING 
0000 0000 OTI 33C93 Reset. The device has been hard reset, or a 

Reset command has executed successfully with no ad-
vanced features enabled. The new state of the 33C938 
is disconnected. 

0000 0001 OTI 33C93B Reset. The device has successfully completed 
a Reset command with advanced features enabled. The 
new state of the 33C938 is disconnected. 

TABLE 3·2. RESET STATE INTERRUPTS 

STATUS CODE STATE SPECIFIC MEANING 
0001 0000 0 A Reselect command completed successfully. The new 

state of the 33C93B is connected as a tarQet. 
0001 0001 0 A Select command completed successfully. The new 

state of the 33C93B is connected as an initiator. 
0001 0010 - Reserved for future use. 
0001 0011 T A Receive, Send, Reselect-and-Transfer, Wait- for-Select-

and-Receive, Send-Status-and-Command-Complete, or 
. Send-Disconnect-Message command completed success-
fully (ATN is not asserted). 

0001 0100 T A Receive, Send, Reselect-and-Transfer, Wait-for-Select-
and-Receive, or Send-Status-and- Command-Complete 
command completed successfullv (ATN is asserted). 

0001 0101 OT A Translate Address command completed successfullv. 
0001 0110 I A Select-and-Transfer command completed successfullv. 
0001 0111 - Reserved for future use. 
0001 1MCI I A Transfer Info (non-Message-In phase) command com-

pleted successfully. MCI defines the new information 
type (SCSI bus phase) requested. 

TABLE 3·3. SUCCESSFUL COMPLETION INTERRUPTS 
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STATUS CODE STATE SPECIFIC MEANING 
0010 0000 I A Transfer Info (Message In phase) command has paused 

with ACK asserted, giving the host the opportunity to 
reject the message. 

0010 0001 I A Save-Data-Pointer message was received during a 
Select-and-Transfer command. The host should save its 
current data buffer pointer. 

0010 0010 D A Select, Reselect, or Wait-for-Select-and-Receive com-
mand aborted. 

0010 0011 T A Receive or Send command aborted, or a Wait-for-
Select-and-Receive detected an error in the Identify mes-
sage. (ATN is not asserted). 

0010 0100 T A command aborted or halted due to assertion of ATN, or 
a Wait-for-Select-and-Receive detected an error in the 
Identify message. (ATN is asserted). 

0010 0101 T A transfer has aborted because of a violation of the data 
transfer protocol, possibly corruptinQ the data. 

0010 0110 I An I/O process with a queue tag which does not match 
the value in the QUEUE TAG register reselected the 
33C938. ACK has been left asserted. 

0010 0111 I A target whose SCSI bus ID does not match the ID in the II 
DESTINATION ID register reselected the 33C938 or the 
following Identify message did not match the LUN in the 
TARGET LUN register. ACK has been left asserted follow-
ing the Identify message, and the bus ID and LUN of the 
reselecting target are available in the SOURCE ID and 
TARGET LUN registers. This status only occurs when ex-
ecuting a Select-and-Transfer in advanced mode. 

0010 1MCI - Reserved for future use. 

TABLE 3-4. PAUSED OR ABORTED INTERRUPTS 
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STATUS CODE STATE SPECIFIC MEANING 
0100 0000 DTI An invalid command was issued. 

0100 0001 TI An unexpected disconnect occurred. The new state of 
the 33C93B is disconnected. 

0100 0010 D A timeout occurred during a Select or Reselect command. 
The state of the 33C93B is disconnected. 

0100 0011 TI A parity error caused a command to terminate (ATN is not 
asserted). The transfer direction determines whether it is 
a SCSI or host parity error. 

0100 0100 T A parity error caused a command to terminate (ATN is as-
serted). The transfer direction determines whether it is a 
SCSI or host parity error. 

0100 0101 DT A Translate Address command did not complete success-
fully. The LOQical Address exceeded the disk boundaries. 

0100 0110 I A target whose SCSI bus device ID does not match the 
bus ID set in the DESTINATION ID register has 
reselected the 33C93B during a Select-and-Transfer com-
mand. This interrupt occurs when the 33C93B is not in ad-
vanced mode. The state of the 33C93B is connected as 
an initiator. 

0100 0111 I A status byte with a parity error was received during 
Select-and-Transfer. 

0100 1MCI I An unexpected information phase was requested. MCI 
defines the SCSI bus phase requested. This interrupt typi-
cally occurs when the phase changes before the Transfer 
Count reaches zero during a Transfer Info command or 
when an unexpected phase sequence occurs during a 
Select-and-Transfer command. 

TABLE 3-5. TERMINATED INTERRUPTS 
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STATUS CODE STATE SPECIFIC MEANING 
1000 0000 0 The 33C93B has been reselected. The new state of the 

33C93B is connected as an initiator. 

1000 0001 0 The 33C93B has been res elected in advanced mode. 
The Identify message from the target must be read from 
the DATA register. The ACK signal is asserted. The new 
state of the 33C93B is connected as an initiator. 

1000 0010 0 The 33C93B has been selected (ATN was not asserted). 
The new state of the 33C93B is connected as a target. 

1000 0011 0 The 33C93B has been selected (ATN was asserted). The 
new state of the 33C93B is connected as a target. 

1000 0100 T The ATN- signal has been asserted. 

1000 0101 TI The target has disconnected. The new state of the 
33C93B is disconnected. 

1000 0110 - Reserved for future use. 
1000 0111 T The Wait-for-Select-and-Receive command has paused 

because the first byte of the incoming COB is not of a 
known command group. The host can examine the CDB1 
register to determine from the opcode the number of com-
mand bytes expected. The new state of the 
33C93B is connected as a target. (Advanced 
mode only) 

1000 1MCI I The REQ signal has been asserted while the 33C93B 
was in an idle initiator state. The information phase type 
should be examined. MCI defines the information phase 
I (SCSI bus phase) requested. 

TABLE 3-6. SERVICE REQUIRED INTERRUPTS 

3.1.21 Command Register 

The COMMAND register is used to issue the 
33C93B commands. The host should never write 
to this register when the CIP or INT bits (in 
AUXILIARY STATUS) are set and should never 
issue a Level II command when the BSY bit is set. 

The SINGLE-BYTE TRANSFER (SBT) bit in the 
COMMAND register affects the information transfer 
commands by disabling the TRANSFER COUNT 
register and specifying that only one byte is to be 
transferred. The previous contents of the TRANS
FER COUNT register are not preserved. 

The SBT bit also affects the Wait-for-Select-and
Receive command. Normally, this command does 

not accept as valid an Identify message with the 
LUNTAR bit (bit 5) set, which occurs when the 
initiator wishes to communicate with a target 
routine. Issuing the command with the SBT bit set 
allows it to accept an Identify message for a target 
routine. 

Refer to the COMMANDS section for a description 
of the commands and their corresponding com
mand codes. 
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3.1.22 Data Register 

The DATA register provides an interface between 
the internal twelve byte FIFO and the host. During 
any type of information phase, the host may access 
this register with the processor, and during a SCSI 
Data phase, the host may also access this 
register through the DMAIWD interface. 

The processor, except in one case, should only 
access the DATA register when the DBR bit in the 
AUXILIARY STATUS register is true. The excep
tion occurs when the 33C93B is reselected while 
operating in advanced mode: the processor must 
retrieve the Identify message from the target by 
reading the DATA register. 

The FFE bit in the AUXILIARY STATUS register 
enables the host to avoid polling DBR in some 
cases. This bit, when the host writes to the FIFO, 
acts as a FIFO empty indicator; thus, when set, the 
host can safely write up to eleven bytes to the FIFO 
without polling for DBR between each write. 
Similarly, when the transfer direction is to the host, 
the FFE bit indicates the FI FO full condition, and the 
processor can safely read twelve bytes from the 
FIFO without checking for DBR before each read. 
In both cases, the host should consider the FFE bit 
valid only when DBR is set. 

Two exceptions do exist, however, both when writ
ing to the DATA register. First, after the initial setting 
of the FFE and DBR bits in response to a Transfer 
Info or Send command, the host may write twelve 
bytes to the FIFO without causing a FIFO overrun. 
Second, because the 33C93B splits a Transfer Info 
command into two separate transfers when 
responding to a message out phase, the host must 
not write the last message byte to the DATA register 
until the 33C93B specifically requests that byte. 
For instance, if the host wishes to send a (five-byte) 
Synchronous Data Transfer Request message, the 
first set of writes should contain only the first four 
bytes of the message. The host must then poll for 
DBR before writing the final byte. 

The processor normally should not access the 
DATA register during a Data phase unless the host 
has selected polled 110 mode by setting all of the 
DMA MODE SELECT bits in the CONTROL register 
to zero. In exceptional cases, such as aborting a 
transfer, the host may wish to switch to polled 1/0 
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accesses. In this case, the processor may access 
the DATA register but must guarantee that the DMA 
interface is inactive, i.e. DACK inactive in the 
DMA and Burst DMA modes and RCS deasserted 
in WD Bus mode. 

3.1.23 Queue Tag Register 

The QUEUE TAG register holds the second byte of 
the Tag messages associated with the Select-and
Transfer, Reselect-and-Transfer, and Wait-for
Select-and-Receive commands. 

The Select-and-Transfer and Reselect-and-Trans
fer commands send the contents of this register as 
the second byte of the Tag message during the Tag 
message out phase. 

The Select-and-Transfer and Wait-for-Select-and
Receive commands place the received queue tag 
byte into this register during the Tag message in 
phase. The Select-and-Transfer commands, fur
thermore, compare the received byte with the pre
vious contents of the register and generate an 
interrupt in the case of a mismatch. 

3.2 RESET CONDITIONS 

3.2.1 Hardware Reset 

A hard reset, caused by assertion of the MR signal, 
will result in the following conditions: 

- The AUXILIARY STATUS register is reset to 
zero. The INT bit (and the INTRQ pin) is set to 
one when the hardware reset completes. 

- The OWN 10 register is reset to zero. 

- Advanced mode is disabled. 

- The ES, ER, and DSP bits in the SOURCE 10 
register are reset to zero. 

- The SCSI STATUS register is reset to zero. 

- The internal FIFO, internal transfer counter 
(not the host accessible register), offsets, and 
state machines are cleared. 

- The internal clock divider circuit is set to divide 
by two. 
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The hard reset does NOT affect the following host 
accessible registers: 

- Registers 01 hex through 15 hex; 

- SOURCE ID (16 hex) register bits 0-3; 

- COMMAND register (18 hex); 

NOTE: The SCSI Soft Reset may be implemented 
by using the SCSI bus reset signal to reset the 
33C93B (for example, OR the host power on reset 
signal with the received SCSI bus reset (RST) 
signal). The host may examine the registers that 
are not affected by the MR signal to recover from 
the SCSI reset condition. 

3.2.2 Software Reset 
A soft reset, caused by executing the Reset com
mand, will result in the following conditions: 

- The DBR bit in the AUXILIARY STATUS 
register is reset to zero. The INT bit (and 
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INTRQ pin) is set to one when the Reset 
command is complete. 

- All SCSI bus signals are reset to the negated 
state. 

- The internal FIFO, internal transfer counter 
(not the host accessible register), offsets, and 
state machines are cleared. 

- The OWN ID register is interpreted and the 
clock divisor, host parity, and operating mode 
are configured. 

- Registers 01 hex through 16 hex are reset to 
zero. The COMMAND register (18 hex) is also 
reset to zero. 

- The SCSI STATUS register is set as 
commanded by the EAF bit in the OWN ID 
register. 
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4.0 COMMANDS 
4.1 COMMAND LIST 

COMMAND COMMAND 
CODE 
(HEX) 

00 Reset 

01 Abort 

02 AssertATN 
03 NegateACK 

04 Disconnect 

05 Reselect 

06 Select-with-ATN 

07 Select-without-ATN 

08 Select-with-ATN-and-Transfer 

09 Select-without-ATN-and-Transfer 

OA Reselect-and-Receive-Data 

OB Reselect -and-Send-Data 

OC Wait-for-Select-and-Receive 

OD Send-Status-and-Command-Complete 
OE Send-Disconnect-Message 

OF Set IDI 

10 Receive Command 
11 Receive Data 

12 Receive MessaQe Out 
13 Receive Unspecified Info Out 
14 Send Status 
15 Send Data 
16 Send Message In 

17 Send Unspecified Info In 

18 Translate Address 

20 Transfer Info 

33C93B States' 
D = Disconnected 
T = Connected as a target 
I = Connected as an initiator 

Command Levels: 
I = Level I command 
II = Level II command 

TABLE 4-1. COMMAND LIST 
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VALID LEVEL 

D, T, I I 

D,T I 

I I 
I I 

T, I I 

D II 
D II 
D II 

D, I II 

D, I II 

D T II 

D T II 

D,T II 

T II 
T II 

D, T, I I 

T II 
T II 

T II 

T II 
T II 
T II 
T II 
T II 

D,T II 

I II 
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4.2 33C938 COMMAND TYPES 

The 33C93B command set consists of two types of 
commands: Levell and Level II commands. Level 
I commands, except for the Reset and Abort com
mands, do not generate interrupts upon their com
pletion; Level II commands always terminate with 
an interrupt. The host may issue a Level I com
mand while a Level II command is executing. Issu
ing a Level II command while another Level II 
command is executing will cause unpredictable 
behavior of the part. 

The 33C93B operates in one of three "states" at any 
one time: disconnected, connected as a target, or 
connected as an initiator. In each state, the 
33C93B recognizes only certain commands as 
valid, as indicated in the command list above. An 
attempt to issue a Level II command invalid for the 
present 33C93B state will cause an "invalid com
mand" interrupt. Level I commands issued in in
valid states will be ignored. 

There are two types of Levell! commands. 'Simple' 
Level II commands perform a single operation (e.g. 
selection) or single phase (e.g. Command phase). 
'Combination' Level II commands combine multiple 
phases into a single 33C93B command to minimize 
interrupt overhead. 

The initiator combination commands expect the 
target to follow common SCSI bus phase sequen
ces. Any deviation causes an interrupt. 

The EDI and 101 bits in the CONTROL register and 
the SCC bit in the DESTINATION 10 register enable 
and control chaining of target combinations com
mand. Linking commands further decreases inter
rupt overhead by creating longer phase sequences. 
When using command chaining, the host must ini
tialize all commands in the chain prior to starting the 
sequence. 

4.3 33C938 SPECIFIC FEATURES 

The 33C93B incorporates two sets of features, both 
of which cause it to be incompatible with the original 
33C93 design and one which causes it to be incom
patible with the 33C93A device. Both the 33C93A 
and 33C93B implement the 'advanced mode' fea
tures. Both devices, moreover, implement two fea
tures included in the 'really advanced' set of 
functions; however, in this mode, the 33C93B also 
generates additional interrupts, described below, 
making it incompatible with the 33C93A. 
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Upon completion of a hardware reset, both sets of 
features are disabled. The host enables them by 
soft resetting the 33C93B with the EAF and RAF 
bits in the OWN 10 register set appropriately. An 
advanced mode reset results in a 01 hex being 
loaded into the SCSI STATUS register instead of 
the 00 hex which normally results from a reset. This 
difference gives the host a method to deduce that 
a 33C93B is installed as opposed to a 33C93. 

4.3.1 Advanced Mode Features 

Unexpected Reselection: 
When in normal (33C93) mode, a reselection when 
idle (ER=1) or a reselection during a Select-and
Transfer command by an target whose 10 does not 
match the one in the DESTINATION 10 register 
causes an interrupt immediately after the reselec
tion handshake finishes. In advanced mode, the 
33C93B will continue to the Message In phase to 
fetch the Identify message. If the 33C93B was idle, 
the SCSI STATUS register will be set to 81 hex, and .. 
the Identify message will be in the DATA register. 
If the 33C93B was executing a Select-and-Transfer 
command, the SCSI STATUS register will be set to 
27 hex, and the logical unit number will be in the 
TARGET LUN register. In both cases, the 
SOURCE 10 register will contain the SCSI bus 10 
of the reselecting target, and the ACK signal 
remains asserted so that the Identify message may 
be rejected if desired. 

Any message other than a valid Identify message 
will result in an unexpected message in phase in
terrupt. If the unexpected reselection occurs during 
a Select-and-Transfer command, a parity error will 
cause an unexpected message in phase interrupt 
only if the halt-on-SCSI-parity-error feature is 
enabled. If reselected from an idle state, the 
33C93B will halt on a parity error regardless of the 
setting of the HSP bit. The host can retrieve the 
byte with the Transfer Info command. 

Unknown SCSI Command Groups: 
The length of a SCSI Command Descriptor Block 
is determined by the group code, found in bits 7-5 
of the first command byte. The SCSI standard 
(X3 .131-1986) defines Group 0 (opcodes 00 to 1 F 
hex), group 1 (opcodes 20 to 3F hex), and group 5 
(opcodes AO to BF hex) commands respectively as 
six, ten, and twelve byte commands. All other 
command groups are undefined by that standard. 
In normal mode, the 33C93B assumes a length of 
six bytes for these undefined groups when execut
ing a Select-and-Transfer or Wait-for-Select-and-
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Receive command. In advanced mode, the 
33C93B behaves as follows: 

- Select-and-Transfer: When sending a 
command from an unknown group, the host 
must load the expected command 
length into the COB SIZE register before 
issuing the Select-and-Transfer. The 33C93B 
uses this value to make sure the correct 
number of bytes are transferred in the 
Command phase. 

- Wait-for-Select-and-Receive: When receiving 
the COB from the initiator, the 33C93B 
examines the first COB byte to 
determine the command group. An undefined 
group results in an interrupt with the SCSI 
STATUS register set to 87 hex and the 
COMMAND PHASE register set to 31 hex. 
The host may examine the byte, available in 
the COB 1 ST register, to determine the TOTAL 
command length, which it then places into the 
COB SIZE register, before resuming the 
Wait-for-Select-and-Receive command. 

After this interrupt, the 33C93B will only accept 
a Resume Wait-for-Select-and-Receive, 
Abort, Disconnect, or Reset command. All 
other commands are invalid. While the host 
processes the interrupt, the 33C93B continues 
to transfer the first six bytes of the SCSI 
command into its internal FIFO. 

Data Phase Direction: 
Normally during a Select-and-Transfer command, 
the target solely determines the direction of the 
Data phase. The 33C93B will not detect a mis
match between this direction and the one expected 
by the host and will proceed with the transfer. In 
advanced mode, the 33C93B compares the DPD 
bit in the DESTINATION 10 register with the state 
of the 1/0- signal on the SCSI bus. If the expected 
and actual directions do not match, an interrupt will 
occur with an 'unexpected phase' status in the SCSI 
STATUS register. Setting the OF bit in the DES
TINATION 10 register disables this feature. 
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Microcode Revision: 
The 33C93B will load the revision number of the 
microcode into the CDB1 register during the reset 
sequence when really advanced features are 
enabled. 

Immediate Halt: 
The 33C93B normally checks for parity errors 
during a synchronous transfer and for the attention 
condition during both asynchronous and 
synchronous transfer on 4096-byte boundaries. 
With really advanced features enabled, the 33C93B 
continuously checks for these conditions and upon 
detecting one issues an Abort command. 

Protocol Error: 
The 33C93B, if it detects a possible transfer corrup
tion caused by noise on the REQ- and ACK- sig
nals, will abort a Send or Receive command and 
generate a 25 hex interrupt. The detection scheme 
can not catch all possible failures due to the nature 
of the SCSI transfer protocols; however, this feature 
does provide some protection against data integrity 
faults. 

Unexpected Bus Free Interrupts: 
The 33C93B will generate either an 85 hex interrupt 
or a 41 hex interrupt in the event that a glitch on the 
SEL- signal causes the device to disconnect from 
the SCSI bus. 

4.4 LEVEL I COMMANDS 

4.4.1 Reset (00 hex) 

The Reset command initializes the 33C93B accord
ing to the contents of the OWN 10 register and as 
described in the RESET CONDITIONS section. 
The host may issue the Reset command while in 
any state, forcing the 33C93B into a disconnected 
state; any command executing at that time will 
terminate. Upon completion of the Reset com
mand, the 33C93B will generate an interrupt with 
the SCSI STATUS register containing a 00 hex or a 
01 hex depending upon the contents of the OWN 
10 register at the time of the reset. 
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4.4.2 Abort (01 hex) 

The Abort command is valid in the disconnected 
and connected-as-a-target states. The Abort com
mand has different effects depending on the current 
state and the command that is currently executing, 
as described below: 

- Disconnected State: In this state, the Abort 
command will halt a selection or reselection 
attempt of a Select, Select-and-Transfer, 
Reselect, or Reselect-and-Transfer command 
or will halt the Wait-for-Select-and-Receive 
command before selection. Aborting a 
selection or reselection attempt before the 
33C93B has won arbitration immediately 
returns the 33C93B to an idle state and 
generates a "paused/aborted" interrupt. If the 
33C93B has already won arbitration, the Abort 
command causes the 33C93B to remove the 
Bus 10 bits from th~CSI bus while 
maintaining assertion of SEL. If the target does 
not respond within at least 200 I-IS by asserting 
BSY-, the 33C93B will go to a Bus Free 
condition and generate a "paused/ aborted" 
interrupt. If the target does respond within this 
time period, a "successful completion" 
interrupt will result instead. 

The Abort command, in addition, will terminate 
a Select- and-Transfer command if the target 
has disconnected from the bus. The 33C93B 
will generate an 85 hex interrupt and will be in 
the Disconnected state. If the target is still 
connected at the time the Abort command is 
recognized, the command will be ignored. 

- Target State: In this state, the Abort command 
will terminate a Receive or Send command or 
the Data phase portion of a Reselect
and-Transfer command. The following rules 
apply when issuing an Abort: 

- During a Send or Reselect-and-Send 
command, the 33C93B removes the data 
request (DRQ-, DBR, etc.) at an arbitrary 
time during the abort procedure. The host 
must NOT service any data request once it 
has written the Abort command to the 
COMMAND register until the 33C93B 
generates an interrupt. Abort processing 
will not complete until the contents of the 
FIFO are flushed to the SCSI bus. 

- During a Receive or Reselect-and-Receive 
command, the host must CONTINUE to 
service any data request from the 33C93B. 
Abort processing will not complete until the 
contents of the FIFO are flushed to the host. 
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After completion of the Abort command, the 
TRANSFER COUNT register contains the 
number of bytes that were not transferred 
across the SCSI bus. The 33C93B remains in 
the connected-as-a-target state and will accept 
any target mode command, including a resume 
of the aborted command. 

4.4.3 Disconnect (04 hex) 

The Disconnect command, valid in the initiator and 
target states, immediately terminates an active 
Level II command, causes the immediate release 
of all bus signals, and returns the 33C93B to a 
disconnected state. In the target role, the Discon
nect command is the normal procedure for discon
necting from the SCSI bus following the information 
transfer phase. In the initiator role, this command 
can be used to release the bus following a timeout 
condition. 

4.4.4 Assert ATN (02 hex) 

The Assert ATN command, valid only when con
nected as an initiator, allows the initiator to inform 
the target that it has a message pending. The 
target should respond with a Message Out 
Phase. ATN is automatically negated: 

- before the last byte of a Transfer Info command 
issued in response to the Message Out phase; 

- when the Identify message out is transferred 
to the target during a Select-and-Transfer 
command; 

- when a SCSI Bus Free phase occurs. 

The Select-with-ATN and Select-with-ATN-and
Transfer commands will cause the 33C93B to as
sert ATN automatically prior to the release of SEL. 

4.4.5 Negate ACK (03 hex) 

The Negate ACK command causes the 33C93B to 
release ACK which for some reason it has held 
active. Holding ACK active allows the host to 
respond to information it has just received before 
the target continues the current phase or proceeds 
to the next one. The 33C93B, therefore, does not 
negate ACK before generating an interrupt in the 
following cases: 

- after successful completion of a Message-In 
Transfer Info command; 
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- after detection of a parity error on any received 
SCSI information when the HALT on SCSI 
PARITY ERROR (HSP) bit is set; 

- after unexpected reselection in advanced 
mode; 

- after reception of a save-data-pointer message 
during a Select-and-Transfer command; 

- after reselection by a process with a queue tag 
which differs from the contents of the QUEUE 
TAG register; and 

- after reception of a status byte with a parity 
error during a Select-and-Transfer command. 

ACK negates automatically for all initiator transfers 
other than Message In transfers. Host parity errors, 
moreover, do not affect the ACK signal. 

Before completing a Message In phase, the in
itiator, upon examining the message, may decide 
to reject it and send a "MESSAGE REJECT" mes
sage to the target or, upon detecting a parity error 
in the message, may decide to send a "MESSAGE 
PARITY ERROR" message to the target. Similarly, 
if a parity error causes a transfer command to 
terminate, the initiator may wish to send an "IN
ITIATOR DETECTED ERROR" message to the 
target. In all cases, the initiator signals its intent to 
send a message by asserting ATN before issuing 
the Negate ACK command. 

4.4.6 Set 101 (OF hex) 

The Set 101 command provides support for over
lapped SCSI operations in the initiator role. The 
host may start a SCSI operation with the 101 bit 
reset, allowing the 33C93B to handle target discon
nects and reconnects and thus minimizing the in
terrupt handling overhead. When it wishes to start 
a second operation, the host issues the Set 101 
command so that if the current target disconnects 
and releases the SCSI bus, the 33C93B will 
produce an interrupt. The host may now start the 
second operation without having had to wait for the 
first operation to complete. 
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4.5 SIMPLE LEVEL" COMMANDS 

4.5.1 Select-with-ATN (06 hex) 

Select-with-ATN, valid only in the disconnected 
state, instructs the 33C93B to select a target. 
Before issuing this command, the host should write 
the SCSI Bus 10 of the target device into the DES
TINATION 10 register. The Select-with-ATN com
mand causes the 33C93B to begin bus arbitration. 
If another device selects or reselects the 33C93B 
during arbitration, the Select-with-ATN command 
aborts and a "service required" interrupt (ax hex) 
will occur. 

Should the 33C93B win the arbitration, it asserts 
SEL and ATN, places the target and initiator Bus 
IDs on the SCSI data bus, and then deasserts BSY. 
At this time, a timeout sequence begins, its length 
determined by the value in the TIMEOUT PERIOD 
register. If the target does not respond with BSY 
within the allotted time, the 33C93B begins a selec
tion abort sequence as described in the Abort com
mand description. If the target has not responded 
by the end of this sequence, the Select-with-ATN 
command terminates. If the target responds before 
the timeout period has elapsed or before the selec
tion abort sequence completes, the 33C93B 
negates the SEL signal, enters the connected-as
an-initiator state, and generates a "successful com
pletion" interrupt. 

A successful abort of Select-with-ATN, either 
through a timeout or through the Abort command, 
leaves the 33C93B disconnected from the SCSI 
bus and results in a "paused/aborted" interrupt. 

4.5.2 Select-without-ATN (07 hex) 

The Select-without-ATN command is identical to 
the Select-with- ATN command except that ATN is 
not set during the Selection Phase. 

4.5.3 Reselect (05 hex) 

The Reselect command is identical to the Select
without-ATN command except that the 1/0- signal 
is asserted upon completion of the Arbitration 
Phase. . Successful completion of the Reselect 
command results in the 33C93B being connected 
as a target. 
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4.5.4 Receive (10-13 hex) 

The four Receive commands---Receive Command, 
Receive Data, Receive Message Out, and Receive 
Unspecified Info Out---differ from each other only 
by the state of the C/O and MSG pins and the type 
of data that is transferred. These commands, valid 
only in the target role, correspond to those SCSI 
information phases where the I/O pins is not as
serted; the type of the Receive command selected 
determines the state of the C/O and MSG outputs 
according to the following chart (1 =asserted): 

RECEIVE COMMAND OP- MSG C/D I/O 
TYPE CODE 

Receive Command 10 0 1 0 
Receive Data 11 0 0 0 
Receive Message Out 12 1 1 0 

Receive Unspecified 13 1 0 0 
Info Out 

A Receive command will complete or terminate 
under any of the following conditions: 

- The host has read the specified number of 
bytes from the DATA register; 

- The 33C93B detects a parity error on one of 
the received data bytes when Halt
on-SCSI-Parity is enabled; 

- The 33C93B detects ATN when Halt-on-ATN 
is enabled; 

- The 33C93B detects a transfer protocol error; 

- The host aborts the Receive command; 

- The host issues a Disconnect command; or 

- The 33C93B resets because of a Reset 
command or assertion of MR. 

Any conclusion of a Receive command, except 
those due to a Disconnect command or a Reset, 
leaves the 33C93B in a connected-as-a-target state 
and the number of bytes not yet transferred in the 
TRANSFER COUNT register. 

In the case of a Receive Data command, the 
33C93B evaluates the contents of the 
SYNCHRONOUS TRANSFER register. Any offset 
other than zero selects synchronous transfers. The 
minimum transfer period applies to both 
synchronous and asynchronous transfers. The 
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33C93B also examines the CONTROL register to 
determine what mode of data transfer will occur on 
the host interface. 

In all other cases, asynchronous transfers occur on 
the SCSI bus, and polled I/O transfers occur on the 
host interface. 

4.5.5 Send (14-17 hex) 

The four Send commands---Send Status, Send 
Data, Send Message, and Send Unspecified Info-
-like the four Receive commands, differ from each 
other only by the state of the C/O and MSG pins and 
the type of data that is transferred. These com
mands, valid only in the connected-as-a-target 
state, correspond to those SCSI phases where the 
1/0- pin is asserted; the type of Send command 
selected determines the state of the C/O and MSG 
outputs according to the following chart (1 =as
serted): 

SEND COMMAND OP- MSG C/D I/O 
TYPE CODE 

Send Status 14 0 1 1 

Send Data 15 0 0 1 
Send Message In 16 1 1 1 

Send Unspecified 17 1 0 1 
Info Out 

A Send command will complete or terminate under 
any of the following conditions: 

- The initiator has acknowledged receipt of the 
specified number of bytes; 

The 33C93B detects a parity error on one of 
the received data bytes when Halt
on-Host-Parity is enabled; 

- The 33C93B detects ATN when Halt-on-ATN 
is enabled; 

- The 33C93B detects a transfer protocol error; 

- The host aborts the Receive command; 

- The host issues a Disconnect command; or 

- The 33C93B resets because of a Reset 
command or assertion of MR. 

Any conclusion of a Send command, except those 
due to a Disconnect command or a Reset, leaves 
the 33C93B in a connected-as-a-target state and 
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the number of bytes not yet transferred in the 
TRANSFER COUNT register. 

In the case of the Send Data command, the 33C93B 
evaluates the contents of the SYNCHRONOUS 
TRANSFER register. Any offset other than zero 
selects synchronous transfers. The minimum 
transfer period applies to both synchronous and 
asynchronous transfers. The 33C93B also ex
amines the CONTROL register to determine what 
mode of data transfer will occur on the host inter
face. 

In all other cases, asynchronous transfers occur on 
the SCSI bus, and polled I/O transfers occur on the 
host interface. 

4.5.6 Transfer Info (20 hex) 

The Transfer Info command allows the host to send 
and receive data, command, status, and message 
information when operating in the connected-as
an-initiator state. 

The first REO assertion following connection as an 
initiator results in a "service required" interrupt. The 
processor should examine the SCSI STATUS 
register to determine the type and direction of infor
mation transfer requested by the target, and then 
issue a Transfer Info command in response. The 
33C93B will also generate an interrupt each time 
the target device requests a new type of information 
transfer phase. 

The processor either should initialize the TRANS
FER COUNT register prior to issuing this command 
or issue the command with the SBT bit in the 
COMMAND register set. Also, if responding to a 
request for a Data phase, the processor should set 
the DMA mode select bits in the CONTROL register 
and specify the offset and transfer period in the 
SYNCHRONOUS TRANSFER register before 
issuing the Transfer Info command. 

Behavior of the DBR status bit during Transfer Info 
depends upon the direction of the transfer. When 
the bytes move from the initiator to the target, i.e. 
an out phase, the DBR bit is set whenever the FIFO 
can accept additional data from the host. When the 
transfer proceeds in the opposite direction, DBR set 
indicates that the FI FO contains data available for 
the host to read. 

The Transfer Info command normally terminates or 
pauses after the specified number of bytes has 
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been sent or received. For a non- Message-In 
transfer, the 33C93B will generate a "successful 
completion" interrupt after the target asserts REO 
to begin a new phase. For a message-in transfer, 
the 33C93B does not wait for the next phase but 
instead leaves ACK asserted and generates a 
"paused/aborted" interrupt. The processor can 
then assert ATN if it intends to reject the message 
before negating ACK. 

The Transfer Info command may terminate for a 
number of different reasons which are listed below: 

- The host issues a Disconnect command; 

- The 33C93Lresets in response to the 
assertion of MR or the Reset command; 

- The target negates the BSY signal; 

- The target unexpectedly changes phase, i.e. 
before the specified number of bytes have 
been transferred; or 

- The incoming data has a parity error and the 
corresponding halt-on-parity-error bit is set. 

The Disconnect command, the hard and soft resets, 
and the negation of BSY will leave the 33C93B in a 
idle, disconnected state, and in these cases, the 
value in the TRANSFER COUNT register will not 
accurately reflect the number of bytes that did not 
transfer across the SCSI interface. Except for the 
issuance of the Disconnect command, these occur
rences will result in an interrupt. 

The 33C93B checks for a parity error on each byte 
it receives; however, for synchronous transfers, the 
internal microcontroller will not·recognize an error 
until the transfer reaches a 4096- byte boundary. 
The response to the parity error, furthermore, 
depends upon the direction of the transfer. If the 
parity error occurs on received SCSI data. the 
33C93B will halt the SCSI interface, leaving ACK 
asserted to halt the target, and generate a "ter
minated" interrupt once the host has flushed any 
remaining bytes from the FIFO. Similarly, if the 
error occurs on data received on the host interface, 
the 33C93B will halt the host interface and generate 
a "terminated" interrupt after any bytes remaining 
in the FIFO are flushed to the SCSI bus; the ACK 
signal, however, will not remain asserted. In both 
cases, the TRANSFER COUNT register will indi
cate the number of bytes that did not successfully 
transfer to or from the target. 
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If it detects a parity error but the appropriate halt
on-parity-error bit is not set, the 33C93B will indi
cate the error by setting the PARITY ERROR bit in 
the AUXILIARY STATUS register but will not ter
minate the Transfer Info command. 

An unexpected phase change will cause a "ter
minated" interrupt, and as in the case of a parity 
error, the TRANSFER COUNT register contains the 
number of bytes yet to be transferred. If an unex
pected phase change occurs during a SCSI 
synchronous transfer, the host should test the 
PARITY ERROR bit in the AUXILIARY STATUS 
register, as the phase change most likely occurred 
before the internal microcontroller recognized the 
parity error. In the asynchrpnous case, the 33C93B 
stops on the byte with the error; therefore, it will 
always detect a parity error before a phase change 
in this mode. 

4.5.7 Translate Address (18 hex) 

The Translate Address Command performs a logi
cal-address to physical-address translation to 
facilitate processing of certain SCSI commands 
involving logical addresses up to 32 bits in 
length. To perform this mapping, the processor first 
loads the logical address into the LOGICAL AD
DRESS register, the disk parameters into the 
TOTAL CYLINDER NUMBER, TOTAL HEAD NUM
BER, and TOTAL SECTOR NUMBER registers, 
and zeros into the HEAD NUMBER and 
CYLINDER NUMBER registers. It then issues the 
Translate Address command, and upon receiving a 
"successful completion" interrupt, reads the 
CYLINDER NUMBER, HEAD NUMBER, and SEC
TOR NUMBER registers to obtain the logical ad
dress. 

The Translate Address command can also compen
sate for spare sectors. To use this feature, the host, 
instead of zeroing the HEAD NUMBER and 
CYLINDER NUMBER registers, should load the 
number of spare sectors per cylinder into the HEAD 
NUMBER register and the logical number of sectors 
per cylinder into the CYLINDER NUMBER register 
prior to issuing the command. 

An overflow during any calculation will result in a 
"terminated" interrupt. 
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4.6 COMBINATION LEVEL II COMMANDS 

4.6.1 Select-and-Transfer (08 and 09 hex) 

The Select-and-Transfer commands greatly reduce 
the host or local processor interrupt-handling bur
den by enabling the 33C93B's internal 
microprocessor to manage the low-level SCSI 
protocol. Use of these command may result in as 
few as one interrupt per SCSI operation. Select
and-Transfer commands, used when in an initiator 
role, typically consist of at least the following SCSI 
phases: an Arbitration phase, a Selection phase, a 
Command phase, a Status phase, and a Com
mand-Complete Message phase. These com
mands optionally include Data and additional 
Message In phases. 

The Select-and-Transfer commands expect the tar
get to follow a certain sequence of SCSI bus 
phases, and any deviation from this expected 
protocol results in a "terminated" interrupt. As the II 
different phases complete, the 33C93B updates the 
COMMAND PHASE register, so upon termination 
of the command, the host processor may examine 
this register to identify the cause of the termination 
and the state of the SCSI operation. 

The two Select-and-Transfer commands differ from 
each other only by whether or not the 33C93B 
asserts ATN pin during the Selection phase. The 
ability to assert ATN during Selection supports the 
SCSI message protocol which calls for an Identify 
Message Out phase following the selection. When 
executing a Select-with-ATN-and-Transfer com
mand, the 33C93B expects the target to request a 
Message Out phase immediately following selec
tion, whereas for a Select-without-ATN-and-Trans
fer command, it expects the target to begin the 
Command phase once selection completes. 

The 33C93B begins the Select-and-Transfer com
mand by arbitrating for the bus and selecting a 
target just as during a Select command. If the 
target does not respond before a timeout occurs, 
the Select-and-Transfer command halts and 
generates an interrupt. Failure to complete the 
Selection phase is also indicated by the fact that the 
COMMAND PHASE register contains all zeros. If 
the selection is successful, no interrupt is 
generated, and the COMMAND PHASE register 
will be set to a 10 hex. 

After completing the Selection phase, the 33C93B 
begins a Message Out phase if ATN has been 
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asserted or a Command phase if not. When the 
target requests a Message Out phase, the 33C93B 
responds by automatically sending an Identify mes
sage byte, which it generates by exciusive-ORing 
the contents of the TARGET LUN register with 80 
hex if the ENABLE RESELECTION bit in the 
SOURCE ID register is reset or with CO hex if the 
bit is set. After it has sent the Identify message, the 
33C93B will set the COMMAND PHASE register to 
20 hex. 

Normally, bit 6 of the Identify message mirrors the 
state of the ENABLE RESELECTION bit; however, 
the host may occasionally wish to allow the 33C93B 
to respond to a reselection attempt but not enable 
target disconnects during another SCSI operation. 
Setting both the ENABLE RESELECTION bit and 
the DOK bit of the TARGET LUN register allows the 
33C93B to respond to reselection but results in an 
Identify message byte which does not enable target 
disconnects. 

Following the Identify message out, if bits 3 or 4 of 
the DESTINATION ID register specify a tag mes
sage and if ATN- is asserted, the 33C93B expects 
the target to request the first byte of a tag message. 
It responds to this request by sending the selected 
tag message code and incrementing the COM
MAND PHASE register. The 33C93B now expects 
the target to ask for the second byte and services 
this request by sending the contents of the QUEUE 
TAG register and incrementing the COMMAND 
PHASE register to 22 hex. 

The 33C93B expects a Command phase to follow 
the Message Out phase or, if ATN is not asserted 
during selection, the Selection phase. The 33C93B 
obtains the SCSI command from the internal COM
MAND DESCRIPTOR BLOCK registers and sends 
either six, ten, or twelve bytes of command informa
tion depending on the first byte of the SCSI com
mand. The Select-and-Transfer commands 
support Group 0 (6-byte CDB), Group 1 (10-byte 
CDB), and Group 5 (12-byte CDB) SCSI com
mands. The length of any other command defaults 
to six bytes unless advanced mode is enabled (see 
7.3.1). The COMMAND PHASE register, set to 30 
hex before the first Command byte is sent, incre
ments with each byte transferred, so for a 
twelve-byte CDB command, the COMMAND 
PHASE register will contain 3C hex when all bytes 
of the CDB have been transferred. 

After the Command phase, the 33C93B anticipates 
a Data phase if the TRANSFER COUNT register 
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contains a non-zero value, a Status phase if this 
register contains zero, or, in either case, a Message 
In phase if the ENABLE RESELECTION bit is set 
and the DOK bit is not. The 33C93B assumes a 
pending disconnection if the target requests a Mes
sage In phase. Thus, when enabled, the 33C93B 
expects to receive either a Save-Data-Pointer mes
sage (02 hex) or a Disconnect message (04 hex). 
If a message byte has a parity error and the HSP 
bit is set or if the target sends an unsupported 
message, the 33C93B will generate a "terminated" 
interrupt, alerting the processor of this fact and 
allowing it to retrieve the message byte via the 
Transfer Info command. 

Reception of a correct Save-Data-Pointer message 
results in a "paused/aborted" interrupt, terminating 
the Select-and-Transfer command with the COM
MAND PHASE register set to 41 hex. The proces
sor can then save the SCSI data pointer before 
resuming the Select-and-Transfer command. 

A Disconnect message, on the other hand, will not 
cause an interrupt; instead, command execution 
continues with the COMMAND PHASE register set 
to 42 hex and with Bus Free as the next expected 
phase. The 33C93B updates the COMMAND 
PHASE register to 43 hex when the target actually 
disconnects and, if the IDI bit is set, suspends the 
Select-and-Transfer command with an 85 hex in
terrupt. If, however, the IDI bit is reset, the 33C93B 
sits in an idle state, waiting for the target to recon
nect. Reselection by the original target generates 
no interrupt and increments the COMMAND 
PHASE register to 44 hex; reselection by a different 
target will cause a "terminated" interrupt. In ad
vanced mode, this interrupt will not occur until the 
33C93B has also received the Identify message 
from the target and placed the logical unit number 
in the target LUN register. 

Following the original target reselection, the 
33C93B expects an Identify Message In phase 
from the target. This single-byte message should 
be of the binary form: 10rOOttt, where rand ttt 
match the corresponding bits in the TARGET LUN 
register. Successful completion of this phase 
results in the COMMAND PHASE register being 
updated to 45 hex or 70 hex depending upon 
whether or not the 33C93B expects a tag message, 
deduced from the settings of the TGO and TG1 bits 
of the DESTINATION ID register. 

The target, in the latter case, should send a Simple 
Queue tag message immediately after the Identify 
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message. Upon receiving and validating the mes
sage byte, the 33C93B increments the COMMAND 
PHASE register and awaits the second message 
byte from the target. When it receives this byte, the 
33C93B sets the COMMAND PHASE to 45 hex and 
then compares the byte to the contents of the 
QUEUE TAG register. If the two values match, 
command execution proceeds; if the two values 
differ, the 33C93B stores the received byte in the 
QUEUE TAG register, generates a "Different 
Process Reselected" interrupt (26 hex) and ter
minates the Select-and-Transfer command. 

The 33C93B anticipates a data phase immediately 
after the Command phase or after successfully 
receiving the proper messages after reselection. 
To handle the Data phase, the Select-and-Transfer 
command effectively performs a Transfer Info com
mand. The contents of the TRANSFER COUNT 
register determines the number of bytes to transfer; 
the value in the SYNCHRONOUS TRANSFER 
register specifies the type and minimum period of 
the transfers on the SCSI interface; and the DMA 
mode select bits in the CONTROL register specify 
the protocol to follow on the host interface. 

Any number of disconnection/reconnection cycles 
may occur during the data transfer so long as the 
target follows the defined message protocol. The 
COMMAND PHASE register will cycle through the 
disconnect phases (41-45,70,71) with each discon
nection and subsequent reconnection until all of the 
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data has been transferred, at which point it is set to 
46 hex. During the data transfer, a disconnection 
will cause an interrupt regardless of the setting of 
the 101 bit to allow the host to reinitialize the external 
DMA controller. 

The start ofthe Status phase, assuming the transfer 
count has reached zero, advances the COMMAND 
PHASE register to 47 hex. If the status byte has no 
parity error or if the HSP bit is not set, the internal 
microcontroller places the byte in the TARGET LUN 
register and updates the COMMAND PHASE 
register to 50 hex. If the byte contains an error, a 
27 hex interruRt will occur, and the command will 
terminate with ACK asserted. 

The 33C93B expects the target to send a Com
mand-Complete message (00 hex) to indicate that 
the SCSI operation has completed. Upon receiving 
this message, the 33C93B sets the COMMAND 
PHASE register to 60 hex, and if the EDI bit is reset, 
generates "successful completion" interrupt. The 
processor should then read the TARGET LUN 
register to examine the target status. Another inter
rupt will occur when the SCSI bus goes to the Bus 
Free state or when the target again asserts REQ
to begin a new information transfer phase (as in 
SCSI linked commands). Setting the EDI bit sup
presses the "successful completion" interrupt until 
the target disconnects from the SCSI bus. 
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The following table summarizes the possible values that the COMMAND PHASE register can assume 
during the Select-and-Transfer commands and their meanings relative to command termination: 

COMMAND MEANING 
PHASE 

00 No SCSI bus device has been selected. The 33C93B is in the disconnected state. 

10 The target has been selected. The 33C93B is now in the connected-as-an-initiator 
state. 

20 An Identify messagB has been sent to the tarQet. 

21 The TaQ messaQe code has been sent to the tarQet. 

22 The Queue taQ has been sent to the tarQet. 

30 Command phase has started, no bytes transferred. 

3X Command phase, x bytes have been transferred. 

41 Save-Data-Pointer message received. 
42 Disconnect message received, bus not free. 

43 Target has disconnected (SCSI Bus Free) following a successful transfer of a Discon-
nect message. The 33C93B is now in the disconnected state. 

44 The 33C93B has been reselected by the target with a SCSI bus ID which matches 
the value in the DESTINATION ID register. The 33C93B is now in the connected as 
an initiator state. 

45 The 33C93B has received an matching Identify message and, if expected, a matching 
Tag messaQe from the target. 

46 The number of bytes specified in the TRANSFER COUNT register have been trans-
ferred to or from the target during the Data phase. 

47 The target has begun a Receive Status phase. 

50 The 33C93B has successfully received a Status byte from the target and stored it in 
the TARGET LUN register. 

60 The 33C93B has successfully received a Command-Complete message from the tar-
Qet. 

70 The 33C93B has received an Identify message from the target, and the Logical Unit 
Number matches the value in the TARGET LUN register. A tqgmessage is expected. 

71 The 33C93B has received a Simple-Queue Tag message. 

TABLE 4-2. SELECT-AND-TRANSFER COMMANDS 

The host processor may resume a Select-and-Transfer sequence by issuing the command when the 
33C93B is in the Connect-as-an-initiator state. When resuming the Select-and-Transfer, the 33C93B 
examines the COMMAND PHASE register to determine where to restart execution of the command. This 
feature, in conjunction with the INTERMEDIATE DISCONNECT INTERRUPT enabled, supports mUlti
threaded or overlapped 1/0 on the SCSI bus. 
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The following table briefly describes the valid settings of the COMMAND PHASE register when resuming 
a Select-and-Transfer command: 

COMMAND MEANING 
PHASE 

10 Resume after tarQet selection is complete. 

20 Resume after Identify message out. Command or message phases are expected; an 
implied NeQate ACK occurs. 

22 Resume after Tag message out. Command phase is expected; an implied Negate 
ACK occcurs. 

30 Resume when Command phase has begun (REQ- asserted). 
41 Resume after Command phase or after a Save-Data-Pointer message. Data, Status, 

or Message In phases are expected. An implied Negate ACK occurs. 

42 Resume to complete Disconnect Message In· an implied Negate ACK occurs. 
44 Resume after reselection by a target. An Identify Message In expected. 
45 Resume to transfer more data in a data transfer phase. May expect Status or Mes-

saQe In as well. An implied NeQate ACK occurs. 
46 Resume after the Data phase has completed, expecting Status phase or a Save-

Data-Pointer/Disconnect Message In phase. An implied Negate ACK does NOT 
occur. 

50 Resume to complete a Status phase; an implied Negate ACK occurs. 

60 Resume to complete a Command Complete message from the target; an implied 
Negate ACK occurs. 

70 Resume to receive a Simple-Queue Tag message. An implied Negate ACK occurs. 

TABLE 4-3. SELECT-AND-TRANSFER COMMANDS 

4.6.2 Reselect-and-Transfer (OA and OB hex) 

The Reselect-and-Transfer commands consist of 
the Reselect-and- Receive-Data and the Reselect
and-Send-Data commands. These commands 
cause the 33C93B to execute certain common 
SCSI bus phase sequences as a target following a 
Reselection phase. These phases, determined by 
which command is sent and the setting of the EDI 
bit in the CONTROL register and the SCC bit in 
the DESTINATION 10 register, are summarized 
below. Refer to the descriptions of the Send
Status-and-Command-Complete and Send- Dis
connect-Message commands for details on those 
sequences. 

• Reselect-and-Receive command, EDI=O, and 
SCC=don't care: 
- Reselection phase; 
- Send Message In; 
- Receive Data Out phase; 

- Completion interrupt. 

• Reselect-and-Send command, EDI=O, and 
SCC=don't care: 
- Reselection phase; 
- Send Message In; 
- Send Data In phase; 

- Completion interrupt. 

• Reselect-and-Receive command, EDI=1, and 
SCC=O: 
- Reselection phase; 
- Send Message In; 
- Receive Data Out phase; 

- Chain to Send-Status-and-Command-
Complete 

• Reselect-and-Send command, EDI=1, and 
SCC=O: 
- Reselection phase; 
- Send Message In; 

- Send Data In phase; 
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- Chain to Send-Status-and-Command
Complete; 

• Reselect-and-Receive command, EDI=1, and 
SCC=1: 
- Reselection phase; 
- Send Message In; 
- Receive Data Out phase; 
- Chain to Send-Disconnect-Message; 

• Reselect-and-Send command, EDI=1, and 
SCC=1: 
- Reselection phase; 
- Send Message In; 
- Send Data In phase; 
- Chain to Send-Disconnect-Message; 

The Message In phase consists of an Identify mes
sage and, if bits 3 and 4 in the DESTINATION ID 
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register are not both zero, a Simple-Queue Tag 
message. The commands send the contents of the 
QUEUE TAG register as the second byte of the Tag 
message. 

If the reselection attempt times out during a 
Reselect-and-Transfer command, if ATN is as
serted and HA=1, or if a parity error is detected on 
a incoming data byte (and HSP=1 or HHP=1, 
depending on data direction), the command will 
terminate with the appropriate status. In this case, 
the COMMAND PHASE register will indicate the 
last successfully completed phase. If these condi
tions do not occur and all phases complete normal
ly, the command will end with a "successful 
completion" interrupt at this point if EDI=O. How
ever, if EDI=1, no interrupt is generated and com
mand chaining occurs (as described above). 
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The following table summarizes the possible values that the COMMAND PHASE register can assume 
during the Reselect-and-Transfer commands and their meanings relative to command termination. See 
other command descriptions for additional values that can occur when command chaining is used. 

COMMAND MEANING 
PHASE 

00 No SCSI bus device has been reselected. The 33C938 is in the disconnected 
state. 

10 The 33C938 has successfully reselected the initiator. The 33C938 is now in the 
connected as a target state. 

20 The Identify message has been successfully sent to the initiator. 

46 The requested data transfer has been completed. 

TABLE 4-4. RESELECT-AND-TRANSFER COMMANDS 

The host processor may resume a Reselect-and-Transfer sequence by issuing the command when the 
33C938 is operating in the connected-as-a-target state. When resuming, the 33C938 examines the 
COMMAND PHASE register to determine where to restart the Reselect-and-Transfer command. This II 
feature in conjunction with the capability to chain to other combination commands allows longer SCSI bus 
sequences to be performed by a single command. 

The following table briefly describes the meaning of the COMMAND PHASE register when resuming a 
Reselect-and-Transfer command: 

COMMAND MEANING 
PHASE 

10 Resume after initiator reselection is complete; start with Identify Message Out. 

20 Resume after Identify message out; start with data transfer phase. If TRANSFER 
COUNT is zero, no data transfer phase occurs. In either case, a chain to another 
combination command can occur if enabled. 

TABLE 4-5. RESELECT-AND-TRANSFER COMMANDS 
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4.6.3 Wait·for-5elect-and·Receive (OC hex) 

The Wait-for-Select-and-Receive causes the 
33C?93~ to idle until it is selected by an initiator, at 
which time the 33C93B will enter the target mode 
and automatically request message and command 
information. Optionally, the 33C93B will then dis
connect if it receives a SCSI read command. Use 
of t~is command therefore eliminates the interrupts 
which normally occur after selection and after each 
subsequent SCSI bus phase and minimizes bus
connect time during SCSI read commands. 

If the initiator asserts ATN during the Selection 
phase, the 33C93B first executes an implied 
".Receive Message Out" command to get the Iden
tify . ".J~ssage and the Tag message, if any, from 
thelnltlator. The 33C93B stores the Identify mes
sage byte in the TARGET LUN register; it encodes 
the Tag message code into bits 3 and 4 of the 
DES:nNATION 10 register and places the queue 
tag. Into the QUEUE TAG register. Normally, the 
Walt-for-Select~and-Receive command rejects an 
Identify message with the LUNTAR bit (bit 5) set; 
however, issuing this command with the SBT bit 
in the COMMAND REGISTER set allows the 
33C93B to accept an Identify message for a target 
routine. 

The 33C93B executes an implied "Receive Com
mand" following the Selection phase or Identify 

COMMANDS 

Message In phase and stores the SCSI command 
information in the COB registers. It determines the 
number of command .bytes to request from the 
SCSI group code in the first byte of the COB. 

At this point, a "successful completion" interrupt 
~ormally will occur to allow the local processor to 
Interpret the SCSI COB. However, by setting the 
EDI bit prior to issuing a Wait-for-Select-and
Receive command, the host enables the 33C93B 
to perform an automatic disconnect when it 
receives a SCSI read command. Thus, when 
EDI=1 and the 1st COB byte received contains 
a six, ten, or twelve byte read command code, the 
33C93B will suppress the interrupt and chain to the 
Sen~-Disconnect-Message command. Completion 
~f t.hls sequence ~~uses an interrupt and normally 
indicates a transition to the bus free condition. 
Refer to the Send-Disconnect-Message command 
description for more details. 

If the message or command information received 
from the initiator is invalid, the Wait-for-Select-and
Receive command will be terminated and the ap
propriate status reported. As usual, the 
COMMAND PHASE register will indicate which 
phases of the command completed before the error 
condition occurred. 
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The following table summarizes the possible values that the COMMAND PHASE register can assume 
during the Wait-for-Select-and-Receive command and their meanings relative to command termination. 
See other command descriptions for additional values that can occur when command chaining is used. 

COMMAND MEANING 
PHASE 

00 The 33C93B has not been selected. The 33C93B is in the disconnected state. 

10 The 33C93B has been successfully selected by the initiator. The 33C93B is now 
in the connected-as-a- target state. 

20 The 33C93B has received a message byte (Identify) from the initiator. The TAR-
GET LUN register holds the byte. 

21 The 33C93B has received a message byte (Tag code) from the initiator. The 
QUEUE TAG register contains the byte. 

22 The 33C93B has received a message byte (Queue Tag) from the initiator. The 
QUEUE TAG register contains the byte. 

30 The 33C93B is ready to begin Command phase. The SCSI bus phase lines and 
REQ- have not been asserted. 

31 The 33C93B has transferred one command byte from the initiator. The SCSI 
STATUS may indicate the need for the host to load the command size into the 
OWN ID register. 

3x The 33C93B has transferred x command bytes from the initiator. 

TABLE 4-6. WAIT-FOR-SELECT-AND-RECEIVE COMMANDS 

A "paused/aborted" interrupt in conjunction with command phases 20 and 21 indicate that the respective 
message byte was not valid. A parity error in the Identify message results in the appropriate interrupt and 
the COMMAND PHASE register set to 10 hex. This combination allows the host to retry the transfer by 
merely reissuing the command to resume the operation from the proper phase. A parity error in the other 
two message bytes results in a command phase of 21 or 22, indicating which byte contained the error. 

The host processor may resume the Wait-for-Select-and-Receive command by issuing the command when 
the 33C93B is operating in the connected-as-a-target state. When resuming this command, the 33C93B 
examines the COMMAND PHASE register to determine where to restart the Wait-for-Select-and-Receive 
command. This feature, in conjunction with the capability to chain to other combination commands, allows 
longer SCSI bus sequences to be executed by a single command. 
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The following table briefly describes the meaning of the COMMAND PHASE register when resuming a 
Wait-for-Select-and-Receive command: 

COMMAND MEANING 
PHASE 

10 Resume after selection by the initiator is complete. Start with Identify Message 
Out if ATN is asserted; otherwise, start with Command phase. 

20 Resume after a Message Out; check the received message in the TARGET 
LUN register for a valid Identify message. 

21 Resume after Identify message verified. Start with Tag Message Out if ATN is 
asserted; otherwise, start with Command phase. 

30 Resume after Identify Message Out. Start with Command phase. 

31 Resume after the 33C93B has transferred one command byte from the initiator. 
This resume point is used only when an unknown group code has been 
detected in advanced mode and the command size has been loaded into the 
OWN ID register. 

TABLE 4-7. WAIT-FOR-SELECT-AND-RECEIVE COMMANDS 

4.6.4 Send-Status-and-Command-Complete 
(00 hex) 

The Send-Status-and-Command-Complete com
mand, valid in the target role, combines the Status 
and the Command-Complete Message phases 
used to complete a SCSI operation into one com
mand. This command also supports linked SCSI 
operations by optionally sending a Linked-Com
mand-Complete message after the transferring the 
status byte. Bits in the CDB 12 register correspond
ing to the standard linked command control bits in 
the CDB control the choice of Linked-Command
Complete messages. 

Before issuing this command, the host loads the 
status byte into the CDB11 register and the link 
control bits from the current CDB into the CDB12 
register. Note that the bits used by the 33C93B are 
identical in meaning to the SCSI standard link con
trol bits. Consequently, the host processor may 
simply load the control byte from the current SCSI 
command into CDB12 to obtain the correctfunction. 
As the command execution progresses, the COM
MAND PHASE register will update to indicate the 
last phase completed. 

The possible sequences caused by this command 
are as follows: 

- CD B 12 bitO=O, bit1 =don't care: The status byte 
in CDB11 is sent, followed by a Command 
Complete message (00 hex), followed by a 
transition to bus free. A "successful 
completion" interrupt now occurs. 

- CDB12 bitO=1, bit1 =0: The status byte in 
CDB11 is sent, followed by a Linked
Command-Complete message (OA hex). If the 
DF bit in the DESTINATION ID register is not 
set, a chain to the command fetch portion of 
Wait-for-Select-and-Receive then occurs to 
obtain the next CDB from the initiator. 33C93B 
command execution proceeds as described 
for that command. 

- CDB12 bitO=1, bit1 =1: The status byte in 
CDB11 is sent, followed by a Linked
Command-Complete-with-Flag message (OB 
hex). If the DF bit in the DESTINATION ID 
register is not set, a chain to the command 
fetch portion of Wait-for-Select-and-Receive 
then occurs to obtain the next CDB from the 
initiator. 33C93B command execution pro
ceeds as described for that command. 

Assertion of ATN- when HA=1, assertion of MR, or 
execution of a Disconnect or Reset command will 
terminate this command. 
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The following table summarizes the possible values that the COMMAND PHASE register can assume 
during the Send-Status-and-Command-Complete command and their meanings relative to command 
termination. See other command descriptions for additional values that can occur when command chaining 
is used. 

COMMAND MEANING 
PHASE 

00 No operation occurred; typically, ATN was found to be asserted. 
50 Status phase transfer completed. 
60 Command Complete message transfer completed. 
61 Linked Command Complete message transfer completed. 

TABLE 4-8. SEND-STATUS-AND-COMMAND-COMPLETE COMMANDS 

The host processor may resume the Send-Status-and-Command-Complete command by loading the 
appropriate value into the COMMAND PHASE register prior to issuing the command. This feature, in 
conjunction with the capability to chain to other combination commands, allows for a single command to 
invoke longer SCSI bus sequences. 

The following table briefly describes the meaning of the COMMAND PHASE register when resuming a -
Send-Status-and-Command-Complete command: _ 

COMMAND MEANING 
PHASE 

50 Resume after status phase. Start with command complete message. May chain 
to command fetch if selected to do so. 

TABLE 4-9. SEND-STATUS-AND-COMMAND-COMPLETE COMMANDS 

4.6.5 Send-Disconnect-Message (OE hex) 

The Send-Disconnect-Message command, a target-mode command, instructs the 33C93B to send a 
Disconnect message and then to deassert the BSY signal, causing a logical disconnection of the device 
from the SCSI bus. Also, a Save-Data-Pointer message will precede the Disconnect message if the host 
sets the 101 bit prior to issuing this command. 

Assertion of ATN when HA=1, assertion of MR, or execution of a Disconnect or Reset command will 
terminate this command. The following table summarizes the possible values that the COMMAND PHASE 
register can assume during the Send-Disconnect-Message and their meanings relative to command 
termination. 

COMMAND MEANING 
PHASE 

00 No operation occurred; t'lQically, ATN was found to be asserted. 

41 The Save-Data-Pointer messcme was transferred. 
42 The Disconnect message was transferred. 
43 The bus free state occurred after the Disconnect message was transferred. The 

33C93B is now in the disconnected state. 

TABLE 4-10. SEND-TO-DISCONNECT-MESSAGE COMMANDS 
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5.0 ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 
Voltage on any pin with respect to GND ......... -0.5 V to +7.0 V 
Operating temperature ...................... 0' to 70' C 
Storage temperature ........................ -55' to + 125' C 
Power dissipation ......... . . . . . . . . . . . . . . . . . 500 mW 
Input Static Discharge Protection ............. 1200 V pin to pin 

DC OPERATING CHARACTERISTICS ......... Ta = 0' to 70' C, 

ELECTRICAL CHARACTERISTICS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VCC = +5 V ± - 0.25 V, GND = 0 V 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

ilL Input Leakage 10 uA VIN = .4 to VCC 

10L1 SCSI Output Leakage (Inactive) 50 uA VOUT = .5 to VCC 

IOL2 Output Leakage (Tri-state) 10 uA VOUT = .4 to VCC 

VIH Input High Voltage 2.0 5.0 V 

VIL Input Low Voltage -.25 0.8 V 

VIHYS Schmitt Trigger Input 0.3 V 
Hysteresis (All SCSI Pins) 

VOH Output High Voltage 2.4 V 10 = -400 uA 

VOL1 SCSI Output Low Voltage (1) 0.5 V 10=48.0 rnA 

VOL2 Output Low Voltage (All Others) 0.4 V 10= 4.0 rnA 

ICC Supply Current 36 rnA Ta= +25' C 

(1) REO and ACK will sink 57 rnA at 0.5 volts. 
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6.0 TIMING CHARACTERISTICS 
Timing characteristics are valid over the entire 
operating temperature W to 70° C) and voltage 
(4.75 to 5.25 Volts) ranges, and are referenced to 
and from a low voltage of 0.8 volts and a high 
voltage of 2.0 volts. All outputs are assumed to 
have a load capacitance of 50 picofarads. Addition
ally, open-drain outputs ORO and DACK are tested 
with 10 mA current source pull-ups as loads. 

The SCSI asynchronous timings, furthermore, as
sume that the minimum assertion and deassertion 
times specified for the chosen transfer period have 
been met. For example, with a transfer period of 
four, the 33C93B, acting as a target, will assert REO 
for at least 200 ns. If the initiator takes more than 
200 ns from the leading edge of REO to assert ACK, 
then the 33C93B will release REO within 175 ns. 
However, if the initiator responds with ACK within 
200 ns of REO, the 33C93B may not meet the 175 
ns maximum. 

These timings, moreover, apply only during a burst 
and assume that the FIFO has space or data avail
able to allow the burst to continue. For instance, 
the time from the REO in low to ACK out low for the 
first byte of a new phase or of a 4096-byte burst will 
depend on the time needed by the 33C93B and 
possibly the host microprocessor to respond to the 

WD33C93B 

new phase or to set up for the next 4096-byte block. 
Clearly, the 33C93B can not meet the175 ns timing 
in these situations. In addition, the internal 
microcontroller controls the handshaking of mes
sages bytes, like the Identify and Disconnect mes
sages, during execution of the combination 
commands, and again, in these cases, the 33C93B 
will not meet the asynchronous transfer timings 
given in the following tables. 

Many of the timing parameters that follow are 
defined in terms of an internal clock cycle time Tcyc. 
The cycle time depends upon the input clock fre
quency, the clock divisor selected, and, for 
synchronous transfers and if the input clock fre
quency is 16 MHz or greater, the setting of the FSS 
bit in the SYNCHRONOUS TRANSFER register. 
Section 6.2.16 provides the details on calculating 
Tcyc for a given set of these parameters. For 
normal SCSI transfers, the resulting clock has a • 
frequency from 4 MHz to 5 MHz; for fast SCSI 
transfers, the frequency falls in the range from 8 
MHz to 10 MHz. For non-transfer timings, such as 
those pertaining to arbitration and bus release, Tcyc 
corresponds to the value for normal SCSI transfers. 
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6.1 PROCESSOR/DMA INTERFACE 

6.1.1 ClK 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tcp CLOCK PERIOD 50 125 ns 
tch CLOCK HIGH 20 ns 
tcl CLOCK LOW 20 ns 

~oE tc p 
~/ ClK / \ \ 

I 

:oE tCH .~ ioE tCl ---.j 

FIGURE 6-1. CLOCK TIMING 

6.1.2 MR-

CHARACTERISTIC 
MR PULSE WIDTH 

:,...oElE----- t M R ----l.~i 

MR --------~\~l __________ ~j~-----------

FIGURE 6-2. MR- TIMING 

23-42 ADVANCE INFORMATION 3/12//91 



TIMING CHARACTERISTICS WD33C938 

6.1.3 Processor Write (Indirect Addressing) 

SYMBOL CHARACTERISTIC MIN MAX . UNITS 

tavwl AO VALID TO WE LOW 0 ns 
tclwl CS LOW TO WE LOW 0 ns 
twe CS LOW, WE LOW TIME 120 ns 

tdvwh DATA VALID TO WE HIGH 70 ns 
twhai WE HIGH TO AO INVALID 0 ns 
twhch WE HIGH TO CS HIGH -5 ns 
twhdi WE HIGH TO DATA INVALID 0 ns 
twhw1 WE HIGH TO WE OR RE LOW 100 ns 

ALE 

:~ tAvwL -~ ~ tWHAI ~~ 

AO ==X~ ______ ~ __________ ~ __ -JX~: -------
-------: tCLwL ~~ ~ tWHCH :~ 

CS \,,--[ ------i-----~_---.l/ \'--_ 
_______ ~\ "" tWE --~»/~~· ..... ""<---- twI-fNL-----;l»~L 

:~tOVWH~"" tWHOI »: 

WE 

00-07, OP xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

FIGURE 6-3. PROCESSOR WRITE TIMING 
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6.1.4 Processor Read (Indirect Addressing) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tavrl AO VALID TO RE LOW 0 ns 
tclrl CS LOW TO RE LOW 0 ns 
tre CS LOW, RE LOW TIME 180 10000 ns 

trldv RE LOW TO DATA VALID 162 ns 
trhch RE HIGH TO CS HIGH -5 ns 
trhdi RE HIGH TO DATA INVALID 5 40 ns 
trhrl RE HIGH TO RE OR WE LOW 100 ns 
trhai RE HIGH TO AO INVALID 0 ns 

ALE 

~ tRHAI 

~-AO ~~ __________ ~ ________________ ~ ____ ~ 
~ tRHCH :~ 

/ \ 
~: tCLRL :~ 

\~: ----~--------~--~ cs 

j< »:11( tRE -----»-.;~----- tRHRL »: 

! 
tRHOI 

L 
:11( »: 

RE ----------~\~:----------~ 
t RLOV ---->! 

00-07, OP --------------~~~----------~ ) 

FIGURE 6-4. PROCESSOR READ TIMING 
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6.1.5 Processor Write (Direct Addressing) 

SYMBOL CHARACTERISTIC 

taval ADDR VALUE TO ALE LOW 

talai ALE LOW TO ADDR INVALID 

tal wi ALE LOW TO WE LOW 

tciwl CS LOW TO WE LOW 

twe CS LOW, TO WE LOW TIME 

tdvwh DATA VALID TO WE HIGH 

twhch WE HIGH TO CS HIGH 

twhdi WE HIGH TO DATA INVALID 

twhwl WE HIGH TO WE OR RE LOW 
tahal ALE HIGH TO ALE LOW 

AO 
~'tAHAl~ 

WD33C938 

MIN MAX UNITS 

40 ns 
0 ns 
90 ns 
0 ns 

120 ns 
70 ns 
-5 ns 
0 ns 

100 ns 
40 1000 ns 

ALE ~~: ______________________________________________ _ 

tWHCH !~ 

/ \ CS 
!" tClWl !~ 
,. I 

~ tAlWl ~""'<E:--- tWE ---:l»~:"" <~-- tWhWl >, 
WE 

~ tAVAl : tAlAI 

00-07, DP @ ADDRESS 

\,---: ---------:-------Ili L 
!~ :....c tDVWH >i-< tWHDI >j 

~ ~ 

FIGURE 6-5. PROCESSOR WRITE (DIRECT) TIMING 
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6.1.6 Processor Read (Direct Addressing) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
taval ADDR VALID TO ALE LOW 40 ns 
talai ALE LOW TO ADDR INVALID 0 ns 
talrl ALE LOW TO RE LOW 30 ns 
tclrl CS LOW TO RE LOW 0 ns 
tre CS LOW, RE LOW TIME 180 10000 ns 

trldv RE LOW TO DATA VALID 162 ns 
trhch RE HIGH TO CS HIGH -5 ns 
trhdi RE HIGH TO DATA INVALID 5 40 ns 
trhrl RE HIGH TO RE OR WE LOW 100 ns 
tahal ALE HIGH TO ALE LOW 40 1000 ns 

AO 

~:tAHAL~ 

ALE ~~: ______________________________________________ _ 

:~: tCLRL 1___ --+f:. tRHCH !---

----'-. --..::,\ : I \ 
~ tALRL --..j ........ ~- tRE ----:»~:~ ... 0(---- tR HRL ---=:::;»~. ---

RE i \ I: 
~ lAVAL! tALAI ! ___ ~:~--....,.t-R-LO-V-~----:-: ---':-< tRHOI >j 

00-07, DP ~ ADDRESS m' (X )1-: -----

CS 

L 

FIGURE 6-6. PROCESSOR READ (DIRECT) TIMING 
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6.1.7 DMA Write 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tdlwl DACK LOW TO WE LOW 0 ns 
tdlqh DACK LOW TO DRO HIGH 75 ns 
twr WE PULSE WIDTH 50 ns 

twhwl WE HIGH TO WE LOW 100 ns 
tdvwh DATA VALID TO WE HIGH 25 ns 
twhdh WE HIGH TO DACK HIGH 0 ns 
twhdi WE HIGH TO DATA INVALID 0 ns 
tdhql DACK HIGH TO DRO LOW 0 ns 

~ tOLOH ~ :~ tOHQL ~ 

\ i Ir-' -------,\L--: _ 
~: tOLWL,~ ~ tWHOH :~ 

\~! --~----~~/~--~~ 
II ORO (OUT) 

OACK (IN) 

i 01( tWR ---3»~i""'01((----- t W HW L----3»~, 

WE ----~\~: ~~/ L 
~: tOVWH >+< tWHOI ,...-

00-07, OP 

FIGURE 6-7. DMA WRITE TIMING 
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6.1.8 DMA Read 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tdlrl DACK LOW TO RE LOW 0 ns 

tdlQh DACK LOW TO ORO HIGH 75 ns 
trd RE PULSE WIDTH 80 ns 

trhrl RE HIGH TO RE LOW 100 ns 
trldv RE LOW TO DATA VALID 70 ns 
trhdh RE HIGH TO DACK HIGH 0 ns 
trhdi RE HIGH TO DATA INVALID 5 40 ns 
tdhQI DACK HIGH TO ORO LOW 0 ns 

:~ tOLOH -----...; :~ tOHQL ~ 

ORO (OUT) \I-_>----___ ....J/;.-' ----------+-----,\"-.[ __ 

~! tOLRL:~ ~ tRHOH 

OACK (IN) \~: __ ~ ____ ~~/ L 
! 01( tRO ---?»~:! .... OI(~--- tR HRL-----'»~; 

RE ----.\i / \L 
~! tRLOV ! 01( »: tRHOI !~ 

00-07, OP ------------~(~--------~)r' ---------

FIGURE 6-8. DMA READ TIMING 

23-48 ADVANCE INFORMATION 3/12//91 



TIMING CHARACTERISTICS WD33C938 

6.1.9 WD-BUS Buffer Write 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tqhsl ORO HIGH TO RCS LOW 0 40 ns 

tslwv ReS LOW TO WE VALID -5 20 ns 

two WE PULSE WIDTH (1) 1-10 ns Tcyc 

twhwl WE HIGH TO WE LOW (A) 1-10 ns Tcyc 

twldv WE LOW TO DATA VALID 20 ns 

twhdi WE HIGH TO DATA INVALID 1- ns 
tqlsh ORO LOW TO Res TRI-STATE 8 10 Tcyc 

tshwi Res TRISTATE TO WE INVALID 100 ns 

twhsh WE HIGH TO Res TRI-STATE 0 ns 

tslwl Res LOW TO WE LOW 60 ns 

twlql WE LOW TO ORO LOW (2) 55 ns 
tslql Res LOW TO ORO LOW (3) 75 ns 

(1) Two + Twhwl = 2*Tcyc 

(2) Guarantees that only one more byte will be transferred. 

(3) Guarantees that only one byte will be transferred. 

~ tOHSL~""<r----tSLOL : : ----?»~: ........ r-- tOLSH 

j~~--------~\~~ ------~I----ORO (IN) 

:--<-- tSLWL »:.... tWLQL ~ ---»--: tSHWI ,--<--
--~\~: ____ ~----------__ ~r 

~'tSLWV '.... :--<--two~ tw HWL''''' »:tw HSH'--c:--

--~~ /\/ L 

Res (OUT) 

WE (OUT) 

~!tWLDV:~: tWHOI :~ 

00-07, OP -----.,~ Xr---------.)l----

FIGURE 6-9. WD BUS BUFFER WRITE TIMING 
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6.1.10 WD-BUS Buffer Read 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tqhsl ORO HIGH TO ReS LOW 0 40 ns 
tslrv Res LOW TO RE VALID -5 20 ns 
tro RE PULSE WIDTH (1) 1-10 ns T~c 

trhrl RE HIGH TO RE LOW (1) 1-10 ns T~c 
tdvrh DATA VALID TO RE HIGH 20 ns 

trhdi RE HIGH TO DATA INVALID 0 ns 
talsh ORO LOW TO Res TRI-STATE 8 10 T~c 

tshri Res TRISTATE TO RE INVALID 100 ns 
trhsh RE HIGH TO Res TRI-STATE 0 ns 

tslrl Res LOW TO RE LOW 60 ns 
trial RE LOW TO ORO LOW (2) 55 ns 
tslql ReS LOW TO ORO LOW (3) 75 ns 

(1) Tro + Trhrl = 2*Tcyc 

(2) Guarantees that only one more byte will be transferred. 

(3) Guarantees that only one byte will be transferred. 

Res (OUT) 

------.; tOHSL >' ..... c:~---tSLOL ----?.,i .... c:~- tOLSH .1.': 
ORO (IN) ..Jr' --..... :-----.-------,\~: ______ --+-; ___ _ 

:..- tSLRL ~~ tRLOL ~ ---.-! tSHRI ;~ 

----..,'.:: Ii : 
! . 

~: tSLRV ,...:c:~--;.~; tRO-";tR HRL :: .... c:~---;».: tR HSH~ 

---j-\ Ii \ I RE (OUT) 

~: t DVRH : tRHOI:...-

00-07 OP ~ x~-~ 

FIGURE 6-10. WD BUS BUFFER READ TIMING 
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6.1.11 Burst DMA Write 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tdlwl DACK LOW TO WE LOW 0 ns 
twlqh WE LOW TO DRO HIGH 50 ns 
twr WE PULSE WIDTH 30 ns 

twhwl WE HIGH TO WE LOW 30 ns 
tdvwh DATA VALID TO WE HIGH 18 ns 
twhdh WE HIGH TO DACK HIGH 0 ns 
twhdi WE HIGH TO DATA INVALID 0 ns 
tdhql DACK HIGH TO DRO LOW 0 ns 

WE 

00-07, PO 

FIGURE 6-11. BURST DMA WRITE TIMING 
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6.1.12 Burst DMA Read 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tdlrl DACK LOW TO RE LOW a ns 

tdldv DACK LOW TO DATA VALID 50 ns 
trlqh RE LOW TO DRO HIGH 60 ns 
trd RE PULSE WIDTH 30 ns 

trhrl RE HIGH TO RE LOW 30 ns 
trhdv RE HIGH TO DATA VALID 80 ns 
trhdh RE HIGH TO DACK HIGH a ns 
trhdi RE HIGH TO DATA INVALID 5 40 ns 
tdhql DACK HIGH TO DRO LOW a ns 

~: tRLOH:~ 

ORO (OUT) \'---____________ ---1/i-i -----""""\'-__ 
~ tRHOH: tOHQL : ~ 

OACK (IN) \\-; ___ -.,-__ --10 / 
»;< tRO >:-.. tRHRL:~ 

R E --'------\L-: ----:----11 \: I 
~ tOLOV ----,)>>-.: ~ tRHDV ~~: tRHOI :~ 

00-07, OP -{ X' X X 0---

tOLRL 

FIGURE 6-12. BURST DMA READ TIMING 

23-52 ADVANCE INFORMATION 3/12//91 



TIMING CHARACTERISTICS 

6.1.13 INTRQ 

SYMBOL CHARACTERISTIC 
tihrl INTRQ HIGH TO RE LOW 

tri RE PULSE WIDTH 

trhil RE HIGH TO INTRQ LOW 

tilih INTRQ LOW TO INTRQ HIGH 

INTRQ -----II 

MIN 
0 

180 
0 

100 

MAX 

100 

: tlLlH ' 
-»-~c: >' 

\ I 

WD33C93B 

UNITS 
ns 
ns 
ns 
ns 

RE 

:~tRI-: 

--------~\~[ ____ ~/r-----------------

FIGURE 6-13. INTRQ TIMING 
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6.2 SCSI INTERFACE 

6.2.1 Arbitration 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tbhbl BSY, SEL IN HIGH TO BSY OUT LOW 12 16 eye 
tblio BSY OUT LOW TO BUS ID OUT -50 50 ns 
tblsl BSY OUT LOW TO SEL OUT LOW 2.2 us 

; .... <~-- tBHBL -----;l,... .... 1 

BSY ~ \~! ___________ _ 
: OIl[ tBLSL )10 1 

SEL :~tBLlO~ \t...i ----

DBx --------------: ----~(~--------
Igroup ______________________________________________________________ _ 

Tgroup - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

NOTE: Tgroup signals driven by a target = 110, C/O, MSG and REO. 

Igroup signals driven by an initiator = ATN and ACK. 

FIGURE 6-14. ARBITRATION TIMING 
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6.2.2 Selecting A Target (As An Initiator) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tsloo SEL- OUT LOW TO "OR-ED" 10 OUT 1.2 us 

tovao "OR-ED" 10 OUT VALID 100 ns 
TO ACK ,ATN OUT 

taobh ACK ,ATN OUT VALID 100 ns 
TO BSY OUT HIGH 

tbhbv BSY OUT HIGH 400 ns 
TO BSY IN LOW VALID 

tblsh BSY IN LOW TO SEL OUT HIGH 100 ns 

BSV ------------~! \~--~ i-< tBHBV >!-< tSLSH >! 

SEL ~~----------------~------~/~. -
tSLOO ~ 

OBx ------I~ j 

:~ tOVAO~i~tAOBH~; 

ATN --------.------~(~! ---------------------
ACK ----------------------~/ 

Tgroup - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

NOTE: Tgroup = signals driven by a target = 1/0, C/O, MSG and REO. 

FIGURE 6·15. TIMING·INITIATOR SELECTING A TARGET 
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6.2.3 Response To Selection (As A Target) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tslbh SEL IN LOW TO BSY IN HIGH 0 ns 

tivbh "OR-ED" ID VALID IN 0 ns 
TO BSY IN HIGH 

tbhbl SEL LOW, ID VALID, BSY HIGH 0.4 200 us 
TO BSY OUT LOW 

tbloi BSY OUT LOW 0 ns 
TO "OR-ED" ID INVALID IN 

tblsh BSY OUT LOW TO SEL IN HIGH 0 ns 

tavsh ATN VALID IN TO SEL IN HIGH 0 ns 

tshio SEL IN HIGH TO Tgroup OUT 100 ns 

SSY ____ ~I \~ __________ _ 
:~ tSLSH --~ tBHBL ~~ tSLSH ~: 

SEL Ii : : / 
tSLOI :......+-

DSx ----~(~ ____________ ~~)r: ~-----------
~ tAVSH ~ 

-------------------~(~--~------------ATN 

ACK .................................................................................. .. -:- ...................................... .. 

--.j tSHIO :~ 
Tgroup ____________________ ---'i.------

- -
NOTE: Tgroup = signals driven by a target = 1/0, C/D, MSG and REO. 

FIGURE 6-16. TIMING-TARGET RESPONSE 

23-56 ADVANCE INFORMATION 3/12//91 



TIMING CHARACTERISTICS WD33C93B 

6.2.4 Reselecting An Initiator (As A Target) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tsloo SEL OUT LOW TO "OR-ED" 10 OUT 1.2 us 

tovio "OR-ED" 10 OUT VALID 100 ns 
TO 1/0 AND Tgroup OUT VALID 

tiobh 1/0 AND Tgroup OUT VALID 100 ns 
TO BSY OUT HIGH 

tbhbv BSY OUT HIGH 400 ns 
TO BSY IN LOW VALID 

tblsh BSY IN LOW TO SEL OUT HIGH 100 ns 

BSY ________________ ~I \~--~-
i~ tBHBV -..j-< tBLSH >-i : . r SEL \ 

i-tSLOO ---i 
OBX' ·(r--------+----------

~i tovIO>-:~ tIOBH __ i 
1/0 

i \~ _____________ __ 

Tgroup 

Igroup - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

NOTE: Tgroup = signals driven by a target = C/O, MSG and REO. 

Igroup = signals driven by an initiator = ATN and ACK. 

FIGURE 6·17. TIMING·RESELECTING A TARGET 
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6.2.5 Response To Reselection (As An Initiator) 

SYMBOL 
tslbh 

tivbh 

tilbh 
tbhao 

tavbl 

tbhbl 
tbloi 

tblsh 
tshbh 

BSY 

SEL 

DBx 

Igroup 

1/0 

CHARACTERISTIC MIN MAX UNITS 
SEL IN LOW TO BSY IN HIGH 0 ns 

"OR-ED" 10 VALID IN 0 ns 
TO BSY IN HIGH 

1/1- IN LOW TO BSY IN HIGH 0 ns 
SEL LOW, 10 VALID, BSY HIGH 100 ns 

TO Igroup OUT 
IgroupVALID OUT TO BSY OUT LOW 100 ns 
BSY IN HIGH TO BSY OUT LOW 0.4 200 ns 
BSY OUT LOW 0 ns 

TO "OR-ED" 10 INVALID IN 
BSY OUT LOW TO SEL IN HIGH 0 ns 
SEL IN HIGH TO BSY OUT HIGH 0 ns 

-----,-~/ 
:~tSLBH~~ 

Ii i 

\':---:--------:---:--
'BHBL -1--- 'BLSH /~ 'SHBH >1 

~: tlVBH i~ '- tBLOI ~ 

--~~_i----~i--~)~: ---
____ : tBHAO >i~tAVBL:~ 

, \~------'-------------------------
~i tILBHi~ 

--------~\~:----'---------------------------------------

Tgroup - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

NOTE: Tgroup signals driven by a target = C/D, MSG and REO. 

Igroup signals driven by an initiator = ATN and ACK. 

FIGURE 6-18. TIMING-RESELECTION AS INITIATOR 
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6.2.6 Receive Asynchronous Information Transfer In (Acting As An Initiator) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tshpc SEL IN HIGH TO PHASE CHANGE IN 0 ns 
tildt I/O IN LOW TO DATA BUS TRI-STATE 0 125 ns 
tpcrl PHASE CHANGE IN TO REO IN LOW 400 ns 
tdvrl DATA VALID IN TO REO IN LOW 0 ns 
trial REO IN LOW TO ACK OUT LOW 0 175 ns 
tadli ACK OUT LOW TO DATA INVALID IN 0 ns 
talrh ACK OUT LOW TO REO IN HIGH 0 ns 
trhah REO IN HIGH TO ACK OUT HIGH 0 175 ns 
tahpc ACK OtJT HIGH TO PHASE CHANGE IN 0 ns 

SEl ~: 
-1 tSHPC :--

PHASE ~r-----------------'C 

\~; ------------~r= 
-

1/0 

~: tilOT :: .... ""~-----i»~; tOVRl : .... ""~--i»~: tAlOI :~ 

OBx ___ ---'--~) (' X..------;....--
: ..... ""'0--- tpCRl ----i»~: 

REO --------------.~ I, 
~: tRlAl : tAlRH : tRHAH: tAHPC :~ 

ACK ---------.''--1 ~/ 

ATN 

NOTE: Phase = signals that define the bus = C/O and MSG 

FIGURE 6-19. TIMING-ASYNCHRONOUS TRANSFER IN AS INITIATOR 
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6.2.7 Send Asynchronous Information Transfer In (Acting As A Target) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tshpc SEL IN HIGH TO PHASE CHANGE OUT 100 ns 
tildo I/O OUT LOW TO DATA OUT 800 ns 
tdvrl DATA OUT VALID TO REO OUT LOW 55 ns 
tpcrl PHASE CHANGE OUT TO REO OUT LOW 500 ns 
trial REO OUT LOW TO ACK IN LOW 0 ns 
talrh ACK IN LOW TO REO OUT HIGH 0 175 ns 
taldi ACK IN LOW TO DATA OUT INVALID 0 ns 
trhah REO OUT HIGH TO ACK IN HIGH 0 ns 
tahpc ACK IN HIGH TO PHASE CHANGE OUT 100 ns 
tahrl ACK IN HIGH TO REO OUT LOW 0 175 ns 

SEl ~ 
~ tSHPC 

PHASE ----------~~~--------------------------------~f~------
\~: ----------~~::~-
~ tilOO >:-< tOVRl>! :~ tAlOI ~! 
: !(~--~·--~--~X~--~---

-
1/0 

OBx 

:..-- tpCRl~: 

\,,--i --+----II! \':--: _ 
~!tRlAl tAlRH: tRHAH : tAHPC !~ ! 

ACK --------------------------~--,\"_: ____ : __ ---'1..- tAHRl-...J 

REO 

ATN 

NOTE: Phase = Signals that define the bus = C/O and MSG 

FIGURE 6-20. TIMING-ASYNCHRONOUS TRANSFER IN AS TARGET 
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6.2.8 Send Asynchronous Information Transfer Out (Acting As An Initiator) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tshpc SEL IN HIGH TO PHASE CHANGE IN 0 ns 
tihdo 1/0 IN HIGH TO DATA OUT 0 ns 
tpcrl PHASE CHANGE IN TO REO IN LOW 400 ns 

trial REO IN LOW TO ACK OUT LOW 0 175 ns 
tdval DATA OUT VALID TO ACK OUT LOW 55 ns 
talrh ACK OUT LOW TO REO IN HIGH 0 ns 
trhah REO IN HIGH TO ACK OUT HIGH 0 175 ns 
trhdi REO IN HIGH TO DATA OUT INVALID 0 ns 

tahpc ACK OUT HIGH TO PHASE IN CHANGE 0 ns 

SEl ~' 
~ tSHPC i~ 

II 
PHASE ~r----------------------------------'X,L ____ __ 

1/0 I ~L-__ 

~tIHDO >-i. »: tDVAl:"-

____ ~~i( X~~--~x.~~_ DBx 

i~ tpCRl ~i i~tRHDI""'; 

REQ \! , /t--i --"---

~:tRlAl : tAlRHi tRHAH : tAHPC .~ 

----------~\~: --~/ ACK 

ATN 

NOTE: Phase = signals that define the bus = C/D and MSG 

FIGURE 6-21. TIMING-ASYNCHRONOUS TRANSFER OUT AS INITIATOR 

ADVANCE INFORMATION 3/12//91 23-61 



WD33C938 TIMING CHARACTERISTICS 

6.2.9 Receive Asynchronous Information Transfer Out (Acting As A Target) 

SYMBOL CHARACTERISTIC 
tsh,,-c SEL IN HIGH TO PHASE CHANGE OUT 
tihdt I/O OUT HIGH TO DATA BUS TRISTATE 
tpcrl PHASE CHANGE TO REO OUT LOW 
trial REO OUT LOW TO ACK IN LOW 
tdval DATA IN VALID TO ACK IN LOW 
talrh ACK IN LOW TO REO OUT HIGH 
trhdi REO OUT HIGH TO DATA IN INVALID 
trhah REO OUT HIGH TO ACK IN HIGH 
tahpc ACK IN HIGH TO PHASE CHANGE OUT 
tahrl ACK IN HIGH TO REO OUT LOW 

SEL ~i 
--+-j tSHPC 

MIN 
100 

500 
a 
a 
a 
a 
a 
a 
a 

MAX UNITS 
ns 

a ns 
ns 
ns 
ns 

175 ns 
ns 
ns 
ns 

175 ns 

PHASE ----------~~~--------------------------------~X~------

23-62 

110 ___ --JI X.:\.--_ 
:'-IIHOT~:'" .: IOVAL :~: tRHOI :~ 

DBx ____ --.;.... __ .....J}r-: _-{i(~--':"": _-+.':: __ ....... X=======~-= 
REO 

ACK 

ATN 

:~ tpCRL~i 

\~. ~~/~i ----~~\~.-
~iIRLAL : tALRH: IRHAH: IAHPC i~ i 

. \I : r~ tAHRL~ 

NOTE: Phase = signals that define the bus = C/D and MSG 

FIG.6-22. TIMING-RECEIVE ASYNCHRONOUS TRANSFER OUT AS TARGET 
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6.2.10 Receive Synchronous Information Transfer In (5 and 10 Mb/s) (Acting As An Initiator) 

SYMBOL CHARACTERISTIC MIN MAX 
tdvrl DATA VALID IN TO REO IN LOW 0 

trldi REO IN LOW TO DATA INVALID SO 
trcyc REO IN CYCLE TIME 100 
trlrh REO IN LOW TO REO IN HIGH SO 
trhrl REO IN HIGH TO REO IN LOW 30 

talah ACK OUT LOW TO ACK OUT HIGH (1) 1-10 ns 

tahal ACK OUT HIGH TO ACK OUT LOW (1 t 1-10 ns 

tahpc ACK OUT HIGH TO PHASE CHANGE 0 

PARAMETERS tshpc, tildt, and tpcrl ARE ALSO APPLICABLE AND ARE IDENTICAL TO 
THOSE IN 6.2.6. 

(1) Tahal + Talah = 2*Tcyc 

tRLOI :~ 

UNITS 
ns 
ns 
ns 
ns 
ns 

Tcyc 
Tcyc 
ns 

OBx -{I.-__ --'X'--_---..-__ --'X..----------
:~tRCYC~j 

REQ -\ I: \<--! -----,I 
--->-j tRLRH : tRHRL : tALAH tAHAL:~ 

ACK \ / \,,--: ---II: 
j~tAHPC~: 

PHASE ________________________________________________ ~X·-----

ATN 

NOTE: Phase = signals that define the bus = C/O, 1/0 and MSG 

FIG.6-23.TIMING-RECEIVE SYNCHRONOUS TRANSFER IS AN INITIATOR 
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6.2.11a Send Synchronous Information Transfer In (5 Mb/s) (Acting As A Target) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tdvrl DATA VALID OUT TO REO OUT LOW 55 ns 
trldi REO OUT LOW TO DATA INVALID 100 ns 
trlrh REO OUT LOW TO REO OUT HIGH (1) 1-10 ns Tcyc 

trhrl REO OUT HIGH TO REO- OUT LOW (1) HO ns Tcyc 

tacyc ACK IN CYCLE TIME 200 ns 

talah ACK IN LOW TO ACK IN HIGH 50 ns 
tahal ACK IN HIGH TO ACK IN LOW 50 ns 
tahpc ACK IN HIGH TO PHAS CHANGE OUT 0 ns 

PARAMETERS tshpc, tilde, and tpcrl ARE ALSO APPLICABLE AND ARE IDENTICAL TO THOSE 
IN 6.2.7. 

(1) Trhrl + Trlrh = 2*Tcyc 

~'tOVRl tRLDI :~ 

OBX~~----~X~ __ ~ __ ~X~----------------
tRLRH tRHRL,~ 

\,---' ----II 

PHASE ________________________________________________ ~X===== 

ATN 

NOTE: Phase = signals that define the bus = C/O, 1/0 and MSG 

FIGURE 6-24. TIMING-SEND SYNCHRONOUS TRANSFER IN AS TARGET 
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6.2.11b Send Synchronous Information Transfer In (10 Mb/s) (Acting As A Target) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tdvrl DATA VALID OUT TO REO OUT LOW 25 ns 
rtrldi REO OUT LOW TO DATA INVALIF 35 ns 
trlrh REO OUT LOW TO REO OUT HIGH (1) 1-10 ns Tcyc 
trhrl REO OUT HIGH TO REO OUT LOW (1) 1-10 ns Tcyc 

tacyc ACK IN CYCLE TIME 100 ns 
talah ACK IN LOW TO ACK IN HIGH 30 ns 
tahal ACK IN HIGH TO ACK IN LOW 30 ns 
tahj:)c ACK IN HIGH TO PHASE CHANGE OUT 0 ns 

PARAMETERS tshpc, tilde, and tpcrl ARE ALSO APPLICABLE AND ARE IDENTICAL TO 
THOSE IN 6.2.7. 

(1) Trhrl + Trlrh = 2*Tcyc 

___ : tOVRL tRLOI :~ 

OBX~~------~X~ ________ ~X===================== 
tRLRH tRHRL 

PHASE ________________________________________________ ~X~----

ATN 

NOTE: Phase = signals that define the bus = C/O, 1/0 and MSG 

FIGURE 6-25. TIMING-SEND SYNCHRONOUS TRANSFER IN AS TARGET 
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6.2.12a Send Synchronous Information Transfer Out (5 Mb/s) (Acting As An Initiator) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tdval DATA VALID OUT TO ACK OUT LOW 55 ns 
taldi ACK OUT LOW TO DATA INVALID 100 ns 
trcyc REO IN CYCLE TIME 200 ns 
trlrh REO IN LOW TO REO IN HIGH 50 ns 
trhrl REO IN HIGH TO REO IN LOW 50 ns 
talah ACK OUT LOW TO ACK OUT HIGH (1) 1-10 ns Tcyc 
tahal ACK OUT HIGH TO ACK OUT LOW (1) 1-10 ns Tcyc 
tahpc ACK OUT HIGH TO PHASE CHANGE IN 0 ns 

PARAMETERS tshpc, tihdo, and tpcrl ARE ALSO APPLICABLE AND ARE IDENTICAL 
TO THOSE IN 6.2.8. . 

(1) Tahal + Talah = 2*Tcyc 

PHASE -----:.t--t-RL-R-H---:---:---.,--+l----,--------..,...----:--.J~::. '---,--_ 
~i tRHRL :~ 

,>:--1 ---II \,--: ----JI REO 

~: tALAH tAHAL i~ i~ tAHPC ~: 
: : 

ACK ------.\ I· \1;-: _-:0-'/ 
tOVAL tALDI!~ 

08x ~~ __ ~ __ ~X~ __ ~X~------
ATN 

NOTE: Phase = signals that define the bus = C/O, liD and MSG 

FIG. 6·26. TIMING·SEND SYNCHRONOUS TRANSFER OUT AS INITIATOR 
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6.2.12b Send Synchronous Information Transfer Out (10 Mb/s) (Acting As An Initiator) 

SYMBOL CHARACTERISTIC MIN MAX 
tdval DATA VALID OUT TO ACK OUT LOW 25 
taldi ACK OUT LOW TO DATA INVALID 35 
trcyc REO IN CYCLE TIME 100 
trlrh REO IN LOW TO REO IN HIGH 30 
trhrl REO IN HIGH TO REO IN LOW 30 
talah ACK OUT LOW TO ACK OUT HIGH (1) 1-10 ns 
tahal ACK OUT HIGH TO ACK OUT LOW (1) 1-10 ns 
tahpc ACK OUT HIGH TO PHASE CHANGE IN 0 

PARAMETERS tshpc, tihdo, and tpcrl ARE ALSO APPLICABLE AND ARE IDENTICAL 
TO THOSE IN 6.2.8. 

(1) Tahal + Talah = 2*Tcyc 

PHASE i i 
~i tRLRH i tRHRL j~ 

REO \: / \\:...-I _-...JI 

UNITS 
ns 
ns 
ns 
ns 
ns 

Tcyc 
Tcyc 
ns 

f'----
~j tALAH tAHAL j~ i.......- tAHPC ~! 

ACK -------..\1 Ii \: / 
~j tOVAL tALOI j....-

OBx -{r----------.x x,.------
ATN 

NOTE: Phase = signals that define the bus = C/O, 1/0 and MSG 

FIG. 6-27. TIMING-SEND SYNCHRONOUS TRANSFER OUT AS INITIATOR 
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6.2.13 Receive Synchronous Information Transfer Out (5 and 10 Mb/s) (Acting As A Target) 

SYMBOL CHARACTERISTIC MIN 
tdval DATA VALID IN TO ACK IN LOW 0 

taldi ACK IN LOW TO DATA INVALID 30 
trlrh REO OUT LOW TO REO OUT HIGH (1) i-iOns 

trhrl REO OUT HIGH TO REO OUT LOW (1) i-iOns 

tacyc ACK IN CYCLE TIME 100 
talah ACK IN LOW TO ACK IN HIGH 30 
tahal ACK IN HIGH TO ACK IN LOW 30 
tahpc ACK IN HIGH TO PHASE CHANGE OUT 0 

PARAMETERS tshpc, tihdt, and tpcrl ARE ALSO APPLICABLE AND ARE 
IDENTICAL TO THOSE IN 6.2.9. 

(1) Trhrl + Trlrh = 2*Tcyc 

MAX UNITS 
ns 

ns 
Tcyc 

Tcyc 

ns 

ns 

ns 

ns 

110 --------------------------,\\-__ 

PHASE _______________________ ~~'_ __ 

ATN 

NOTE: Phase = signals that define the bus = C/D and MSG 

FIG. 6-28. TIMING-RECEIVE SYNCHRONOUS TRANSFER OUT AS TARGET 
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6.2.14 Arbitration To Bus Free 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tslbh SEL IN LOW 6+50 ns Tcyc 

TO BSY HIGH, DATA TRI-STATE 

BSY ----------------..,,'-------J/i 
. . 

SEL ---------------------,<~ tSLBH~i 

DBx ---------------------- x _________________ x----------

FIGURE 6-29. ARBITRATION TO BUS FREE TIMING 
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6.2.15 Selection (As An Initiator) Or Reselection (As A Target) To Bus Free (Selection Timeout) 

SYMBOL CHARACTERISTIC MIN MAX 
ttadc TIMEOUT OR ABORT 0 

TO DATA BUS CLEARED 
tdcsh DATA BUS CLEARED TO SEL OUT HIGH 201 
tshdt SEL OUT HIGH TO DATA BUS TRI-STATE 800 
tshih SEL OUT HIGH TO cntl TRI-STATE 800 

BSY _______ -11 

SEL ------------------------------~( 
--..! tOCSH tSHDT 

DBx __________ ~ __ '~i ____ ~~----
--..' tSHIH ...... 

Tgroup or ----------------------, 
Igroup 

NOTE: Tgroup = signals driven by a tarllet = 1/0-, C/O-, MSG-, REO
Igroup = signals driven by an initiator = ATN-, ACK-

FIGURE 6-30. TIMING-SELECTION TO BUS FREE 
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6.2.16 Connected·As·An·lnitiator To Bus Free 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tbhdt BSY IN HIGH TO DATA BUS TRI-STATE 8+75 ns Teye 
tbhQt BSY IN HIGH TO Igroup TRI-STATE 8+75 ns Teye 

BSY ( ..... tBHDT 
~ 

II DBx -------------..... tBHGT ~ 

Igroup -----------_ .. 

NOTE: Igroup = signals driven by an initiator = ATN-, ACK-

FIGURE 6-31. TIMING·INITIATOR TO BUS FREE 
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6.2.17 Connected-As-A-Target To Bus Free 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tbhdt BSY OUT HIGH TO DATA BUS TRI-STATE 8+75 ns Tcyc 

tbhgt BSY OUT HIGH TO Tgroup TRI-STATE 8+75 ns Tcyc 

tBHDT 
BSY --------------I! 

~ 

DBx 
tSHGT 

Tgroup ________________ _ 

NOTE: Tgroup = signals driven by an initiator = 1/0-, C/D-, MSG-, REQ-

FIGURE 6-32. TIMING-TARGET TO BUS FREE 
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INTRODUCTION 

1.0 INTRODUCTION 
1.1 DOCUMENT SCOPE 

This document describes two versions of a single 
chip VLSI SCSI bus controller. The WD33C96A is 
a 100-pin device that can act only as a single
ended SCSI controller, and the WD33C95A is a 
132-pin device that can act as both a single
ended and a differential SCSI controller. 

In this document, the term ESBC (Enhanced 
SCSI bus controller) is used as a term when refer
ring to both parts. 

The ESBC can perform both as an initiator and 
target. The data path for this device is program
mable to be either 8- or 16-bits wide. All the fea
tures and timings described below are preliminary 
and subject to change without notice. 

1.2 REFERENCE DOCUMENTS 

The following reference documents may be of 
help: 
• Draft proposed American National Standards 

for Information Systems-Small Computer 
System Interface-2 (SCSI-2), X3T9.2 Task 
Group number X3T9/89-042 revision 10c dated 
March 2, 1990. 

• WD33C92A SCSI Protocol Chip Specification 
96-105393. 

• WD61 C40A Series Intelligent Disk Controller 
and Buffer Manager Chip Specification. 

WD33C95AIWD33C96A 

1.3 FEATURES 

• High speed (1 OMT/s) SCSI bus transfers, 8- or 
16-bits wide 

• Minimum SCSI bus latency/overhead 

• Automatic response to a bus initiated 
selection/res election 

• Flexible combination commands through 
writeable control store 

• Automatic decoding of the transfer length of 
commands 

• 16-word FIFO to support synchronous offset up 
to 16-words or 32-bytes 

• Programmable synchronous transfer period 

• Includes single-ended 48 mA drivers for SCSI 
interface 

• Includes control signals to support external 
differential drivers and receivers 

• Supports low-level SCSI bus control 

• Efficient interaction with the WD61 C40A series 
with less microprocessor overhead II 

• Supports fast DMA transfers up to 10M 
transfers/second 

• Supports host adapter application on the 
motherboard 

• Flexibility to support most DMA controllers or 
buffer managers 

• Dedicated 8-bit port for high speed 
microprocessor 

• Pipelined 24-bit transfer counter (two-level) 

• Transfers may be specified in bytes or logical 
blocks 

• Minimum microprocessor intervention required 

• Single +5 volt supply with low power mode 

• 100-pin PQFP package for single-ended 
interface 

• 132-pin package for differential interface 

• Target-mode LRC generation/checking 

1.4 GENERAL DESCRIPTION 

The ESBC is a high performance CMOS VLSI 
device that controls data transfers between the 
SCSI bus and the local data buffer. 
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2.0 ARCHITECTURE 
2.1 PERFORMANCE 

The SCSI and OMA interfaces are independently 
programmable between 16- and 8-bits wide. The 
interface can transfer data at a rate up to 10M 
transfers/second, that is 20 MByte/s mode in 16-
bit mode. The total time required to perform ar
bitration, selection, command transfer, and m~s
sage transfer is less than 20 /ls. The ESBC in

cludes a dedicated 8-bit port for a high perfor
mance microprocessor, such as 25 MHz 
80C188/186 and 16 MHz 80C196. The ESBC re
quires supervision from the microprocessor only 
in exception conditions. The device includes a 16 
by 18-bit FI FO to support an offset of 16-words or 
32-bytes in a SCSI synchronous transfer. 

2.2 FLEXIBILITY 

The ESBC handles SCSI protocol and data trans
fer through a 128-word Writeable Control Store 
(WCS), allowing the user to program any se
quence of bus phases on the SCSI bus. The 
ESBC can act as a target as well as an initiator. 
The WCS has enough capacity to fit both initiator 
and target instruction sequences. The device can 
interface with various buffer managers, such as 
the W060C40, W060C40A, W061 C40 series, 
and the W042C22. It can also interface with 
various types of OMA controllers. 

2.3 MICROPROCESSOR INTERFACE 

The device has a dedicated microprocessor inter
face. This port supports 8-bit microprocessors 
with a multiplexed address/data AO[0-7] bus. The 
microprocessor can access the internal registers 
and FIFO through this port. The ESBC can inter
face with various high performance microproces
sors, such as 80C196, 80C188, and 80C186. RE 
and WE control access through this port. 

The ESBC has another access mode, where the 
microprocessor can access the internal registers 
through OMA bus pins BO[0-7]. This mode is use
ful in applications where a dedicated microproces
sor is not available and the ESBC is controlled 
directly by the main processor. The microproces
sor accesses the internal registers in 8-bit mode; 
only the lower OMA port is used. The register ad
dress is supplied into the AD bus (dedicated 

ARCHITECTURE 

microprocessor bus). ORE and OWE control the 
access. OACK must not be active. 

2.4 DMA INTERFACE 

The on-board OMA controller is programmable to 
act as bus master or slave. The polarity of ORO 
and OACK is also programmable to be active high 
or low. The data can be transferred in 8- or 16-bit 
mode. The maximum transfer rate is 10M trans
fers/s. The ESBC automatically performs 
byte/word conversions. 

2.5 DUAL PORT REGISTERS 

The ESBC uses a 32-word by 9-bit (8-bit plus 
parity) Dual Port Register to store special informa
tion such as commands, messages and status. 
The information is transferred between the SCSI 
bus and the registers under control of the WCS 
sequence. The microprocessor can randomly ac
cess these registers like any other register. The 
dual port structure allows simultaneous accesses 
by the microprocessor and the WCS as long as 
they do not access the same address location. If 
both the microprocessor and the WCS simul
taneously access the same location, the integrity 
of the data cannot be guaranteed. The 
microprocessor must keep track of which portion 
of the Dual Port Register is not accessible. 

2.6 DIFFERENTIAL DRIVER CONTROL 

One configuration of the ESBC, the W033C95A, 
provides all signals needed for interface to a 8- or 
16-bit differential SCSI bus. All commonly used 
SCSI interface devices are supported. 

2.7 POWER MANAGEMENT 

The ESBC automatically goes into a power-down 
mode when the WCS has not been active and the 
device has not been accessed for a period of time 
defined in the SLEEP register. A wakeup time of 
less than 200 ns is required to return to full 
operating speed. 
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2.8 TESTABILITY 

The ESSC includes several features to improve 
testability of the device: 

• All registers are readable 

• WCS RAM is readable and writeable by the 
microprocessor 

• Hystersis test for the input buffers of the SCSI 
signals 

• Wire bond/pin solder checking 

• SIST for the WCS, DPR and FIFO register files 

ARCHITECTURE 

2.9 COMPATIBILITY with WD33C93 FAMILY 

The architecture of the ESSC is substantially dif
ferent from that of the WD33C93 family. However, 
the ESSC has the ability to emulate all the com
bination commands supported by the WD33C93. 
In addition, the firmware that controls the device 
may be adap~ed to support higher performance 
through pipelining. 
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3.0 SIGNAL DESCRIPTION 
This section contains two figures and accompany
ing tables which describe the signal to pin loca
tions. 

In addition there is a detailed description of each 
signal. 

PIN-NAME PIN-NAME 
1-GNO 26-N.C. 
2-I!O 27-N.C. 
3-M8G 28-VCC 
4-C/O 29-GNO 
5-GNO 30-AOO 
6-ACK 31-A01 
7-REQ . 32-A02 
8-GNO 33-A03 
9-R8T 34-A04 
10-ATN 35-A05 
11-88Y 36-A06 
12-8EL 37-A07 
13-VCC 38-VCC 
14-GNO 39-GNO 
15-CLK 40-800 
16-MUX 41-801 . 
17-0IRECT 42-8D2 
18-C8 43-803 
19-WE 44-804 
20-RE 45-805 
21-ALE 46-B06 
22-HR8T 47-807 
23-ROY 48-80PL 
24-R8TF 49-808 
25-INT 50-809 

39 44 49 54 59 63 

FIGURE 3-1.100-PIN PACKAGE 

PIN-NAME PIN-NAME 
51-8010 76-VCC 
52-8011 77-8011 
53-8012 78-N.C. 
54-B013 79-8010 
55-8014 80-GNO 
56-8015 81-809 
57-BOPH 82-N.C . 
58-GNO 83-808 
59-ORE 84-GNO 
60-0WE 85-807 
61-0RQA 86-N.C. 
62-0RQ8 87-806 
63-VCC 88-VCC 
64-GNO 89-GNO 
65-0ACKA 90-805 
66-0ACKB 91-804 
67-N.C. 92-GNO 
68-N.C. 93-803 
69-8015 94-802 
70-N.C. 95-GNO 
71-8014 96-801 
72-GNO 97-800 
73-8013 98-GNO 
74-N.C. 99-80P1 
75-8012 100-80P 

TABLE 3-1. WD33C96A PIN ASSIGNMENTS 
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FIGURE 3-2. 132-PIN PACKAGE 

PIN-NAME PIN-NAME PIN-NAME PIN-NAME 
1-C/O 34-S010E 67-809 100-S011 
2-GNO 35-S020E 68-8010 101-S011OE 
3-ACK 36-S030E 69-N.C. 102-S0100E 
4-REQ 37-S040E 70-8011 103-S010 
5-GNO 38-0IFFSENS 71-8012 104-GNO 
6-RSTIN 39-VCC 72-GNO 105-S09 
7-RST 40-GNO 73-8013 106-S090E 
8-ATN 41-AOO 74-8014 107-S080E 
9-N.C. 42-A01 75-N.C. 108-S08 
10-8SYIN 43-A02 76-8015 109-GNO 
11-8SY 44-A03 77-80PH 110-S07 
12-SELIN 45-N.C. 78-GNO 111-N.C. 
13-SEL 46-A04 79-0RE 112-S070E 
14-IGS 47-A05 80-0WE 113-S060E 
15-N.C. 48-A06 81-0RQA 114-S06 
16-TGS 49-A07 82-0RQ8 115-S050E 
17-VCC 50-VCC 83-VCC 116-VCC 
18-GNO 51-GNO 84-GNO 117-GNO 
19-CLK 52-800 85-N.C. 118-S05 
20-SE 53-801 86-0ACKA 119-S04 
21-MUX 54-N.C. 87-0ACK8 120-GNO 
22-0IRECT 55-802 88-N.C. 121-S03 
23-CS 56-803 89-S015 122-S02 
24-WE 57-GNO 90-S0150E 123-GNO 
25-RE 58-804 91-S0140E 124-S01 
26-ALE 59-805 92-S014 125-S00 
27-HRST 60-N.C. 93-GNO 126-GNO 
28-N.C. 61-806 94-S013 127-S0P1 
29-N.C. 62-807 95-S0130E 128-S0P 
30-ROY 63-GNO 96-N.C. 129-S0POE 
31-RSTF 64-80PL 97-S0120E 130-GNO 
32-INT 65-808 98-S012 131-1/0 
33-S000E 66-N.C. 99-VCC 132-MSG 

TABLE 3-2. WD33C95A PIN ASSIGNMENTS 
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PIN* PIN** MNEMONIC I/O DESCRIPTION 

MICROPROCESSOR INTERFACE 

30-37 41-44 AD[0-7] 1/0 Microprocessor AddresslData Bus 
46-49 

21 26 ALE I Address Latch Enable 
The falling edge of ALE is used to latch the address of 
the desired register. 

18 23 CS I Chip Select 
CS is active low and is used to qualify RE and WE 
when the microprocessor is accessing a register. 

17 22 DIRECT I Selects direct microprocessor access protocol. 

22 27 HRST I Hardware Reset 
25 32 INT 0 Interrupt Request 

INT is active high, and is asserted to indicate an error 
condition or completion of a command. 

16 21 MUX I Selects multiplexed microprocessor addressldata 
protocol. 

23 30 RDY 0 Chip Ready 
RDY is an open-drain output. RDY will be pulled low 
whenever the device is being accessed and is not 
ready to end the bus access cycle. 

20 25 RE I Read Enable 
This signal is active low and is used with CS to read 
the reqisters. 

24 31 RSTF 0 SCSI Reset Follower 
RSTF is a debounced version of RST/RSTIN. It is ac-
tive high, and will be asserted as long as a valid SCSI 
reset is detected. 

N/A 20 SE I Single-ended SCSI select. (1 OKr~ullupJ 
19 24 WE I Write Enable 

This signal is active low and is used with CS to write 
the reqisters. 

DMA INTERFACE 

40-47 52,53,55, BD[0-7] 1/0 DMABus 
56,58,59, The lower 8 bits of the DMA bus. 
61,62 

48 64 BDf'L 1/0 Parity for BD[0-71. 

TABLE 3-3. SIGNAL DESCRIPTION 

NOTE: 
• Pin numbers are for the WD33C96A 
•• Pin numbers are for the WD33C95A. 
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PIN* PIN** MNEMONIC I/O DESCRIPTION 

49-56 65,67,68 BD[8-15] I/O DMABus 
70,71,73 DMA bus for upper 8 bits. 
74,76 

57 77 BDPH I/O Parity for BD[8-151-

65 86 DACKA I/O Port A DMA Acknowledge 
This pin is used to acknowledge DMA requests on port 
A. 

66 87 DACKB I/O Port B DMA Acknowledge 
This pin is used to acknowledge DMA requests on port 
B. 

59 79 DRE I/O DMA Read Enable 
This signal is active low, and is used to strobe on the 
DMAbus. 

61 81 DRQA I/O Port A DMA Request 
This pin is used to request DMA transfers on port A. 

62 82 DRQB I/O Port B DMA Request 
This pin is used to request DMA transfers on port B. 

60 80 DWE I/O DMA Write Enable 
This signal is active low, and is used to strobe data on 
the DMAbus. 

5C511NTERFACE 

6 3 ACK I/O Data Acknowledge 
10 8 ATN I/O Attention 
11 N/A BSY I/O Busy 

Bidirectional busy signal. 
N/A 11 BSY 0 Busy 

Output busy signal. 
N/A 10 BSYIN I/O Busy 

Input busy signal. 
4 1 C/D I/O Command/Data 

Command/data select. 
N/A 38 DIFFSENS I Differential SCSI Sense (10K pull up) 

2 131 itO I/O Input/ Output 
Select input or output direction. 

N/A 14 IGS I/O Initiator Group Select 
Asserted whenever the WD33C95A is connected as 
an initiator. 

TABLE 3-3. SIGNAL DESCRIPTION (CONTINUED) 

NOTE: 
* Pin numbers are for the WD33C96A 
.* Pin numbers are for the WD33C95A. 
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PIN* PIN** MNEMONIC I/O DESCRIPTION 

3 132 MSG I/O Message 
Selects message phase. 

7 4 REO I/O Data Request 
9 N/A RST I/O SCSI Reset 

Resets SCSI bidirectional signal. 
N/A 7 RST 0 SCSI Reset 

Resets SCSI output only signal. 
N/A 6 RSTIN I SCSI Reset 

Resets SCSI input only signal. 
85,87, 110,114, SO[O-7] I/O SCSI Data 
90,91, 118,119, Lower byte (0-7) SCSI data signals. 
93,94, 121,122, 
96,97 124,125 
100 128 SOP I/O Parity for SO[O-1] 
69, 71 89,92, SO[8-15] I/O SCSI Data 
73, 75 94,98, Upper byte (8-15) SCSI data signals. 
77,79 100, 103 
81,83 105, 108 
99 127 SOP1 I/O Parity for SO[8-15] 

N/A 33-37, SOOE[O-15] 0 Output Enable 
90-91, These output enables are active high. 
95,97, 
101,102, 
106,107, 
112,113, 
115 

N/A 129 SOPOE 0 Output Enable 
OutlJut enable for SOP and SOP1 

12 N/A SEL I/O Select 
Bidirectional select. 

N/A 13 SEL 0 Select 
Output only select. 

N/A 12 SELIN I Select 
Input only select 

N/A 16 TGS 0 Target Group Select 
High whenever a target. 

TABLE 3-3. SIGNAL DESCRIPTION (CONTINUED) 

NOTE: 
* Pin numbers are for the W033C96A 
** Pin numbers are for the W033C95A. 
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PIN* PIN** MNEMONIC I/O DESCRIPTION 

MISCELLANEOUS 

15 19 ClK I INPUT CLOCK 
20 MHz to 50 MHz 

13,28, 17,39, VCC -- Power Supply 
38,63, 50,83, +5V Power Supply Pins 
76,88 99, 116 
1,5,8, 2,5,18, GND --- GROUND PINS 
14,29, 40,51. 
39,58, 57,63, 
64,72, 72,78, 
80,84, 84,93, 
89,92, 104, 
95,98 109, 

117, 
120, 
123, 
126, 130 

TABLE 3·3. SIGNAL DESCRIPTION (CONTINUED) 

NOTE: 
* Pin numbers are for the WD33C96A 
** Pin numbers are for the WD33C95A. 
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A.O GLOSSARY AND CONVENTIONS 
The following is a list of terms and conventions A.2 CONVENTIONS 
used throughout the ESBC data sheet. 

A.1 GLOSSARY 

TERM MEANING 
OOxOO Hexadecimal number 

CDB Command Descriptor Block 

DMA Direct Memory Access 

DPR Dual Port Reqister 

FIFO First In First Out Memory 

HLR High Level Response bits 
(SELH,RSELH,AUTOR) 

LLR Low Level Response bits 
(SELL, RSELL) 

LSB Least Significant Bit 
MSB Most Significant Bit 

RAM Random Access Memory 

SRS Reselection Response Sequence 

WCS Writeable Control Store 

TERM CONVENTION 
asserted the signal is driven active by the 

ESBC 

negated the signal is driven inactive by the 
ESBC 

released the signal is released by the 
ESSC; external bias circuitry will 
bring the signal to the inactive 
state 

micro refers to the microprocessor con-
trollinQ the ESBC 

DMAC refers to the DMA controller con-
nected to the DMA port 

A.3 RESERVED REGISTERS 

All registers marked as "Reserved" must not be 
written, and if read, will produce either O's or 1 'so 

All bits marked as "Reserved" must only be writ-II 
ten with O's, and if read, will produce either O's or 
1's. 
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INTRODUCTION 

1.0 INTRODUCTION 
The WD37C65C Floppy Disk Subsystem Control
ler is an LSI device that provides all the needed 
functionality between the host processor and the 
floppy disk drive. This "superchip" integrates the 
following functions: formatter/controller, data 
separation, write precompensation, data rate 
selection (to a maximum of 1 Mbit per second), 
and clock generation. It also provides interface 
drivers and receivers for the floppy drive. 

The WD37C65C is functionally compatible pin-for
pin with the WD37C65A/B. In addition the 
WD37C65C supports a power down mode for lap
top and portable systems. Refer to Table 16-6 for 
a descripion of functional differences between the 
WD37C65A!B and the WD37C65C. 

On the disk drive interface, the WD37C65C in
cludes data separation designed to address high 
performance error rates on floppy disk drives. It 
contains all the necessary logic to achieve classi
cal 2nd order, type 2, phase locked loop perfor
mance. Write precompensation is included, in ad
dition to the usual formatting, encoding/decoding, 
stepper motor control, and status sensing func
tions. All inputs are TTL compatible Schmitt Trig
ger line receivers, and outputs are high current, 
open drain, with 48 rnA drivers which meet the 
ANSI specification. 

The host interface supports an 8 or 12 MHz, 286 
microprocessor bus without the use of wait states. 
The inputs are Schmitt Triggers. Output drive 
capability is 20 LSTTL loads, allowing direct inter
connection to bus structures without the use of 
buffers or transceivers. For PC, PC AT and EISA 
applications, qualification of interrupt request and 
DMA request is provided. 

Traditionally, data rate selection, drive selection, 
and stepper motor control have been output ports 
of the host processor architecture. In the 
WD37C65C, these functions are latched into 
registers addressed within the I/O mapping of the 
system. The WD37C65C has eight internal 
registers. The eight bit main status register con
tains status information about the WD37C65C 
and may be accessed any time. Another four 
status registers under system control also give 
various status and error information. The Control 

WD37C65C 

Register provides support logic that latches the 
two LSBs used to select the desired data rate that 
controls internal clock generation. The Operations 
Register replaces the standard latched port used 
in floppy subsystems. These registers are incor
porated into the WD37C65C. 

All Clock Generation: SCLK - Sampling Clock, 
WCLK-Write Clock, and MCLK - Master Clock, 
are included in the WD37C65C. XTAL oscillator 
circuits provide the necessary signals for internal 
timing when using the 44 pin PLCC. If the 40 pin 
DIP is used, the TTL level clock inputs must be 
provided. There are two oscillator inputs to the 
WD37C65C. The first at 32 MHz that handles all 
standard data rates (1MB/sec, 500, 250, and 125 
kb/sec or 16MHz to handle 500, 250, and 125 
Kb/sec). The second oscillator is at 9.6 MHz to 
support the 300 kb/sec data rate used in PC AT 
designs. 

Some AT compatibles use two-speed disk drives. 
If a two-speed disk drive is used, the DRV input 
should be grounded along with the CLK2 input. 

1.1 FEATURES 

• IBM PC AT compatible format (single and 
double density) 

-Provides "on chip" floppy control and 
operations 

-Provides required signal qualification to 
DMA channel when in PC AT mode 

-BIOS compatible 
-Supports dual speed spindle drives 

• CMOS low power consumption (typically 300 
mW at 32 MHz) 

• Power down mode with low standby current 
(ICC = 100!!A maximum) 

• Address mark detection circuitry (internal to 
floppy disk controller) 

• Multi-sector and multi-track transfer capability 

• Direct floppy disk drive interface (no buffers 
needed) 
-48 rnA sink output drivers 
-Schmitt Trigger line receivers 

Reprinted with permission of and licensed by NEC Electronics Inc. © 1985 NEC Electronics Inc. 
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WD37C65C 

• Compatible with PD8080/85, PD8086, 8088, 
80286, 80386SX, 80386, and PD780 (Z80) 
microprocessors 

On chip clock generation 

• Two TTL clock inputs for 40-pin DIP 

• Two XTAL oscillator circuits for 44-pin PLCC 

• Automatic write precompensation 
-Disable option 
-Pin selectable inner track values of 125 or 

187 nanoseconds 

• Integrated high-performance DPLL data 
separator 

-Industry standard error rates of 10<E-9 
-Data rates of 125, 250, 300, 500 

Kbits/second and 1 MbiVsecond 
-Option to select 150 Kbits/second FM and 

300 Kbits/second MFM data rates only 

• Enhanced host interface 
-20 LSTTL output drive capability 
-TTL Schmitt trigger inputs 

• User programmable track stepping rate and 
head load/unload times 

• Supports four floppy or Micro Floppydisk drives 
with·external decode logic 

• Data transfer in DMA or non-DMA mode 

• Parallel seek operation on a maximum of four 
drives 

• Internal power up reset circuitry 

• Single +5V DC power supply 
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SIGNAL DESCRIPTIONS WD37C65C 

2.0 SIGNAL DESCRIPTIONS 

DIP PIN MNEMONIC SIGNAL NAME I/O FUNCTION 
NUMBER 

1 /1 RD READ Control signal for transfer of data or status onto the 
data bus by the WD37C65C. 

212 WR WRITE Control signal for latching data from the bus into the 
WD37C65C Buffer Register. 

- -
3/3 CS CHIP SELECT Selected when 0 (low) allowing RD or WR operation 

from the host. 

4/4 AO ADDRESS LINE Address line selecting data e.:!l or status (=0) infor-
mation. (AO = logic 0 during WR is illegal except in 
Power Down mode.) 

5/5 DACK DMA Used by the DMA controller to transfer data from 
ACKNOWLEDGE the W037C65C onto the bus. Logical equivalent to 

CS and AO=1. In Special or AT/EISA mode, this sig-
nal is qualified by DMAEN from the Operations 
Register. 

6/6 TC TERMINAL- This signal indicates to WD37C65C that data trans-
COUNT fer is complete. If DMA operational mode is selected 

for command execution, TC will be qualified by 
DACK, but not in the programmed I/O execution. In 
AT/EISA or Special mode, qualification by DACK re-
quires the Operations Register signal DMAEN to be 

II logically true. Note also that in AT/EISA mode, TC 
will be qualified by DACK, whether in DMA or non-
DMA host operation. Programmed I/O in AT/EISA 
mode will cause an abnormal termination error at 
the completion of a command. 

7-14/ DBO thru DATA BUS 0 thru I/O 8-Bit, bi-directional, tri-state, data bus. DO is the 
7-14 DB7 DATA BUS 7 least significant bit (LSB). 07 is the most significant 

bit (MSB). 

15/15 DMA DIRECT 0 DMA request for byte transfers of data. In Special or 
MEMORY AT/EISA mode, this pin is tri-stated, enabled by the 
ACCESS DMAEN signal from the Operations Register. This 

pin is driven in the Base mode. 

16/16 IRQ INTERRUPT 0 Interrupt request indicating the completion of com-
mand execution or data transfer requests (in non-
DMA mode). Normally driven in base mode. In Spe-
cial or AT/EISA mode, this pin is tri-stated, enabled 
by the DMAEN signal from the Operations Register. 

*Only in the PLCC version of the WD37C65C. Not connected in the DIP package. 
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WD37C65C SIGNAL DESCRIPTIONS 

D/P PIN MNEMONIC SIGNAL NAME I/O FUNCTION 
NUMBER 

/17 DCHGEN* DISK CHANGE This input must be at Logic = 0 to enable DCHG 
ENABLE input status at pin 40 to be placed on bit 7 of the 

data bus during a RD = 0 of LDCR = o. It has Inter-
nal pull-up. 

17/18 LDOR LOAD Address decode which enables the 10adin.flQ!.the 
OPERATIONS Operations Register. Internally gated with WR 

REGISTER creates the strobe which latches the data bus into 
the Operations Register. 

18/19 LDCR LOAD CONTROL Address decode which enables loading of the Con-
REGISTER trol Register. Internally gated with WR creates the 

strobe which latches the two LSBs from the data 
bus into the Control Register. 

19/20 fiST RESET Resets controller, placing microsequencer in idle. 
Resets device outputs. Puts device in Base mode, 
not PC AT or Special mode. 

20/21 RDD READ DISK This is the raw serial bit stream from the disk drive. 
DATA Each falling edge of the pulses represents a flux 

transition of the encoded data. 

21/ CLK2 CLOCK2 TTL level clock input used for non-standard data 
rates; is 9.6MHz for 300 kb/s, and can only be 
selected from the Control Register. 

/22 XT2 XTAL2 0 XTAL oscillator drive output for 44 pin PLCC (See 
Figure 6). Should be left floating if TTL inputs used 
at pin 23. 

/23 XT2 XTAL2 XTAL oscillator input used for non-standard data 
rates. It may be driven with a TTL level signal. 

22/24 DRV DRIVE TYPE Drive type input indicates to the device that a 
twospeed spindle motor is used if logic is o. In that 
case, the second clock input will never be selected 
and must be grounded. 

23/ CLK1 CLOCK1 TTL level clock input is used to generate all internal 
timings for standard data rates. Frequency must be 
16MHz ± 0.1% or 32MHz ± 0.1%, and may have 
40/60 or 60/40 duty cycle. 

/25 XT1 XTAL1 0 XTAL oscillator drive output for 44 pin PLCC (See 
Figure 6). Should be left floating if TTL inputs are 
used at pin 26. 

/26 XT1 XTAL1 XTAL oscillator input requiring 16MHz or 32M Hz 
crystal. This oscillator is used for all standard data 
rates, and may be driven with a TTL level signal. 

·Only in the PLCC version of the WD37C65C. Not connected in the DIP package. 
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SIGNAL DESCRIPTIONS WD37C65C 

DIP PIN MNEMONIC SIGNAL NAME 1/0 FUNCTION 
NUMBER 

24/27 PCVAL PRECOMPEN- Precompensation value select input. This pin deter-
SATIONVALUE mines the amount of write precompensation used 

on the inner tracks of the diskette. Logic 1 = 125ns, 
Logic 0 = 187ns. If the defeat option is used, 
PCVAL is unimportant and precompensation is dis-
abled. 

25/28 HS HEAD SELECT 0 High current driver (HCD) output selects the head 
(side) of the floppy disk that is being read or written. 
Logic 1 = side O. Logic 0 = side 1. 

26/29 WE WRITE ENABLE 0 This HCD output becomes true, active low, just prior 
to writing on the diskette. This allows current to flow 
through the write head. 

27/30 WD WRITE DATA 0 This HCD output is WRITE DATA. Each falling edge 
of the encoded data pulse stream causes a flux tran-
sition on the media. 

28/31 DIRC DIRECTION 0 This HCD output determines the direction of the 
head stepper motor. Logic 1 = outward motion. 
Logic 0 = inward motion. 

29/32 STEP STEP PULSE 0 This HCD output issues an active low pulse for 
each track to track movement of the head. 

30/33 DS1 DRIVE SELECT 1 0 This HCD output, when active low, is DRIVE 
SELECT 1 in AT/EISA mode. It enables the inter-
face to this disk drive. This signal comes from the II Operations Register. In Base, or Special mode, this 
output is #1 of the four decoded Unit Selects, as 
specified in the device command syntax. 

31/34 VSS GROUND -- Ground. 

32135 DS2 DRIVE SELECT 2 0 This HCD output, when active low, is DRIVE 
SELECT 2 in AT/EISA mode, enables the interface 
to this disk drive. This signal comes from the Opera-
tions Register. In Base or the Special mode, this out-
put is #2 of the four decoded Unit Selects as 
specified in the device command syntax. 

33/36 M01, DS3 MOTOR ON 1, 0 This HCD output, when active low, is MOTOR ON 
DRIVE SELECT 3 enable for disk drive #1, in AT/EISA mode. This sig-

nal comes from the Operations Register. In the 
Base or Special mode, this output is #3 of the four 
decoded Unit Selects as specified in the device 
command syntax. 

*Only in the PLCC version of the WD37C65C. Not connected in the DIP package. 
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WD37C65C SIGNAL DESCRIPTIONS 

D/P PIN MNEMONIC SIGNAL NAME I/O FUNCTION 
NUMBER 

34/37 M02,DS4 MOTOR ON 2, 0 This HCD output, when active low, is MOTOR ON 
DRIVE SELECT 4 enable for disk drive #2, in AT/EISA mode. This sig-

nal comes from the Operations Register. In the 
Base or Special mode, this output is #4 of the four 
decoded Unit Selects as specified in the device 
command syntax. 

35/38 HDL HEAD LOADED 0 This HCD output, when active low, causes the head 
to be loaded against the media in the selected drive. 

----
36/39 RWC, RPM REDUCED 0 This HCD out~ut, when active low, causes a 

WRITE REDUCED WRITE CURRENT, when bit density is 
CURRENT, increased toward the inner tracks, becoming active 

REVOLUTIONS when tracks >28 are accessed. This condition is 
PER MINUTE valid for Base or Special mode, and is indicative of 

when write precompensation is necessary. In the 
AT/EISA mode, this signal will be active when 
CRO=1. 

/40 DCHG* DISK CHANGE This Schmitt Trigger (ST) input senses status from 
the drive. Active low indicates that drive door is 
open or that the diskette has possibly changed 
since the last drive selection. It has internal pull-up. 

37/41 WP WRITE This ST input senses status from the disk drive in-
PROTECTED dicating active low when a diskette is WRITE 

PROTECTED. 

38/42 TROO TRACK 00 This ST input senses status from disk drive, indicat-
ing active low when the head is positioned over the 
outermost track, TRACK 00. 

39/43 lOX INDEX This ST input senses status from the disk drive, in-
dicating active low when the head is positioned over 
the beginning of a track marked by an index hole. 

40/44 VCC +5VDC -- Input power supply. 

'Only in the PLCC version of the WD37C65C. Not connected in the DIP package. 
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ARCHITECTURE 

3.0 ARCHITECTURE 
The WD37C65C Floppy Disk Subsystem Control
ler is an LSI device that provides all the needed 
functionality between the host processor and the 
floppy disk drive. This "superchip" integrates: for
matter/controller, data separation, write precom
pensatioh, data rate selection, clock generation, 
drive interface drivers and receivers. 

8 BIT 
DATA 
BUS 

DRV -I[--+--+~ 

AO 

DACR 
TC 

DMA 

IRQ 
[iiCR 

WD37C65C 

Figure 3-1 illustrates a block diagram of the 
WD37C65C Floppy Disk Subsystem Controller. 

Figure 3-2 illustrates a typical WD37C65C sys
tem. 
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FIGURE 3-1. WD37C65C BLOCK DIAGRAM 
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HOST INTERFACE 

4.0 HOST INTERFACE 
The host interface is the Host Microprocessor 
Peripheral Bus. This bus is composed of eight 
control signals and eight data signals. In the Spe
cial or AT/EISA modes, IRQ and DMA request are 
tri-stated and qualified by DMA enable which is 
provided by the Operations Register. The data 
bus, DMA, and I RQ outputs are designed to hand
le 20 LSTTL loading. Inputs are Schmitt Trigger 
receivers and can be hooked up to a bus or back
plane without any additional buffering. 

During the Command or Result phases, the Main 
Status Register must be read by the processor 
before each byte of information is written into or 
read from the Data Register. After each byte of 
data is read from or written into the Data Register, 
the CPU waits for 12 Ils before reading the Main 
Status Register. Bits 06 and 07 in the Main 
Status Register must be in a 0 and 1 state, 
respectively, before each byte of the command 
word may be written into the WD37C65C. Many of 
the commands require multiple bytes. As a result, 
the Main Status Register must be read prior to 
each byte transfer to the WD37C65C. During the 
Result phase, Bits 06 and 07 in the Main Status 
Register must both be 1 's (06=1 and 07=1) 
before reading each byte from the Data Register. 
Note that this reading of the Main Status Register 
before each byte transfer to the WD37C65C is 
required only in the Command and Result 
phases, and not during the Execution phase. Note 
also that DB6 and DB7 in the MSR can be polled 
instead of waiting 121ls. 

During the Execution phase, the Main Status 
Register need not be read. If the WD37C65C is in 
the non-DMA Mode, then the receipt of each data 
byte (WD37C65C is reading data from the FDD) 
is indicated by an interrupt signal on P!!:LJ 6 
(IRQ=1). The generation of a Read signal (RD = 
0) clears the interrupt and sends the data onto the 
data bus. If the processor cannot handle inter
rupts fast enough (every 13 ILs for the MFM mode 
and 27 I!S for the FM mode), then it may poll the 
Main Status Register and bit 07 (RQM) functions 
as the Interrupt si9r:@1. If a Write Command is in 
process then the WR signal performs the reset to 
the Interrupt signal. 

All timings mentioned above double for mini flop
py data rates. 

WD37C65C 

Note that in the non-DMA mode it is necessary to 
examine the Main Status Register to determine 
the cause of the interrupt since it could be a data 
interrupt or a command termination interrupt, 
either normal or abnormal. If the WD37C65C is in 
the DMA mode, no interrupt signals are generated 
during the Execution phase. The WD37C65C 
generates DMA's (DMA Requests) when each 
byte of data is available. The DMA Controller 
responds to this request with both DACK=O (DMA 
Acknowledge) and an RD=O (Read signal). When 
the DMA Acknowledge signal goes low 
(DACK=O), the DMA Request is cleared (DMA=...Ql 
If a Write Command has been issued, then a WR 
signal will appear instead of RD. After the Execu
tion phase has been completed (Terminal Count 
has occurred) or the EOT sector read/written, 
then an Interrupt will occur (I RQ = 1). This sig
nifies the beginning of the Result phase. When 
the first byte of data is read during the Result 
phase, the interrupt is automatically cleared (IRQ 
= 0). 

Note that in PC AT usage, non-DMA Host trans
fers are not the normal procedure. If the user 
chooses to do so, the WD37C65C will successful-
ly complete commands, but will always give ab- ,. 
normal termination error status since TC is· 
qualified by an inactive DACK. 

The RD or WR signals should be asserted while 
DACK is true. The CS signal is used in conjunc
tion with RD and WR as a gatl!:!g function during 
programmed I/O operations. CS has no effect 
durinq DMA operations. If the non-DMA mode is 
chosen, the DACK signal should be pulled up to 
Vcc. Note that during the Result phase all bytes 
shown in the Command Table must be read. The 
Read Data Command, for example, has several 
bytes of data in the Result phase. All seven bytes 
must be read in order to successfully complete 
the Read Data command. The WD37C65C will 
not accept a new command until all seven bytes 
have been read. Other commands may require 
fewer bytes to be read during the Result phase. 
The WD37C65C contains five Status Registers. 
The Main Status Register mentioned may be read 
by the processor at any time. The other four 
Status Registers (STO, ST1, ST2, and ST3) are 
available only during the Result phase and may 
be read only afler completing a command. The 
particular command that has been executed 
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WD37C65C 

determines how many of the Status Registers will 
be read. 

The bytes of data which are sent to the 
WD37C65C to form the Command phase, and are 
read out of the WD37C65C in the Result phase, 
must occur in the order shown in the Command 
Table. The command code must be sent first and 
the other bytes sent in the prescribed sequence. 

HOST INTERFACE 

No foreshortening of the Command or Result 
phases is allowed. After the last byte of data in the 
Command phase· is sent to the WD37C65C, the 
Execution phase automatically starts. In a similar 
fashion, when the last byte of data is read out in 
the Result phase, the command is automatically 
ended and the WD37C65C is ready for a new 
command. 

25-10 11118191 



CONTROL REGISTER 

5.0 CONTROL REGISTER 
The Control Register is a write only register that is 
used to set the data transfer rate and disable write 
precompensation. It provides support logic that 
latches the two..1§.8§...Qf the data bus upon receiv
ing LDCR and WR. CS should not be active when 
this happens. These bits are used to select the 
desired data rate, which in turn controls the inter
nal clock generation. Clock switchover is internal
ly "deglltched," allowing continuous operation 
after changing data rates. If the Control Register 
is not used, the data rate is governed by the sup
plied clock or crystal. The frequency must be 64 
times the desired MFM data rate. This implies a 
maximum data rate of 250 kb/s for a frequency of 
16 MHz or a maximum data rate of 500 Kb/s for a 
frequency bf 32 MHz, unless the Control Register 

CR1 CRO DRV DATA RATE 

0 0 x 500 K 
0 0 x 250 K 

0 1 0 250 K 

0 1 1 300 K 

1 0 x 250 K 

1 0 x 125 K 

WD37C65C 

is used. Switching of this clock must be "glitch
less" or the device will need to be reset. Table 5-1 
and Table 5-2 present the Control Register con
figuration for 16 MHz and 32 MHz frequencies, 
respectively. 

The WD37C65C optionally supports 150 kb/s FM 
data transfer rate. The Control Register configura
tion is shown in Table 5-3. The 150 kb/s data rate 
can be selected by using a 9.6 MHz XTAL or TTL 
level clock input on pin 26 (44pin PLCC) or pin 23 
(40 pin DIP). Only two data transfer rates can be 
selected with this configuration: 150 kb/s FM and 
300 kb/s MFM. 

COMMENTS RPM 
[{AT/EISA MODE} 

MFM 1 

FM 1 
MFM 0 
MFM,(9.6 MHz XTAL} 0 

MFM, RST Default 1 

FM, RST Default 1 

TABLE 5-1. CONTROL REGISTER CONFIGURATION -16 MHZ 

CR1 CRO DRV DATA RATE COMMENTS RPM 
(AT/EISAMODE) 

0 0 x 1 M MFM 1 

0 0 x 500 K FM 1 

0 1 0 900 K MFM 0 

0 1 1 300 K MFM,(9.6 MHz XTAL} 0 

1 0 x 500 K MFM, RST Default 1 

TABLE 5-2. CONTROL REGISTER CONFIGURATION - 32 MHz 
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WD37C65C 

In AT/EISA mode, write precompensation can be 
disabled by a logic high on bit 2 of the Control 
Register. (See Table 5-4). 

CR1 CRO DRV DATA RATE 

0 0 x 300 K 
0 0 x 150 K 

CONTROL REGISTER 

COMMENTS RPM 
I (AT/EISA MODE) 

MFM 1 
FM 1 

TABLE 5-4. CONTROL REGISTER CONFIGURATION - OPTIONS 

Bit SIGNAL NAME AND RESET CONDITION CLOCK QUALIFIER 
FUNCTION 

0 Data Rate 0 None 
1 Data Rate 0 None 
2 No Write Precompensation 0 None 
3-7 Reserved None None 

TABLE 5-3. CONTROL REGISTER CONFIGURATION - AT/EISA MODE 
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MASTER STATUS REGISTER 

6.0 MASTER STATUS REGISTER 
The Master Status Register is an eight-bit, 

read/write register that contains the status infor
mation of the FOC. It can be accessed at any 
time. The W035C65C provides a write only 
register, called Master Status Register 1 (MSR1) 
which is used only to select power down mode. In 
power down mode the XTAL oscillator, controller 
circuitry and all linear circuitry are turned off so 
that the controller draws very low current. Normal 
operation is restored by asserting reset to the 
W037C65C. See Master Status Register 1. 

Only the Master Status Register may be read and 
used to facilitate the transfer of data between the 
processor and W037C65C. The 010 and ROM 
bits in the Master Status Register indicate when 
data is ready and in which direction data will be 
transferred on th~ata-...lli!s. The maximum time 
between the last RO or WR during a Command or 
Result phase and the setting of 010 and ROM is 
12 Ils if 500 kb/s M FM data rate is selected. (If 
250 kb/s MFM is selected, the delay is 24 Ils. If 1 
Mb/s is selected, the delay is 6 IlS.) For this 
reason, every time the Master Status Register is 
read, the CPU should wait 12 Ils. The maximum 
time from the trailing edge of the last RO in the 
result phase to when OB4 (FOC busy) goes low is 
12 Ils. 

The bits in the Master Status Register are listed in 
Table 6-1. The bits in Status Register 0 are listed 

WD37C65C 

in Table 6-2.The bits in Status. Register 1 are 
listed in Table 6-3.The bits in Status Register 2 
are listed in Table 6-4.The bits in Status Register 
3 are listed in Table 6-5. 

6.1 MASTER STATUS REGISTER 1 
(MSR1-WRITE ONLy) 

The W037C65C will enter power down mode, 
when bit 0 of MSR1 is set to logical "1" and the 
following conditions are met: 

1. The RST pin to the FOC is inactive. 

2. Bit 2 in the Operations Register is "SRST/= 1". 

3. The W037C65C is awaiting a command from 
the host. 

The W037C65C can also be programmed with 
external logic to automatically enter power down 
mode a few msec after the beginning of idle 
mode. 

Normal operation is restored when the RST pin to 
the FOC is active and the FOC is reset. This in 
turn resets bit 0 of MSR1 register to logic o. 
The bits in the Master Status Register are listed in 
Table 6-2. 

BIT SIGNAL NAME & RESET CONDITION CLOCK QUALIFIER 
FUNCTION 

0 Power down mode (POM) 0 None 
1-7 Reserved None None 

TABLE 6-1. AT/EISA MODE. MASTER STATUS REGISTER 1 CONFIG. 
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WD37C65C MASTER STATUS REGISTER 

BIT 
NO. NAME SYMBOL DESCRIPTION 

DBO FDD o BUSY DOB FDD number is 0 in the Seek Mode. If any of the 
bits is set, FDC will not accept READ or WRITE 
commands. 

DB1 FDD 1 BUSY D1B FDD number 1 is in the Seek Mode. If any of the 
bits is set, FDC will not accept READ or WRITE 
commands. 

DB2 FDD 2 BUSY D2B FDD number 2 is in the Seek Mode. If any of the 
bits is set, FDC will not accept READ or WRITE 
commands. 

DB3 FDD 3 BUSY D3B FDD number 3 is in the Seek Mode. If any of the 
bits is set, FDC will not accept READ or WRITE 
commands. 

DB4 FDC BUSY CB A READ or WRITE command is in progress. FDC 
will not accept any other command. 

DB5 EXECUTION EXM This bit is set only during Execution phase in non-
MODE DMA mode. When DB5 goes low Execution phase 

has ended and Results Phase has started. It 
operates only during non-DMA mode of operation. 

DB6 DATA INPUT DIO Indicates direction of data transfer between FDC 
and Data Register. If D10=1, then transfer is from 
Data Register to the processor. If DIO=O, then trans-
fer is from the pr~cessor to Data Register. 

DB? REOUESTFOR ROM Indicates Data Register is ready to send or receive 
MASTER data to or from the processor. Both bits DIO and 

ROM should be used to perform the handshaking 
functions of "ready" and "'direction" to the processor. 

TABLE 6-2. STATUS REGISTER 0 BITS 
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MASTER STATUS REGISTER 

NO. 

D7 

D6 

D5 

tD4 

tD3 

D2 

01 

DO 

BIT 

NAME 

INTERRUPT 
CODE 

SEEK END 

EQUIPMENT 
CHECK 

NOT READY 

HEAD SELECT 

UNIT SELECT 1 

UNIT SELECT 0 

SYMBOL 

IC 

SE 

EC 

NR 

HS 

US1 

USO 

WD37C65C 

DESCRIPTION 

D7=0 and D6=0. Normal termination of command 
was completed and properly executed. D7=0 and 
D6=1. Abnormal termination of command, (AT). Ex
ecution of command was started but was not suc
cessfully completed. 

D7=1 and D6=0. Invalid command issue, (IC). Com
mand which was issued was never started. 

When the FDC completes the SEEK command, this 
flag is set to 1 (high). 

If the Track 0 signal fails to occur after 77step pul
ses per Recalibrate Command, then this flag is set. 

Since drive Ready is always presumed true, this will 
always be a logic O. 

This flag is used to indicate the state of the head at 
interrupt. 

This flag is used to indicate a Drive Unit Number at 
interrupt. 

This flag is used to indicate a Drive Unit Number at 
interrupt. 

TABLE 6-3. STATUS REGISTER 1 BITS 
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WD37C65C 

NO. 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

25-16 

BIT 

NAME 

END OF 
CYLINDER 

DATA ERROR 

OVERRUN 

NO DATA 

NOT WRITEABLE 

MISSING 
ADDRESS MARK 

SYMBOL 

EN 

DE 

OR 

ND 

NW 

MA 

MASTER STATUS REGISTER 

DESCRIPTION 

When the FDC tries to access a sector beyond the 
final sector of a cylinder, this flag is set. 

Not used. This bit is always 0 (low). 

When the FDC detects a 'CRC error in either the ID 
field or the data field, this flag is set. 

If the FDC is not serviced by the host system duriOig 
data transfers within a certain time interval, this flag 
is set. 

Not used. This bit is always 0 (low). 

During execution of READ DATA, WRITE 
DELETED DATA, or SCAN command, if the FDC 
cannot find the sector specified in the "IDR 
Register, this flag is set. 

During execution of the READ ID command, if the 
FDC cannot read the ID field without an error, then 
this flag is set. 

During execution of the READ A TRACK command, 
if the starting sector cannot be found, then this flag 
is set. 

During execution of WRITE DATA, WRITE 
DELETED DATA or FORMAT A TRACK commands, 
if the FDC detects a WP signal from the FDD, then 
this flag is set. 

If the FDC cannot detect the ID Address Mark after 
encountering the index hole twice, then this flag is 
set. 

If the FDC cannot detect the Data Address Mark or 
Deleted Data Address Mark, this flag is set. At the 
same time the MD (Missing Address Mark in data 
field) of Status Register 2 is set. 

TABLE 6-4. STATUS REGISTER 2 BITS 
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MASTER STATUS REGISTER 

NO. 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

BIT 
NAME 

CONTROL MARK 

DATA ERROR 

WRONG 
CYLINDER 

SCAN EQUAL 

SCAN NOT 

BAD CYLINDER 

MISSING 
ADDRESS MARK 
IN DATA FIELD 

SYMBOL 

CM 

DD 

WC 

SH 

SN 

BC 

MD 

WD37C65C 

DESCRIPTION 

Not Used. This bit is always 0 (low). 

During execution of the READ DATA or SCAN Com
mand, if the FDC encounters a sector which con
tains a Deleted Data Address Mark, this flag is set. 

If the FDC detects a CRC error in the data field, 
then this flag is sel. 

This bit is related to the ND bit, and when the con
tents of •• ·C on the medium is different from that 
stored in the IDR, this flag is set. 

During execution of the SCAN command, if the con
dition of "equal" is satisfied, this flag is sel. 

During execution of the SCAN command, if the 
FDC cannot find a sector on the cylinder which 
meets the condition, then this flag is set. 

This bit is related to the ND bit, and when the con
tents of C on the medium is different from that 
stored in the IDR and the contents of C is FF, then 
this flag is set. 

When data is read from the medium, if the FDC can
not find a Data Address Mark or Deleted Data Ad
dress Mark, then this flag is set. 

~----------'. TABLE 6-5. STATUS REGISTER 3 BITS 

11118/91 25-17 



WD37C65C 

BIT 
NO. NAME 

tD? 

D6 WRITE 
PROTECTED 

tD5 READY 

D4 TRACK 0 

tD3 WRITE 
PROTECTED 

D2 HEAD SELECT 

D1 UNIT SELECT 1 

DO UNIT SELECT 2 

SYMBOL 

WP 

RY 

TO 

WP 

HS 

US1 

USO 

MASTER STATUS REGISTER 

DESCRIPTION 

Not used. Will always be logic o. 

This bit is used to indicate the status of the WRITE 
PROTECTED signal from the FDD. 

This bit will always be a logic 1. Drive is presumed 
to be ready. 

This bit is used to indicate the status of the Track 0 
signal from the FDD. 

This bit is used by the WD3?C65C to indicate the 
status of the WRITE PROTECTED signal from the 
FDD. 

This bit is used to indicate the status of the Side 
Select signal to the FDD. 

This bit is used to indicate the status of the Unit 
Select 1 signal to the FDD. 

This bit is used to indicate the status of the Unit 
Select 0 signal to the FDD. 

TABLE 6-6. MASTER STATUS REGISTER BITS 

* CRC - Cyclic Redundancy Check * * * C - Cylinder 

. * * lOR - Internal Data Register t -Different from NEC765 
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DATA REGISTER 

7.0 DATA REGISTER 
The eight-bit Data Register stores data, com
mands, parameters, and FDD status information. 
Data bytes are read out of, or written into, the 
Data Register in order to program or obtain the 
results after a particular command. 

AO RD WR 
0 0 1 
0 1 0 
0 0 0 
1 0 0 
1 0 1 
1 1 0 

WD37C65C 

The relationship between the Master Status 
Register and the Data Register' and the signals 
RD, WR, and AO are shown in Table 7-1. 

FUNCTION 
Read Main Status Register 
Illegal 
Illegal 
Illegal 
Read from Data Register 
Write into Data Reaister 

TABLE 7-1. MASTER STATUS AND DATA REGISTERS RELATIONSHIPS 
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WD37C65C OPERATIONS REGISTER 

8.0 OPERATIONS REGISTER 
The Operations Register provides supportJQg!Q 
that latch~the data bus upon receiving LDOR 
and WR. CS should not be active when this hap
pens. The Operations Register replaces the typi
cal latched port found in floppy subsystems used 

to control disk drive spindle motors and to select 
the desired disk drive. Table 8-1 represents the 
Operations Register. 

NO. SYMBOL DESCRIPTION 
ORO DSEL Drive Select, if low and MOEN1= 1, then DS1 is active. If high and MOEN2 = 

1, then DS2 is active, but only in the AT/EISA mode. 
OR1 (x) This must be a loaic 0 for DS1 and DS2 to become active. 
OR2 SRST Soft reset, active low. 
OR3 DMAEN DMA enable, active in Special and AT/EISA modes. Qualifies DMA and IRQ 

outputs and DACK input. 
OR4 MOEN1 Motor On enable, inverted output M01 is active only in AT/EISA mode. 
OR5 MOEN2 Motor On enable, inverted output M02 is active only in AT/EISA mode. 
ORS I(X) Has no defined function. A spare. 
OR? (MSEL) Mode Select. During a soft reset condition, may be used to select between 

Special mode (1) and AT/EISA mode (0). 

TABLE 8-1. OPERATIONS REGISTER 
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BASE, SPECIAL, AND AT/EISA MODES WD37C65C 

9.0 BASE, SPECIAL, AND AT/EISA MODES 
Base, Special, PC AT and EISA modes allow sub
tle differences which the user may find desirable. 
The Control Register may be used in any mode 
without altering functionality. 

9.1 BASE MODE 

After a hardware reset, RST active. the 
WD37C65C will be held in soft reset, SRST ac
tive, with the normally driven signals, DMA re
quest and IRQ request outputs tri-stated. Base 
mode may be initiated at this time by a chip ac
cess by the host. Although this may be any read 
or write, it is strongly recommended that the Base 
mode user's first chip access be a read of the 
Master Status Register. Once Base mode is 
entered, the soft reset is released, and IRQ and 
DMA are driven. Base mode prohibits the use of 
the Operations Register, hence there can be no 
qualifying by DMAEN and no soft resets. The 
Drive Select outputs, DS1 to DS4, offer a 1 of 4 
decoding of the Unit Select bits resident in the 
command structure. Pin RWC represents Reduce 
Write Current and is indicative of when write 
precompensation is necessary. 

9.2 SPECIAL MODE 

Special mode allows use of the Operations 
Register for the DMAEN signal as a qualifier and 
to do a software driven device reset, SRST. To 
enter Special mode, the Operations Register is 
loaded with (1 X 0 0 X 0 X X), setting mode Select 
to a logic 1 disabling MOEN1 and MOEN2 and 
causing SRST to be active. Then a read of the 
Control Register address, LDCR and RD, places 
the device in Special mode. The DS1 through 
DS4 is again offered in this mode, as is RWC. 

9.3 AT/EISA MODES 

For AT/EISA compatibility, usel§....write to the 
Operations Register, LDOR and WR; this action, 

performed after a hardware reset, or in the Base 
mode, initiates AT/EISA mode. AT/EISA mode can 
also be entered from Special mode by loading the 
Operations Register with (0 X 0 0 X 0 X X), setting 
Mode Select to a logic 0, disabling MOEN1 and 
MOEN2, and causing SRST to be active. Then a 
read of the Control Register address sets the 
device into AT/EISA mode. The DS outputs are 
replaced with the DSEL and MOEN signals buf
fered from the Operations Register. DMAEN and 
SRST are sJmQQrted and compatible with the cur
rent BIOS. RWC pin function is now RPM so that 
users with two-speed drives may reduce spindle 
speed from a nominal 360 revolutions per minute 
to 300 revolutions per minute when active low. It 
can also be used to reduce write current when a 
slower data rate is selected for a given drive. Fig
ure 9-1 illustrates the relationship among the 
three modes. 

Read Master 
Status Reg. 

Hardware 
Reset 

FIGURE 9·1. FLOW DIAGRAM BASE, SPECIAL 
& AT/EISA MODES 
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WD37C65C 

10.0 POLLING ROUTINE 
After ..rurueset the WD37C65C, (a hard RST or 
soft SRST) , will automatically go into a Polling 
routine. In between commands (and between step 
pulses in the SEEK Command), the WD37C65C 
polls all four FDDs looking for a change in the 
Ready line from any of the drives. Since the drive 
is always presumed Ready, an interrupt will only 
be generated following a reset. This occurs be
cause a reset forces Not Ready status, which 
then promptly becomes Ready. Note that in Spe
cial, AT/EISA modes, if DMAEN is not valid 1 ms 
after reset goes inactive, then IRQ may be al-

DS1 \ / 

DS2 \ 

DS4 

DS3 

POLLING ROUTINE 

ready set and pending when finally enabled onto 
the bus. The polling of the Ready line by the 
WD37C65C occurs continuously between com
mands. Each drive is polled every 1.024ms, ex
cept during the READIWRITE commands. For 
mini-floppies, the polling rate is 2.048ms. The 
drive polling sequence is 1-2-4-3. Note that in the 
AT/EISA mode, the user will not see the polling at 
the Drive Select signals. Figure 10-1 illustrates 
the Drive Select Polling Timing. 

/ 

\ I 

\,--------,1 
FIGURE 10-1. DRIVE SELECT POLLING TIMING 
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DEVICE RESETS 

11.0 DEVICE RESETS 
The WD37C65C supports both hardware reset 
(RST) pin (19) and a software reset (SRST) 
through use of the Operations Register. The RST 
pin will cause a device reset for the active dura
tion. RST causes a default to Base mode, and 
selects 250kb MFM (or 125kb FM, code depend
ent) as the data rate (16 MHz input clock). The 
default data rate for a 32 MHz input clock is 500kb 
MFM. SRST will reset the microcontroller as did 
the RST, but will not affect the current data rate 
selection or the mode. RST, when active, will dis
able the high current driver outputs to the disk 

WD37C65C 

drive. RST and SRST will not affect the values set 
for the internal timers - HUT, HTL, and SRT. 

If the XTAL oscillators are used, instead of the 
TTL driven clock inputs, the hardware RST active 
time requirement will be extended. The oscillator 
circuit is designed so that RST will bootstrap the 
circuit into guaranteed oscillation in a fixed 
amount of time. The extended reset time allows 
the growth of the oscillation to produce stable in
ternal clock timing. 
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WD37C65C 

12.0 DATA SEPARATOR 
The Data Separator is a WD92C32 Digital Phase 
Lock Loop Floppy Disk Data Separator (DPLL). It 
was designed to address high performance error 
rates on floppy disk drives, and to provide supe
rior performance in terms of available bit jitter 
tolerance. It contains the necessary logic to 
achieve classical 2nd order, type 2, phase locked 

DATA SEPARATOR 

loop performance. Figure 3-1 illustrates the 
WD92C32 used as the Data Separator in the 
WD37C65C system. Figure 13-1 illustrates the 
WD92C32 simplified block diagram. The bit jitter 
tolerance for the data separator is 60%, which 
guarantees an error rate of <1 OE-9. 
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WRITE PRECOMPENSATION 

13.0 WRITE PRECOMPENSATION 
The WD37C65C maintains the standard first level 
algorithm to determine when write precompensa
tion should be applied. The EARLY and LATE sig
nals are used internally to select the appropriate 
delay in the write data pulse stream. The encoded 
WRITE DATA signal is synchronized to the 16 
MHz or 32 MHz clock if this is the frequency on 
CLK1 pin (23), and clocked through a shift 
register. Signals EARLY, NOM, and LATE deter
mine the amount of delay through the shift 
register before a multiplexer gates the chosen bit 
to the output. The output data pulse width has a 
25% duty cycle, i.e., one fourth of the bit cell 
period, and equal to one half the WCLK period. 

When PCVAL pin (24) = 1, all data will be precom
pensated by ± 125ns, regardless of track number 
and data rate. However, this is only for MFM en-

DATA I 
SYNCHRONIZATION I 

I 
DSKD ... 

L~ TRANSIENT 
RESPONSE 

WD37C65C 

coding. There is no write precompensation for 
FM. If PCVAL = 0, and if a track inside number 28 
is accessed, then ± 187ns precompensation will 
be generated. For frequencies other than 16 MHz 
or 32 MHz on the CLK1 pin, the precompensation 
values will be two and three clock cycles respec
tively. 

When the non-standard 300 kb/s data rate using 
CLK2 is chosen, the MFM precompensation will 
always be two clock cycles. For 9.6 MHz, this is ± 
208ns. In this case, the PCVAL function is dis
abled. 

Write precompensation can be disabled by bit 2 of 
the Control Register for the AT/EISA. The PCVAL 
input to WD37C65C is ignored if there is no write 
precompensation. 

I RDATA I I RE SYNCHRONIZATION I 
t 

PHASE ~I SUMMER I _ SEPCLK 
0 I 
t3 STATE CORRECTIONS 

FILTERING 
w 
>-w 
0 tf i i w 
(J) 
<! 
I DIGITAL -

--0 11. - STEADY INC CONTROLLED 
STATE OSCILLATOR 

FREQUENCY DEC 

- FILTERING 

~ CLOCK GENERATOR I • SCLK 

I I 
REFCLK ... 

t t 
CD1 CDO 

FIGURE 13-1. WD92C32 SIMPLIFIED BLOCK DIAGRAM 
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WD37C65C 

14.0 CLOCK GENERATION 
This logical block provides all the clocks needed 
by the WD37C65C. They are: Sampling Clock 
(SCLK), Write Clock (WCLK), and the Master 
Clock (MCLK). 

SCLK drives the WD92C32 Data Separator used 
during data recovery. This clock's frequency· is al
ways 32 times the selected data rate. 

WCLK is used by the encoder logic to place MFM 
or FM on the serial WD-stream to the disk. WCLK 
always has a frequency two times the selected 
data rate. 

MCLK is used by the microsequencer. MCLK and 
MCLK clock all latches in a two-phase scheme. 
One microinstruction cycle is four MCLK cycles. 
MCLK has a frequency equal to eight times the 
selected MFM data rate or 16 times the FM data 
rate. Table 14-1 presents the Clock Data Rate. 

26 
XT1 

c==:J 
25 

XT1 
*C3 

XT2 23 

c==:J ~C2 
22 

CLOCK GENERA TlON 

Figure 14-1 illustrates the XTAL oscillator circuits 
for the 44-pin PLCC configuration. 

In power down mode the XTAL oscillator and the 
clock circuitry are turned off. 

DATA CODE SCLK MCLK WCLK 
RATE MHz MHz 
1 Mb/s MFM 32.0 8.0 2.0 MHz 
500 kb/s MFM 16.0 4.0 1.0 MHz 
500 kb/s FM 16.0 8.0 1.0 MHz 
250 kb/s FM 8.0 4.0 500 KHz 

250 kb/s MFM B.O 2.0 500 KHz 
125 kb/s FM 4.0 2.0 250KHz 
300 kb/s MFM 9.6 2.4 600 KHz 

TABLE 14-1. CLOCK DATA RATE 

SERIES RESONANT 
XT2 

9.6 MHz;!; 100 ppm 
R series = 30 ohm max 
C shunt = 10 pf max 
C1 = 68 pf 5% mica 
C2 = 56 pf 5% mica 

SERIES RESONANT 
XT1 

XT2 16.0 MHz ± 100 ppm 32 MHz ± ppm 

25-26 

R series = 30 ohm max 
C shunt = 10 pf max 
C3 = 47 pf 5% mica 
C4 = 15 pf 5% mica 

R series = 47.2 ohm 
C shunt = 2 pf max 
C3 = 30 pf 5% mica 
C4 = 30 pf 5% mica 

FIGURE 14-1. CRYSTAL OSCILLATOR CIRCUITS FOR 44-PIN PLCC 
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COMMAND PARAMETERS 

15.0 COMMAND PARAMETERS 
The WD37C65C is capable of performing 15 dif
ferent commands. Each command is initiated by a 
multibyte transfer from the processor. The results 
after execution of the command may also be a 
multibyte transfer back to the processor. The com
mands consist of- three phases: Command phase, 
Execution phase, and the Result phase. 

Command phase - The Floppy Disk 
Controller (FDC) receives all information 
required to perform a particular operation from 
the processor 

Execution phase - The FDC performs the 
operation it was instructed to do. 
Result phase - After completion of the 
operation, status and other housekeeping 
information are made available to the 
processor. 

Table 15-1 lists the 15 WD37C65C commands. 

PHASE RIW D7 D6 D5 D4 D3 

COMMAND W MT MF SK 0 0 
W X X X X X 
W C C C C C 
W H H H H H 
W R R R R R 
W N N N N N 
W EOT EOT EOT EOT EOT 
W GPL GPL GPL GPL GPL 
W DTL DTL DTL DTL DTL 

EXECUTION 

RESULTS R STO STO STO STO STO 
R ST1 ST1 ST1 ST1 ST1 
R ST2 ST2 ST2 ST2 ST2 
R C C C C C 
R H H H H H 
R R R R R R 
R N N N N N 

READ DATA 
READ DELETED DATA 
WRITE DATA 
WRITE DELETED DATA 
READATRACK 
READ 10 
FORMAT A TRACK 
SCAN EQUAL 
SCAN LOW OR EQUAL 
SCAN HIGH OR EQUAL 
RECALIBRATE 
SENSE INTERRUPT STATUS 
SPECIFY 
SENSE DRIVE STATUS 
SEEK 

WD37C65C 

TABLE 15·1. WD37C65C COMMANDS 

Tables 15-1 through 15-16 are presented to show 
the required parameters and results for each com
mand. Most commands require nine command 
bytes and return seven bytes during the result 
phase. The "W" to the left of each byte indicates a 
command phase byte to be written. An "R" indi
cates a result byte. 

D2 D1 DO REMARKS 

1 1 0 Command Codes 
HS US1 usa 
C C C Sector 10 information prior to 
H H H command execution. The four 
R R R bytes are compared against 
N N N header on floppy disk. 
EOT EOT EOT 
GPL GPL GPL 
DTL DTL DTL 

Data transfer between FDD and 
main system. 

STO STO STO Status information after com-
ST1 ST1 ST1 mand execution. 
ST2 ST2 ST2 
C C C 
H H H Sector 10 information after com-
R R R mand execution. 
N N N 

TABLE 15·2. READ DATA 
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WD37C65C COMMAND PARAMETERS 

PHASE RlW D7 D6 DS D4 D3 D2 D1 DO REMARKS 

COMMAND W MT MF SK a 1 1 a a Command Codes 
W X X X X X HS US1 usa 
w C C C C C C C C Sector 10 information prior to 
W H H H H H H H H command execution. The four 
W R R R R R R R R bytes are compared against 
W N N N N N N N N header on floppy disk. 
W EOT EOT EOT EOT EOT EOT EOT EOT 
W GPL GPL GPL GPL GPL GPL GPL GPL 
W DTL DTL DTL DTL DTL DTL DTL DTL 

EXECUTION Data transfer between FDD and 
main system. 

RESULTS R STa STa STa STa STa STa STa STa Status information after com-
R ST1 ST1 ST1 ST1 ST1 ST1 ST1 ST1 mand execution. 
R ST2 ST2 ST2 ST2 ST2 ST2 ST2 ST2 
R C C C C C C C C 
R H H H H H H H H Sector 10 information after com-
R R R R R R R R R mand execution. 
R N N N N N N N N 

TABLE 1S-3.READ DELETED DATA 

PHASE RIW D7 D6 DS D4 D3 D2 D1 DO REMARKS 
COMMAND W MT MF a a a 1 a 1 Command Codes 

W X X X X X HS US1 usa 
w C C C C C C C C Sector 10 information prior to 
W H H H H H H H H command execution. The four 
W R R R R R R R R bytes are compared against 
W N N N N N N N N header on floppy disk. 
W EOT EOT EOT EOT EOT EOT EOT EOT 
W GPL GPL GPL GPL GPL GPL GPL GPL 
W DTL DTL DTL DTL DTL DTL DTL DTL 

EXECUTION Data transfer between FDD and 
main system. 

RESULTS R STa STa STa STa STa STa STa STa Status information after com-
R ST1 ST1 ST1 ST1 ST1 ST1 ST1 ST1 mand execution. 
R ST2 ST2 ST2 ST2 ST2 ST2 ST2 ST2 
R C C C C C C C C 
R H H H H H H H H Sector 10 information after com-
R R R R R R R R R mand execution. 
R N N N N N N N N 

TABLE 15-4. WRITE DATA 
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COMMAND PARAMETERS WD37C65C 

PHASE RIW D7 D6 D5 D4 D3 D2 D1 DO REMARKS 
COMMAND W MT MF 0 0 1 0 0 1 Command Codes 

W X X X X X HS US1 usa 
w C C C C C C C C Sector ID infor.mation prior to 
W H H H H H H H H command execution. The four 
W R R R R R R R R bytes are compared against 
W N N N N N N N N header on floppy disk. 
W EOT EOT EOT EOT EOT EOT EOT EOT 
W GPL GPL GPL GPL GPL GPL GPL GPL 
W DTL DTL DTL DTL DTL DTL DTL DTL 

EXECUTION Data transfer between FDD and 
main system. 

RESULTS R STO STO STO STO STO STO STO STO Status information after com-
R ST1 ST1 ST1 ST1 ST1 ST1 ST1 ST1 mand execution. 
R ST2 ST2 ST2 ST2 ST2 ST2 ST2 ST2 
R C C C C C C C C 
R H H H H H H H H Sector ID information after com-
R R R R R R R R R mand execution. 
R N N N N N N N N 

TABLE 15-5. WRITE DELETED DATA 

PHASE RIW D7 D6 D5 D4 D3 D2 D1 DO REMARKS 
COMMAND W 0 MF SK 0 0 0 1 0 Command Codes 

W X X X X X HS US1 US1 
W C C C C C C C C Sector ID information prior to 
W H H H H H H H H command execution. 
W R R R R R R R R 
W N N N N N N N N 
W EOT EOT EOT EOT EOT EOT EOT EOT 
W GPL GPL GPL GPL GPL GPL GPL GPL 
W DTL DTL DTL DTL DTL DTL DTL DTL 

EXECUTION Data transfer between FDD and 
main system. FDD reads all data 
fields from index hole to EOT. 

RESULTS R STO STO STO STO STO STO STO STO Status information after com-
R ST1 ST1 ST1 ST1 ST1 ST1 ST1 ST1 mand execution. 
R ST2 ST2 ST2 ST2 ST2 ST2 ST2 ST2 
R C C C C C C C C 
R H H H H H H H H Sector 10 information after com-
R R R R R R R R R mand execution 
R N N N N N N N N 

TABLE 15-6. READ A TRACK 
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WD37C65C COMMAND PARAMETERS 

PHASE RIW 07 06 05 04 03 02 01 00 REMARKS 
COMMAND W 0 MF 0 0 1 0 1 0 Command Codes 

W X X X X X HS US1 usa 
EXECUTION The first correct ID information on 

the cylinder is stored in Data 
Register. 

RESULTS R STO STO STO STO STO STO STO STO Status information after command 
R ST1 ST1 ST1 ST1 ST1 ST1 ST1 ST1 execution. 
R ST2 ST2 ST2 ST2 ST2 ST2 ST2 ST2 
R C C C C C C C C 
R H H H H H H H H Sector ID information read during 
R R R R R R R R R Execution Phase from floppy 
R N N N N N N N N disk. 

TABLE 15·7. REAO 10 

PHASE RIW 07 06 05 04 03 02 01 00 REMARKS 
COMMAND W 0 MF 0 0 1 1 0 1 Command Codes 

W X X X X X HS US1 USO 
W N N N N N N N N Bytes/Sector 
W SC SC SC SC SC SC SC SC SectorslTrack 
W GPL GPL GPL GPL GPL GPL GPL GPL Gap 3 
W D D D D D D D D Filler~te 

EXECUTION Floppy Disk Controller (FDC) for-
mats an entire track. 

RESULTS R STO STO STO STO STO STO STO STO Status information after com-
R ST1 ST1 ST1 ST1 ST1 ST1 ST1 ST1 mand execution. 
R ST2 ST2 ST2 ST2 ST2 ST2 ST2 ST2 
R C C C C C C C C 
R H H H H H H H H In this case, the ID information 
R R R R R R R R R has no meaning. 
R N N N N N N N N 

TABLE 15·8. FORMAT A TRACK 
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PHASE RIW 07 06 05 04 03 02 01 00 REMARKS 
COMMAND W MT MF SK 1 a a a 1 Command Codes 

W X X X X X HS US1 usa 
W C C C C C C C C SectorlD information prior to 
W H H H H H H H H command execution. 
W R R R R R R R R 
W N N N N N N N N 
W EOT EOT EOT EOT EOT EDT EOT EOT 
W GPL GPL GPL GPL GPL GPL GPL GPL 
W STP STP STP STP STP STP STP STP 

EXECUTION Data compared between FDD 
and main system. 

RESULTS R STa STa STa STa STa STa STa STa Status information after com-
R ST1 ST1 ST1 ST1 ST1 ST1 ST1 ST1 mand execution. 
R ST2 ST2 ST2 ST2 ST2 ST2 ST2 ST2 
R C C C C C C C C 
R H H H H H H H H Sector ID information after com-
R R R R R R R R R mand execution. 
R N N N N N N N N 

TABLE 15--3. SCAN EQUAL 

PHASE RIW 07 06 05 04 03 02 01 00 REMARKS 
COMMAND W MT MF SK 1 1 a a 1 Command Codes 

W X X X X X HS US1 usa 
W C C C C C C C C Sector ID information prior to 
W H H H H H H H H command execution. 
W R R R R R R R R 
W N N N N N N N N 
W EDT EOT EDT EOT EDT EDT EDT EDT 
W GPL GPL GPL GPL GPL GPL GPL GPL 
W STP STP STP STP STP STP STP STP 

EXECUTION Data compared between FDD 
and main system. 

RESULTS R STa STa STa STa STa STa STa STa Status information after com-
R ST1 ST1 ST1 ST1 ST1 ST1 ST1 ST1 mand execution. 
R ST2 ST2 ST2 ST2 ST2 ST2 ST2 ST2 
R C C C C C C C C 
R H H H H H H H H Sector ID information after com-
R R R R R R R R R mand execution 
R N N N N N N N N 

TABLE 15-10. SCAN LOW OR EQUAL 
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PHASE RJW 07 06 05 04 03 02 01 00 REMARKS 

COMMAND W MT MF SK 1 1 1 a 1 Command Codes 
W X X X X X HS US1 usa 
W C C C C C C C C Sector 10 information prior to 
W H H H H H H H H command execution. 
W R R R R R R R R 
W N N N N N N N N 
W EOT EOT EOT EOT EOT EOT EOT EOT 
W GPL GPL GPL GPL GPL GPL GPL GPL 
W STP STP STP STP STP STP STP STP 

EXECUTION Data compared between FDD 
and main system. 

RESULTS R STO STa STa STO STa STa STa STa Status information after command 
R ST1 ST1 ST1 ST1 ST1 ST1 ST1 ST1 execution. 
R ST2 ST2 ST2 ST2 ST2 ST2 ST2 ST2 
R C C C C C C C C 
R H H H H H H H H Sector 10 information after com-
R R R R R R R R R mand execution. 
R N N N N N N N N 

TABLE 15-11. SCAN HIGH OR EQUAL 

PHASE RIW 07 06 05 04 03 02 01 00 REMARKS 
COMMAND W 0 0 a a a 1 1 1 Command Codes 

W X X X X X a US1 usa 
EXECUTION Head retracted to Track zero. 

TABLE 15-12. RECALIBRATE 

The WD37C65C issues 77 step pulses, the same 
as the NEC765. 

PHASE RIW 07 06 05 04 03 02 01 00 REMARKS 
COMMAND W a a a a 1 a a a Command Codes 
RESULTS R STa STO STO STa STa STa STa STa Status information about the FDC 

R PCN PCN PCN PCN PCN PCN PCN PCN at the end of seek operation 

TABLE 15-13. SENSE INTERRUPT STATUS 
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PHASE RIW 07 06 05 04 03 02 01 DO REMARKS 
COMMAND W 0 0 0 0 0 0 1 1 Command Codes 

W SRT SRT SRT SRT HUT HUT HUT HUT 
W HLT HLT HLT HLT HLT HLT HLT NO 

TABLE 15-14. SPECIFY 

PHASE RIW 07 06 05 04 03 02 01 DO REMARKS 
COMMAND W a a a a a a a a Command Codes 

W X X X X X HS US1 usa 
RESULTS R ST3 ST3 ST3 ST3 ST3 ST3 ST3 ST3 Status information about the 

FDC. 

TABLE 15-15.SENSE DRIVE STATUS 

PHASE RIW 07 06 05 04 03 02 01 DO REMARKS II 
COMMAND W a a a a 1 1 1 1 Command Codes 

W X X X X X HS US1 usa 
w NCN NCN NCN NCN NCN NCN NCN NCN 

EXECUTION Head is positioned over 
proper cylinder on the 
diskette. 

TABLE 15-16. SEEK 
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Table 15-17 defines, in alphabetical order, the symbols used in Command Tables 15-1 through 15-16. 

SYMBOL NAME DESCRIPTION 

AO ADDRESS LINE 0 AO controls selection of Main Status Register (AO=O) or Data Register 
(AO=1). 

C CYLINDER NUMBER C stands for the current/selected cylinder (track) numbers 0 through 255 
of the medium. 

D DATA D stands for the data pattern which is going to be written into a sector. 

D7 - DO DATA BUS 8-bit DATA BUS, where D7 stands for a most significant bit, and DO 
stands for a least significant bit. 

DTL DATA LENGTH When N is defined as 00, DTL stands for the DATA LENGTH which users 
are going to read out or write into the sector. 

EOT END OF TRACK EOT stands for the final sector number on a cylinder. During Read or 
Write operations, FDC will stop data transfer after a sector number equal 
to EOT. 

GPL GAP LENGTH GPL stands for the length of Gap 3. During the FORMAT Command, it 
determines the size of Gap 3. 

H HEAD ADDRESS H stands for head number 0 or 1 as specified in the ID field. 

HL T HEAD LOAD TIME HLT stands for the HEAD LOAD TIME· in FDD (2 to 254ms in 2ms incre
ments). 

HS HEAD SELECT HS stands for a selected head number 0 or 1 and controls the polarity of 
pin 25 (in 40 pin DIP) or pin 28 (in 44 pin PLCC). 

HUT HEAD UNLOAD TIME HUT stands for the HEAD UNLOAD TIME after a Read or Write operation 
has occurred (16 to 240ms in 16ms increments). 

MF FMor MFM If MF is low, FM mode is selected. If it is high, MFM mode is selected. 

MT MULTITRACK If MT is high, a MULITRACK operation is performed. If MT =1 after finish
ing ReadlWrite operation on side 0, FDC will automatically start searching 
for sector 1 on side 1. 

N NUMBER N stands for the NUMBER of data bytes written in a sector. 

NCN NEW CYLINDER NCN stands for a NEW CYLINDER NUMBER which is going to be 
NUMBER reached as a result of the Seek operation. Desired position of head. 

ND NON-DMA MODE ND stands for operation in the NON-DMA MODE. 

PCN PRESENT CYLINDER PCN stands for the cylinder number at the completion of the SENSE IN-
TERRUPT STATUS Command. Position of head at present time. 

TABLE 15·17. COMMAND SYMBOL DESCRIPTIONS 
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SYMBOL NAME 

R RECORD 

RIW READIWRITE 

SC SECTOR 

SK SKIP 

SRT STEP RATE TIME 

STO STATUS 0 
ST1 STATUS 1 
ST2 STATUS 2 
ST3 STATUS 3 

STP 

USO,US1 UNIT SELECT 

WD37C65C 

DESCRIPTION 

R stands for the sector number which will be read or written. 

RIW stands for either READ or WRITE signal. 

SC indicates the number of sectors per cylinder. 

SK stands for SKIP Deleted Data Address mark. 

SRT stands for the Stepping Rate for the FDD (1 to 16ms in 1 ms incre
ments). Stepping Rate applies to all drives. In 2's complement format, 
F(Hex)=1ms, E(Hex)=2ms, etc. 

STO-3 stands for one of four registers which store the STATUS informa
tion after a command has been executed. This information is available 
during the result phase after command execution. These registers should 
not be confused with the Main Status Register (selected by AO=O). STO-3 
may be read only after a command has been executed and contains infor
mation relevant to that particular command. 

During a SCAN operation, if STP=1, the data in contiguous sectors is com
pared byte by byte with data sent from the processor (or DMA); if STP=2, 
then alternate sectors are read and compared. 

US stands for a selected drive; binary encoded, 1 of 4. 

TABLE 15-17. COMMAND SYMBOL DESCRIPTIONS (CONTINUED) 
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16.0 COMMAND DESCRIPTIONS 
16.1 READ DATA 

A set of nine byte words are required to place the 
FDC into the Read Data Mode. After the Read 
Data command has been issued, the FDC loads 
the head (if it is in the unloaded state), waits the 
specified head settling time (defined in the Specify 
Command), and begins reading ID Address Marks 
and ID fields. When the current sector num
b~r("R") stored in the ID Register(IDR) compares 
with the sector number read off the diskette, then 
the FDC outputs data (from the data field) byte-to
byte to the main system via the data bus. 

After completion of the read operation from the 
current sector, the Sector Number is incremented 
by one, and the data from the next sector is read 
and output on the data bus. This continuous read 
function is called a "Multi-sector Read Operation." 
The Re~d Data Com.mand may be terminated by 
the receipt of a Terminal Count signal. TC should 
be issued at the same time that the DACK for the 
last byte of data is sent. Upon receipt of this sig
nal, the FDC stops outputting .data to the 
processor, but will continue to read data from the 
current sector, check CRC (Cyclic Redundancy 
Count) bytes, and then at the end of the sector 
terminate the Read Data command. The amount 
of data which can be handled with a single com
mand to the FDC depends upon MT (multitrack), 
MF (MF~/FM), and N (number of bytes/sector). 
Table 31 lists the Transfer Capacity. 

Multl- MFMI Bytes Maximum Transfer Final Sector Read 
Track FM ISect Capacity From 
MT MF or (ByteS/Seclor) Diskettes 

N Number of Sectors 

0 0 00 (128)(26)=3,328 26 at Side 0 or 
0 1 01 (256)(26)=6,656 26 at Side 1 

1 0 00 (128)(52)=6,656 26 at Side 1 
1 1 01 (256)(52)=13,312 

0 0 01 (256)(15)=3,840 15 at Side 0 
0 1 02 (512)(15)=7,680 

1 0 01 (256)(30)=7,680 15 at Side 1 
1 1 02 (512)(15)= 15,360 

0 0 02 (512)(8)=4,096 8 at Side 1 or 
0 1 03 (1024)(8)=8,192 8 at Side 1 

1 0 02 (512)(16)=8,192 8 at Side 1 
1 1 03 (1024)(16)=16,384 

TABLE 16·1. TRANSFER CAPACITY 

The "multi-track" function (MT) allows the FDC to 
read data from both sides of the diskene. For a 
particular cylinder, data will be transferred starting 
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a~ Sector 1, Side 0 and completing at Sector L, 
Side 1 (Sector L = last sector on the side). Note, 
this function pertains to only one cylinder (the 
same track) on each side of the diskette. 

When N = 0, then DTL defines the data length 
which the FDC must treat as a sector. If DTL is 
smaller than the actual data length in a sector, the 
data beyond DTL in the sector is not sent to the 
Data Bus. The FDC reads (internally) the com
plete sector performing the CRC check, and 
depending upon the manner of command termina
tion, may perform a Multi-Sector Read operation. 
When N is non-zero, then DTL has no meaning 
and should be set to FF hexidecimal. 

At the completion of the Read Data command the 
head is not unloaded until after Head Unload 
Time Interval (specified in the Specify command) 
has elapsed. If the processor issues another com
mand before the head unloads, then the head set
tling time may be saved between subsequent 
reads. This time out is particularly valuable when 
a diskette is copied from one drive to another. 

If the FDC detects the Index Hole twice without 
finding the right sector, (indicated in 'R'), then the 
FDC sets the ND (No Data) flag in Status Register 
1 to a 1 (high), and terminates the Read Data 
command. (Status Register 0 also has bits 7 and 
6 set to 0 and 1 respectively.) 

After reading the I D and Data Fields in each sec
tor, the FDC checks the CRC bytes. If a read error 
is detected (incorrect CRC in ID field), the FDC 
sets the DE (Data Error) flag in Status Register 1 
to 1 (high). If a CRC error occurs in the Data 
Field, the FDC also sets the DD (Data Error in 
Data Fiel?) flag in Status Register 2 to a 1 (high), 
and terminates the Read Data command. (Status 
Register 0 also has bits 7 and 6 set to 0 and 1 
respectively. ) 

If the FDC reads a Deleted Data Address Mark off 
the diskette, and the SK bit (bit D5 in the first 
Command Word) is not set (SK = 0), then the 
FDC sets the CM (Control Mark) flag in Status 
Register 2 to a 1 (high), and terminates the Read 
Data command, after reading all the data in the 
sector. If SK = 1, the FDC skips the sector with 
the Deleted Data Address Mark and reads the 
next sector. The CRC bits in the deleted data field 
are not checked when SK = 1. 
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During disk data transfers between the FDC and 
the processor, via the data bus, the FDC must be 
serviced by the processor every 27 ~s in the FM 
mode, and every 13 ~s in the MFM mode, or the 
FDC sets the OR (Overrun) flag in Status Register 
1 to a 1 (high), and terminates the Read Data 
command. 

If the processor terminates a read (or write) 
operation in the FDC, then the 10 information in 
the Result phase is dependent upon the state of 
the MT bit and EOT byte. Table 16-2 shows the 
values for C, H, R, and N, when the processor 
terminates the command. 

Final Sector 
MT HO Transferred 10 Information at Result 

to Procesor Phase 
C H R N 

0 0 Less than EOT NC NC R+1 NC 

0 0 Equal to EOT C+1 NC R=O NC 

0 1 Less than EOT NC NC R+1 NC 

0 1 Equal to EOT C+1 NC R=O NC 

1 0 Less than EOT NC NC R+1 NC 

1 0 Equal to EOT NC LSB R=O NC 

1 1 Less than EOT NC NC R+1 NC 

1 1 Equal to EOT C+1 LSB R=O NC 

TABLE 16·2. C, H, R, AND N VALUES 
Notes: 
NC (No Change): The same value as the one at the beginning of 
command execution. 
LSB (Least Significant bit): The least significant bit of H is com
plemented. 

16.2 WRITE DATA 

A set of nine bytes is required to set the FDC into 
the Write Data mode. After the Write Data com
mand has been issued the FDC loads the head (if 
it is in the unloaded state), waits the specified 
head settling time (defined in the Specify com
mand), and begins reading 10 fields. When all four 
bytes loaded during the command (C, H, R, N) 
match the four bytes of the 10 field from the dis
kette, the FDC takes data from the processor 
byte-by-byte via the data bus and outputs it to the 
FDD. 

After writing data into the current sector, the sec
tor number stored in 'R' is incremented by one, 
and the next data field is written into. The FDC 
continues this 'Multisector Write Operation' until 
the issuance of a Terminal Count signal. If a Ter
minal Count signal is sent to the FDC it continues 
writing into the current sector to complete the data 
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field. If the Terminal Count signal is received while 
a data field is being written, then the remainder of 
the data field is filled with zeros. 

The FDC reads the 10 field of each sector and 
checks the CRC bytes. If the FDC detects a read 
error (CRC error) in one of the 10 fields, it sets the 
DE (Data Error) flag of Status Register 1 to a 1 
(high) and terminates the Write Data command. 
(Status Register 0 also has bits 7 and 6 set to 0 
and 1 respectively.) 

The Write command operates in much the same 
manner as the Read command. The following 
items are the same, and one should refer to the 
Read Data command for details: 

• Transfer capacity 
• EN (End of Cylinder) flag 

• NO (No Data) flag 
• Head Unload Time interval 
• 10 Information when the processor terminates 

command 

• Definition of DTL when N = 0 and when N i'O 

In the Write Data mode, data transfers between 
the processor and FDC via the data bus, must ,. 
occur every 27 ~s in the FM mode and every 13 
~s in the MFM mode. If the time interval between 
data transfers is longer than this, then the FDC 
sets the OR (Overrun) flag in Status Register 1 to 
a 1 (high) and terminates the Write Data com-
mand. (Status Register 0 also has bits 7 and 6 set 
to 0 and 1 respectively.) 

16.3 WRITE DELETED DATA 

This command is the same as the Write Data 
command except a Deleted Data Address mark is 
written at the beginning of the data field instead of 
the normal Data Address mark. 

16.4 READ DELETED DATA 

This command is the same as the Read Data 
command except that when the FDC detects a 
Data Address mark at the beginning of a data field 
(and SK = 0 [low]), it will read all the data in the 
sector and set the CM flag in Status Register 2 to 
a 1 (high), and then terminate the command. If SK 
= 1, then the FDC skips the sector with the Data 
Address mark and reads the next sector. 
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16.5 READ A TRACK 

This command is similar to the Read Data com
mand except that this is a continuous Read 
operation where the entire data field from each of 
the sectors is read. Immediately after sensing the 
index hole, the FDC starts reading all data fields 
on the track as continuous blocks of data. If the 
FDC finds an error in the ID or Data CRC check 
bytes, it continues to read data from the track. 
The FDC compares the ID information read from 
each sector with the value stored in the IDR and 
sets the ND flag of Status Register 1 to a 1 (high) 
if there is no comparison. Multitrack or skip opera
tions are not allowed with this command. 

This command terminates when the number of 
sectors read is equal to EDT. If the FDC does not 
find an 10 Address mark on the diskette after it 
senses the index hold for the second time, it sets 
the MA (Missing Address mark) flag in Status 
Register 1 to a 1 (high) and terminates the com
mand. (Status Register 0 has bits 7 and 6 set to 0 
and 1 respectively.) 

16.6 READ ID 

The Read ID command is used to give the 
present position of the recording head. The FOC 
stores the values from the first ID field it is able to 
read. If no proper ID Address mark is found on the 
diskette before the index hole is encountered for 
the second time, then the MA (Missing Address 
mark) flag in Status Register 1is set to a 1 (high), 
and if no data is found then the ND (No Data) flag 
is also set in Status Register 1 to a 1 (high). The 
command is then terminated with bits 7 and 6 in 
Status Register 0 set to 0 and 1 respectively. 
During this command there is no data transfer 
between FDC and the CPU except during the 
result phase. 
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16.7 FORMAT A TRACK 

The Format command allows an entire track to be 
formatted. After the index hole is detected, data is 
written on the diskette; Gaps, Address marks, ID 
fields and data fields, all per the IBM System 34 
(double density) or System 3740 (single density) 
format are recorded. The particular format which 
will be written is controlled by the values 
programmed into N (number of bytes/sector), SC 
(sectors/cylinder), GPL (gap length), and D (data 
pattern) which are supplied by the processor 
during the Command phase. The data field is 
filled with the byte of data stored in D. The ID field 
for each sector is supplied by the processor; that 
is, four data requests per sector are made by the 
FDC for C (cylinder number), H (head number), R 
(sector number) and N (number of bytes/sector). 
This allows the diskette to be formatted with non
sequential sector numbers, if desired. 

The processor must send new values for C, H, R, 
and N to the WD37C65C for each sector on the 
track. If FDC is set for the DMA mode, it will issue 
four DMA requests per sector. If it is set for the 
Interrupt mode, it will issue four interrupts per sec
tor and the processor must supply C, H, R, and N 
loads for each sector. The contents of the R 
register are incremented by 1 after each sector is 
formatted; thus, the R register contains a value of 
R when it is read during the Result phase. This 
incrementing and formaning continues for the 
whole track until the FDC detects the index hole 
for the second time, whereupon it terminates the 
command. 
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Table 16-3 shows the relationship between N, SC, 
and GPL for various sector sizes. 

Format Sector Size N SC GPL GPL 
Bytes/sector 1 2,3 

8" Standard Floppy 

128 00 1A 07 18 

256 01 OF OE 2A 

FM Mode 512 02 08 18 3A 
1024 03 04 47 8A 
2048 04 02 C8 FF 

4096 05 01 C8 FF 

256 01 1A OE 36 
512 02 OF 18 54 

MFM 
1024 03 08 35 74 

Mode 
2048 04 04 99 FF 
4096 05 02 C8 FF 
8192 06 01 C8 FF 

5 114" Minifloppy 

128 00 12 07 09 

128 00 10 10 19 

FM Mode 
256 01 08 18 30 
512 02 04 46 87 

1024 03 02 C8 FF 

2048 04 01 C8 FF 

256 01 12 OA OC 
256 01 10 20 32 

MFM 
512 02 08 2A 50 

Mode 
1024 03 04 80 FO 

2048 04 02 C8 FF 

4096 05 01 C8 FF 
3112" Sony Microfloppv 

128 0 OF 07 18 
FM Mode 256 1 09 OE 2A 

512 2 05 18 3A 

256 1 OF OE 36 
MFM 512 2 09 18 54 
Mode 

1024 3 05 35 74 

TABLE 16-3. N, SC AND GPL RELATIONSHIP 
Notes: 
1. Suggested values of GPL in Read 0, Write commands to 
avoid splice pOint between data field and 10 field of contiguous 
sections. 
2. Suggested values of GPL in format command. 
3. All values except sector size are hexadecimal. 
4 In MFM mode FOG cannot perform a ReadlWritelformat 
operation with 126 bytes/sector. (N=OO) 
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16.8 SCAN COMMANDS 

The Scan commands allow data which is being 
read from the diskette to be compared against 
data which is being supplied from the main sys
tem. The FOC compares the data on a byte-by
byte basis and looks for a sector of data which 
meets the conditions of OFOO = OProcessor, OFDO::; 
OProcessor, or OFDO :e: OProcessor. The hexidecimal 
byte of FF either from memory or from FOO can 
be used as a mask byte because it always meets 
the condition of the comparison. Ones comple
ment arithmetic is used for comparison (FF = 
largest number, 00 = smallest number). After a 
whole sector of data is compared, if the conditions 
are not met, the sector number is incremented (R 
+ STP -8 R), and the scan operation is continued. 
The scan operation continues until one of the fol
lowing conditions occur: the conditions for scan 
are met (equal, low, or high), the last sector on the 
track is reached (EOT), or the terminal count sig
nal is received. 

If the conditions for scan are met, then the FOC 
sets the SH (Scan Hit) flag of Status Register 2 to 
a 1 (high) and terminates the Scan command. If 
the conditions for scan are not met between the 
starting sector (as specified by R) and the last 
sector on the cylinder (EOT), then the FOC sets 
the SN (Scan Not Satisfied) flag of Status 
Register 2 to a 1 (high) and terminates the Scan 
command. The receipt of a Terminal Count signal 
from the processor or OMA controller durring the 
scan operation will cause the FOC to complete 
the comparison of the particular byte which is in 
process and then to terminate the command. 
Table 16-4 shows the status of bits SH and SN 
under various conditions of Scan. 
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Command StatUI! Begil!te[ 2 Comments 
Bit 2=SN Bit 3=SH 

Scan Equal 0 1 DFFD=D Processor 

Scan Equal 1 0 DFFO:tD Processor 

Scan Low or 0 1 DFFO:;:;;;D Processor 

Equal 
Scan Low or 0 0 DFFD<D Processor 

Equal 
Scan Low or 1 0 DFFD>D Processor 

Equal 
Scan Low or 0 1 DFFO=D Processor 

Equal 
Scan High or 0 0 DFFD>D Processor 

Equal 
Scan High or 1 0 DFFD<D Processor 

Equal 

TABLE 16-4. STATUS OF BITS SH AND SN 

If the FDC encounters a Deleted Data Address 
mark on one of the sectors (and SK = 0), then it 
regards the sector as the last sector on the 
cylinder, sets the CM (Control mark) flag of Status 
Register 2 to a 1 (high) and terminates the com
mand. If SK = 1, the FDC skips the sector with the 
Deleted Address mark and reads the next sector. 
In the second case (SK = 1), the FDC sets the 
CM (Control mark) flag of Status Register 2 to a 1 
(high) in order to show that a deleted sector had 
been encountered. 

When either the STP (contiguous sectors = 01, or 
alternate sectors = 02) sectors are read or the MT 
(Multitrack) is programmed, it is necessary to 
remember that the last sector on the track must 
be read. For example, if STP = 02, MT = 0, the 
sectors are numbered sequentially 1 through 26 
and the Scan command is started at sector 21, 
the following will happen: sectors 21, 23, and 25 
will be read, then the next sector (26) will be 
skipped and the index hole will be encountered 
before the EOT value of 26 can be read. This will 
result in an abnormal termination of the com
mand. If the EOT had been set at 25 or the scan
ning started at sector 20, then the Scan command 
would be completed in a normal manner. 

During the Scan command, data is supplied by 
either the processor or DMA controller for com
parison against the data read from the diskette. In 
order to avoid having the OR (Overrun) flag set in 
Status Register 1, it is necessary to have the data 
available in less than 27 ).ls (FM mode) or 13 ).lS 
(MFM mode). If an Overrun occurs, the FDC ends 
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the command with bits 7 and 6 of Status Register 
o set to 0 and 1, respectively. 

16.9 SEEK 

The ReadlWrite head within the FDD is moved 
from cylinder to cylinder under control of the Seek 
command. FDC has four independent Present 
Cylinder Registers for each drive. They are 
cleared only after the Recalibrate command. The 
FDC compares the PCN (Present Cylinder Num
ber) which is the current head position with the 
NCN (New Cylinder Number), and if there is a 
difference, performs the following operations: 
PCN < NCN: Direction signal to FDD set to a 1 

(high), and step pulses are issued. 
(Step In) 

peN> NCN: Direction signal to FDD set to a 0 
(low), and step pulses are issued. 
(Step Out) 

The rate at which step pulses are issued is con
trolled by SRT (Stepping Rate Time) in the 
Specify command. After each step pulse is issued 
NCN is compared against PCN, and when NCN = 
PCN, the SE (Seek End) flag is set in Status 
Register 0 to a 1 (high), and the command is 
terminated. At this point FDC interrupt goes high. 
Bits DoB-D3B in the Main Status Register are set 
during the Seek operation and are cleared by the 
Sense Interrupt Status command. 

During the command phase of the Seek operation 
the FDC is in the FDC Busy state; but during the 
Execution phase, it is in the non-busy state. While 
the FDC is in the non-busy state, another Seek 
command may be issued, and in this manner 
parallel Seek operations may be done on up to 
four drives at once. No other command can be 
issued as long as the FDC is in the process of 
sending step pulses to any drive. 

If the time to write three bytes of Seek command 
exceeds 150 ).lS, the timing between the first two 
step pulses may be shorter than that set in the 
Specify command by as much as 1 ms. 

16.10 RECALIBRATE 

The function of this command is to retract the 
Read/Write head within the FDD to the Track 0 
position. The FDC clears the contents of the PCN 
counter and checks the status of the Track 0 sig
nal from the FDD. As long as the Track 0 signal is 
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low, the Direction signal remains 0 (low) and step 
pulses are issued. When the Track 0 signal goes 
high, the SE (Seek End) flag in Status Register 0 
is set to a 1 (high) and the command is ter
minated. If the Track 0 signal is still low after 255 
step pulses have been issued, (for the WD37C65 
and the WD37C6SA) or 77 step pulses 
(WD37C658/C), the FOC sets the SE (Seek End) 
and EC (Equipment Check) flags of Status 
Register 0 to both 1 s (highs), and terminates the 
command after bits 7 and 6 of Status Register 0 
are set to 0 and 1 respectively. 

The ability to do overlap Recalibrate commands to 
multiple FDDs and the loss of the Ready signal, 
as described in the Seek command, also applies 
to the Recalibrate command. 

16.11 SENSE INTERRUPT STATUS 

An Interrupt signal is generated by the FDC for 
one of the following reasons: 

1. Upon entering the Result phase of: 
a. Read Data command 
b. Read A Track command 
c. Read 10 command 
d. Read Deleted Data command 
e. Write Data command 
f. Format A Cylinder command 
g. Write Deleted Data command 
h. Scan commands 

2. Ready line of FDD changes state 

3. End of Seek or Recalibrate command 

4. During Execution phase in the non-DMA mode 

Interrupts caused by reasons 1 and 4 above 
occur during normal command operations and are 
easily discernible by the processor. During an Ex
ecution phase in non-DMA mode, 085 in the Main 
Status Register is high. Upon entering the Result 
phase, this bit gets cleared. Reasons 1 and 4 do 
not require Sense Interrupt Status commands. 
The interrupt is cleared by Reading/Writing data 
to the FDC. Interrupts caused by reasons 2 and 3 
above may be uniquely identified with the aid of 
the Sense Interrupt Status command. This com
mand, when issued, resets the Interrupt signal 
and via bits 5, 6, and 7 of Status Register 0 iden
tifies the cause of the interrupt. 

WD37C65C 

Seek End Interru~t Code 
BillS Bit 6 Bit 7 Cause 
0 1 1 Ready Line changed state, either 

polarity 

1 0 0 Normal Termination of Seek or 
Recalibrate command 

1 1 0 Abnormal Termination of Seek or 
Recalibrate command 

TABLE 16-5. INTERRUPT CAUSE 

The Sense Interrupt Status command is used in 
conjunction with the Seek and Recalibrate com
mands which have no Result phase. When the 
disk drive has reached the desired head position, 
the WD37C65C will set the Interrupt line true. The 
host CPU must then issue a Sense Interrupt 
Status command to determine the actual cause of 
the interrupt, which could be Seek End or a 
change in ready status from one of the drives. 
See Figure 16-1 . 

The Specify command sets the initial values for 
each of the three internal timers. The HUT (Head 
Unload Time) defines the time from the end of the 
Execution phase of one of the ReadIWrite com
mands to the head unload state. This timer is 
programmable from 16 to 240ms in increments of 
16ms (01 = 16ms, 02 =32 ms ... OF16 = 240ms). 
The SRT (Step Rate Time) defines the time inter-II 
val between adjacent step pulses. This timer is 
programmable from 1 to 16 ms in increments of 1 
ms (F = 1 ms, E = 2ms, 0 = 3ms, etc.). The HlT 
(Head load Time) defines the time between when 
the Head load signal goes high and the 
Read/Write operation starts. This timer is 
programmable from 2 to 254 ms in increments of 
2 ms (01 = 2ms, 02 = 4ms, 03 = 6ms ... 7F = 
254ms). 

The time intervals mentioned above are a direct 
function of the clock (elK on pin 23). Times indi
cated above are for a 16MHz clock; if the clock 
was reduced to 8MHz, then all time intervals are 
increased by a factor of 2. If the clock was in
creased to 32 MHz, then all time intervals are 
decreased by half. 

The choice of DMA or non-DMA operation is 
made by the NO (Non-DMA) bit. When this bit is 
high (NO = 1), the Non-DMA mode is selected; 
and when NO = 0, the DMA mode is selected. 
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FIGURE 16-1. SEEK, RECALIBRATE, AND SENSE INTERRUPT 

16.12 SENSE DRIVE STATUS 

This command may be used by the processor to 
obtain the status of the FOOs. Status Register 3 
contains the Drive Status information stored inter
nally in FOG registers. 

16.13 INVALID 

If an Invalid command is sent to the FOG (a com
mand not defined above), then the FOG will ter
minate the command after bits 7 and 6 of Status 
Register 0 are set to 1 and 0 respectively. No 
interrupt is generated during this condition. Bits 6 

and 7 (010 and ROM) in the Main Status Register 
are both high (1), indicating to the processor that 
the W037G65G is in the Result phase and the 
contents of Status Register 0 (STO) must be read. 
When the processor reads Status Register 0, it 
will find an 80 hex, indicating an Invalid command 
was received. 
A Sense Interrupt Status command must be sent 
after a Seek or Recalibrate interrupt; otherwise 
the FOG will consider the next command to be an 
invalid command. In some applications, the user 
may wish to use this command as a No-Op com
mand to place the FOG in a standby or No Opera
tion state. 
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Index Repeat N Times --------1 

FIGURE 16-2. WD37C65C FM MODE FORMAT 

Index f----------- Repeat N Times 

FIGURE 16-3. WD37C65C MFM MODE FORMAT 

No. WD37C651 AlB WD37C65/C 
1. 2 XTAL oscillators. 2 XTAL oscillators. 

- 16 MHz for standard data rate - 32 MHz for standard data rate 
(up to 500kb/s MFM). (up to 1 Mb/s MFM) or 16 MHz for 

standard data rate (up to 500kb/s MFM). 
- 9.6 MHz for non-standard rate. - 9.6 MHz for non-standard rate. 
. (300 kb/s PCAT) (300 kb/s AT/EISA) 

2. Supports data rate up to 500 Kb/s. Supports data rate up to 1 Mb/s 
3. Does not support power down mode. Supports power down mode feature, 

standby ICC = 100 IlA max. 
4. PCVAL pin for selecting the precomp PCVAL pin for selecting the precomp values 

values. and a feature to disable write precomp. 

TABLE 16-6. DIFFERENCES BETWEEN WD37C65/A/B AND WD37C65C 
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17.0 DC ELECTRICAL SPECIFICATIONS 
17.1 MAXIMUM RATINGS 

Operating Temperature OOC (32°F) to 70°C 
(158°F) 

Storage Temperature -55°C (-67°F) 
+ 125°C (257°F) 

to 

Voltage on any pin with -0.3V to VCC +0.3V 
respect to ground 
Supply Voltage with 7V 
respect to ground 

NOTE 

Maximum limits indicate where permanent device 
damage occurs. Continuous operation at these 
limits is not intended and should be limited to 
those conditions specified in the DC Operating 
Characteristics. 

DC ELECTRICAL SPECIFICA T/ONS 

17.2 STANDARD TEST CONDITIONS 

The characteristics below apply for the following 
standard test conditions, unless otherwise noted. 
All voltages are referenced to ground. 

Operating temperature OOC (32°F) to 70°C 
range m\") (158F) 
Power supply voltage +5V ± 10% 
(VCC) 

25-44 11/18/91 



DC ELECTRICAL SPECIFICA T/ONS WD37C65C 

17.3 DC OPERATING CHARACTERISTICS 

SYMBOL PARAMETER MIN MAX UNITS 
VCC +5VDC Power Supply 4.5 5.5 V 

VIL Input Low Voltage - Data Bus & XTOSC --- 0.8 V 

VIH Input High Volt - Data Bus & XTOSC 2.0 --- V 

VILT Input Low Threshold - Schmitt Trigger 0.8 1.1 V 

VIHT Input High Threshold - Schmitt Tri~mer 1.7 2.0 V 

VHYS Schmitt Trigger Hysterisis 0.45 --- V 

VOL Output Low- DBx,IRQ,DMA,; 10 = 24.0mA --- 0.4 V 

VOH Output High - DBx,IRa,DMA,; 10 = -5.0mA 2.8 --- V 

VOLHC Output Low - High Current; 10 = 48.0mA --- 0.4 V 

ILUL Latch Up Current Low 40.0 --- mA 

SYMBOL PARAMETER MIN MAX UNITS 
ILUH Latch Up Current High -40.0 --- mA 

ILL Leakage Current Low --- 10.0 !1A 
ILH Leakage Current High --- -10.0 !1A 
ICC SUpjlly Current - 100 !1A Source Loads --- 60.0 mA 

ICCHL Supply Current - 5.0 mA Source Loads --- 120.0 mA 

ICCPDM Supply Current in Power Down Mode --- 100.0 IlA1 

PD Power Dissipation- ICC Max --- 600.0 mW3 

PDHL Power Dissipation - ICCHL Max --- 750.0 mW2,3 

VPQR Power Qualified Reset Threshold 2.8 4.35 V 

Note 1. Vin = VCC or GND, 10 = 0 mAo Note 3. Includes open drain high current drivers at 
Vol = O.4V. 

Note 2. Includes DBx, IRQ and DMA; 10 = -5.0 mA 
source loads. 
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18.0 AC TIMING CHARACTERISTICS 
The following notes apply to all parameters 
presented in this section: 

1.TA = OoC (32°F) to 70°C (15SoF) 
2.VCC = +5V ± 10% 
3. CL = 100 pf 

SYMBOL PARAMETER 
tCY Clock Period 

tPH Clock Active (Hioh or Low) 

tR Clock Rise Time (Vin O.S to 2.0) 

tF Clock Fall Time (Vin 2.0 to O.S) 

tAR AO,CS,DACK Set Up Time to RD Low 

tRA AO,CS,DACK Hold Time to RD High 

tRR RD Width 
tRD Data Access Time From RD Low 

tDF DB To Float Delay From RD High 

AC TIMING CHARACTERISTICS 

4. CY = CLK1 or XT1 period 
5. MCY = MCLK period, dependent on selected 

data rate 
6. WCY = WCLK period, dependent on selected 

data rate 

MIN MAX UNITS 
31 --- nS 
13.5 --- nS 
--- 2 nS 
--- 2 nS 

0 --- nS 
0 --- nS 

90 --- nS 

--- 90 nS 
10 65 nS 

tAW AO,CS,DACK,LDCR,LDOR, Set Up Time To WR 0 --- nS 
Low 

tWA AO,CS,DACK,LDCR,LDOR, Hold Time From WR 0 --- nS 
Hioh 

tWW WRWidth 60 --- nS 
tDW Data Set Up Time To WR HiOh SO --- nS 
tWD Data Hold Time From WR High 0 --- nS 
tRI IRQ Reset Delay Time From RD High 1MCY 

+150nS 
tWI IRQ Reset Delay Time From WR High 1MCY 

+150nS 
tMCY DMA Cycle Time 52 MCY 
tAM DMA Reset Delay Time From DACK Low --- 140 nS 
tMA DACK Delay Time From DMA High 0 --- nS 
tAA DACKWidth 90 --- nS 

tTC TCWidth 60 --- nS 

tRST Reset Width - TTL Driven CLK1 60 --- nS 
tSRST Reset Width - Software Reset 5 --- MCY 
tRDD RDD Active Time Low 40 --- nS 
tWDD WD Write Data Width Low 1/2 (TYP) --- WCY 
tDST DIRC Hold & Set Up To STEP Low 4 --- MCY 
tSTU DSX Hold Time From STEP Low 20 --- MCY 
tSTP STEP Active Time Low 24 --- MCY 
tSC STEP Cycle Time 132 --- MCY 
tSTD DIRC Hold Time After STEP 96 --- MCY 
tlDX IDX Index Pulse Width 2 --- MCY 
tMR RD Delay From DMA 0 --- nS 
tMW WR Delay From DMA 0 --- nS 
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SYMBOL PARAMETER MIN MAX UNITS 
tMRW RD Or WR Response From DMA High --- 48 MCY 
tCA Chip Access Delay From RST Low - TTL 32 --- MCY 
tCAS Chip Access Delay From tSRST Low 40 --- MCY 
tXCA Chip Access Delay From RST-OSC XT1 at 16 MHz 500 --- IuS 
tXTS XT2 Access Delay After RST 9.6 MHz 1000 --- IuS 
tTCR TC Delay From Last DMA Or IRO, RD 0 192 MCY 
tTCW TC Delay From DMA Or IRO, WR 0 384 MCY 
Tcycle Clock Cycle 60 --- nS 
Tp-high Clock HiQh 25 --- nS 
Tp-Iow Clock Low 25 --- nS 
Trise Rise Time --- 5 nS; 

Vin.8 to 2.0 
Tfall Fall Time --- 5 nS; 

Vin 2.0 to.8 

• 
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INTRODUCTION 

1.0 INTRODUCTION 

Western Digital's WD42C22C integrates a high 
performance, low cost Winchester formatter/con
troller, host interface, a buffer manager, and 
CRC/ECC generator/checker in a single 84-pin 
LSI device. Operating from a single +5V power 
supply, the WD42C22C is implemented in a low 
power CMOS design and is available in an 84-pin 
PLCC or PQFP (Figure 1). Figure 2 is a block 
diagram of the WD42C22C. 

1.1 FEATURES 

• Enhanced host interface 

IBM Personal Computer AT and XT port 
compatible 
Supports AT speeds up to 16 MHz, 1 wait 
state I/O and 0 wait state memory using 120 
nsec static RAM (SRAM) 
Supports AT speeds up to 16 MHz, 1 wait 
state I/O and 0 wait state memory using 100 
nsec SRAM 
Selectable DMA or programmed I/O data 
transfers in all host interface modes 
Host port slave mode compatible with ALE 
based peripherals such as the WD33C93 
SBIC 
Host transfer rates up to 4 Mwords/sec for 
AT, 4 MB/sec for XT, 10MB/sec for SCSI 
Internal 12 rnA high current drivers for direct 
connection to the XT or AT system bus 

• Advanced buffer manager 

Supports 1:1 interleave without resorting to 
wait states 
Direct interface for up to 32 KB of static RAM 

Sustained RAM bandwidth up to 10MB/sec 
Pipelined host and disk address counters 

Operates as either ring or scatter-gather 
buffer 
Allows full track buffering and facilitates look 
ahead cacheing algorithms 
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FIGURE 1. PIN DESIGNATION 

INTRQ 
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8M 
BA3 
BA2 
BA. 
BAO 
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Software selectable default sector lengths of 
128,256,512, and 1024 bytes 
User programmable sector size up to 2048 
bytes 
Software selectable 3 bit or 4 bit head 
number field 

Reads and writes at 1:1 Interleave 
regardless of the formatted interleave 
15 Mbs data transfer rate for MFM and RLL 
2~ Mbs data transfer rate for NRZ 
Supports hard or soft sectored formats 

Supports "zero latency" read operations 
Internal defect management of sector and 
track level alternates 
Able to read ESDI defect list format 

Supports sector servo schemes by disabling 
WRITE GATE over servo when formatting 
Internal 48 rnA drivers and Schmitt trigger 
input receivers for direct connection to the 
drive control cable 

Adaptable disk controller • Integrated support features 

Software selectable MFM, RLL 2,7, or NRZ 
disk interface 
Software selectable 56 bit ECC, 32 bit ECC, 
or 16 bit CRC 
Software selectable 5, 11, or 22 bit error 
correction span 

1214/90 

Programmable master/slave mode allows 
two Integrated Drive Electronics (IDE) disks 
on one connector 
Supports both Intel-type(80xx) and 
Motorola-type(68xx) microcontrollers 
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Internal power-qualified reset to detect low 
VDD 

• Low power sleep mode 

• Available in 84-pin PLCC or 84-pin PQFP 

1.2 DESCRIPTION 

1.2.1 Enhanced Host Interface 

The WD42C22C host interface port directly con
nects to the host system bus via internal 12 mA 
drivers. When operating in either AT or XT mode, 
all host control, data, and task file address lines 
directly connect to the WD42C22C. Mapping the 
device to the desired host system I/O addresses 
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requires external address decode logic. Integrated 
I/O port compatible AT and XT task file registers 
assure system compatibility. 

To satisfy requirements for faster system bus 
rates and data transfers, the WD42C22C can 
operate in 12 MHz or 16 MHz, 1 wait state I/O 
channels (0 wait state memory) of 286 or 386 
microprocessors. DMA or PIO data operations 
transfer at a rate of 4 Mwords/sec (AT mode) or 4 
MB/sec (XT mode). In addition to traditional single 
mode DMA, burst mode DMA transfers are also 
available. 

An alternative host mode, slave mode, allows 
communication between the microcontroller and a 
peripheral device through the host interface. The 
slave device transfers data to the buffer RAM by 
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FIGURE 2. WD42C22C BLOCK DIAGRAM 
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using a slave DMA scheme such as the WD-BUS 
mode in the WD33C93 SCSI bus interface con
troller (SBIC). 

1.2.2 Advanced Buffer Management 

The WD42C22C contains an advanced buffer 
manager satisfying the interface requirements be
tween a byte or word wide host interface bus and 
a high speed serial disk interface. Optimized for 
the block oriented data structures of a disk con
troller, the WD42C22C can manage multiple sec
tor buffers up to 32 KB. Each sector buffer can be 
any size to 2055 bytes. Pipelined host and disk 
address counters enable sustained, simultaneous 
transfers on each port. Sufficient RAM buffer 
bandwidth is available to support 1:1 interleaved 
20 Mb/sec disk transfers while simultaneously 
performing 16-bit host transfers at a rate in ex
cess of 3 Mwords/sec. Achieving maximum RAM 
bandwidth requires using 70 nsec static RAM. 

The pipelined structure of the buffer manager con
trols the buffer RAM in either a simple ring struc
ture or a more advanced scatter-gather structure. 

1.2.3 Adaptable Disk Controller 

The WD42C22C's versatile design makes the 
device adaptable for a wide variety of disk inter
face operations. A designer can select from three 
data formats, MFM, RLL 2,7, or NRZ. Disk data 
rates range up to 15 Mbits/sec with MFM and RLL 
2,7 encoding, while NRZ data rates range up to 
24 Mbits/sec. To support varied data format re
quirements, the WD42C22C operates in hard or 
soft sectored mode with programmable sector 
sizes to 2048 bytes and programmable 10 PLO, 
data PLO, and GAP lengths. 

Software selectable retry algorithms and 32 or 56-
bit ECC polynomials enhance data integrity. Data 
integrity can further be ensured through the use of 
the device's built-in advanced defect manage
ment. The WD42C22C can be programmed to 
automatically detect the presence of a previously 
assigned defective sector and identify the location 
of the alternate sector. This allows access to alter
nate sectors without the typical additional rotation
allatency associated with defect handling. 

With the pipelined architecture of the buffer 
manager, the designer can program the disk con-

WD42C22C 

troller to execute "zero-latency" multiple sector 
read operations. In this mode of operation, the 
WD42C22C immediately commences data trans
fer to the RAM buffer upon encountering the first 
sector on the desired track. All subsequent sec
tors transfer to the buffer within a single rotational 
period. Host transfers begin upon location of the 
first requested sector within the buffer. Simul
taneous host and disk transfers continue until all 
sectors are read from the drive. Zero-latency 
operation makes available an entire track of data 
to the host within one rotational period from the 
time the host requested the data. This differs from 
traditional implementations which read the entire 
track within one rotational period after the first re
quested sector has been located. Zero latency 
read operations eliminate the typical one-half rota
tional period average latency required to locate 
the first sector in full track data transfers 

The WD42C22C includes an internal power 
qualified reset circuit for power up and power 
down conditions. This circuit eliminates the need 
for costly external circuitry that traditionally per
formed this function. 

The WD42C22C features a multiplexed ad
dress/data bus on the microcontroller interface 
port and supports both Intel (80XX) and Motorola 
(68XX) type microcontrollers. An internal circuit 
automatically determines the connected 
microcontroller and configures the ports for direct 
interfacing. 

Internal 48 mA drivers and Schmitt triggers input 
receivers provide direct connection to the drive 
control cable. Programmable input polarities as
sist in integrated drive electronics (IDE) designs. 

1.2.4 Flexibility of Application 

As a result of its level of integration, a deSigner 
can create a wide variety of products. In addition 
to traditional stand alone Winchester controller 
boards, the WD42C22C is ideal for multi-function 
boards, direct system motherboards, and IDE ap
plications. Special design considerations within 
the WD42C22C facilitate these applications. 

1.2.5 Typical Application 

With an external microcontroller, buffer RAM, and 
a data separator such as the WD10C22B, the 
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WD42C22C forms the basis of a Winchester disk 
controller product. For AT and XT applications, 
direct interfacing is available to the system bus. In 
these applications, the WD42C22C requires ex
ternal address decoding to select the primary and 
secondary I/O address range of the WD42C22C. 
Other bus interfaces are supported via auxiliary 
bus controllers such as the WD33C93A SCSI Bus 
Interface Controller. 

For ST50S (MFM) and ST412HP (RLL) applica
tions, the WD42C22C directly connects to the 
WD10C22 data separator. (Like the WD42C22C, 
the WD10C22B supports both MFM and RLL en
coding methods.) An external microcontroller im
plements interface specific control lines, e.g. the 

INTRODUCTION 

ST50S's STEP and DIRECTION signals. For 
ESDI applications, the WD42C22C operates in 
NRZ mode. 

1.2.6 Pin Descriptions 

This section lists the pin number, signal name, 
and function for all the WD42C22C's pins. The pin 
descriptions are arranged by functions. Table 1 
describes the pin designations for the host inter
face. Table 2 describes the pin designations for 
the local microcontroller interface. Table 3 
describes the pin designations for the buffer inter
face. Table 4 describes the pin designations for 
the drive interface. 
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PIN MNEMONIC SIGNAL NAME I/O FUNCTION 
NUMBER 

1 HAD HOST ADDRESS D I Schmitt-triggered input. These four inputs are 
2 HA1 HOST ADDRESS 1 I used to address the internal registers. Internal 
3 HA2 HOST ADDRESS 2 I decoding of these address signals is a function 
4 HA9/ HOST ADDRESS 9/ I/O of the AT/XT and HSMB mode bits. Port com-

HALE HOST ALE patibility is maintained for both the AT and XT. 
In slave host mode HALE is used by the 
peripheral device to latch the address from 
HDO through HD7. 

5 HRE HOST READ I/O Schmitt-triggered inRut. HRE is asserted by 
ENABLE the AT or XT with HCS to read an internal 

register or the FIFO. In slave mode, HRE is 
asserted when MRE is asserted. It can also be 
asserted by the slave peripheral in DMA mode. 

6 HWE HOST WRITE I/O Schmitt-triggered inRut. HWE is asserted by 
ENABLE the AT or XT with HCS to write an internal 

register or the FIFO. In slave mode, HRE is 
asserted when MRE is asserted. It is also as-
serted by the slave peripheral in DMA mode. 

7 HCS HOST CHIP I/O Schmitt-triggered input. HCS s h ou Id be 
SELECT decoded from the AT or XT address bus and is 

used to qualify HRE and HWE for host acces-
ses. In slave mode, HCS is asserted when the 
local microcontroller is accessing the slave 
device address space. 

S IOCS16/ I/O CHIP SELECT 0 This output is Rrogrammable to function as the 
DREQ 16/ AT bus signal IOCS16 when the PIO mode is 

DMA REQUEST selected or as a DMA Request signal (DREQ) .. in the DMA mode. This output is tri-stated at 
power-up and remains tri-stated until the inter-
face mode is set by the local microcontroller. 
IOCS16 is an open-drain ouput. DREQ is a 
tri-state output. 

9 DACKI DMAACKNOW- Schmitt-triggered input. DACK is asserted by 
RCS LEDGE/ the host in response to the DREQ signal 

RAM CHIP SELECT assertion in order to complete the DMA hand-
shake. RCS is used in slave mode to qualify 
host data transfers to/from the FIFO. 

TABLE 1. HOST INTERFACE PIN DESCRIPTION 
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PIN MNEMONIC SIGNAL NAME I/O FUNCTION 
NUMBER 

23 RESET RESET I/O Open-drain output and Schmitt input, can be 
wire-ORed with an external reset. The 
WD42C22C resets all logic except the Task 
File when this input is asserted. On power-up, 
or when requested by the host, this output is 
asserted. 

75 HDO HOST DATA 0 thru I/O Schmitt-triggered inputs. These 16 pins are 
thru thru HOST DATA 15 used during host 16-bit data transfers, and the 
82, HD15 lower eight bits (HDO-HD7) are used for byte-
40, wide host data transfers as well as all com-
41, mand and status information transfers. 
42, 
44 

thru 
48 

74 INTRQ INTERRUPT 1/0 INTRQ indicates to the AT or XT that a data 
REQUEST blocktransfer is requested or a command has 

been completed. In slave host mode INTRQ is 
asserted by the slave peripheral device. 

83 Vss GROUND Ground. 

84 VDD +5V +5V 

TABLE 1. HOST INTERFACE PIN DESCRIPTION (CONT'D) 

• 
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INTRODUCTION WD42C22C 

PIN MNEMONIC SIGNAL NAME I/O FUNCTION 
NUMBER 

22 
24 

25 

26 

27 

28 
thru 
35 

43 

Vss 
MCINT 

ALE/AS 

MRE/DS 

MWE/ 
MRIW 

ADO 
thru 
AD7 

Vss 

GROUND 

uCONTROLER 
INTERRUPT 

ADDRESS LATCH 
ENABLE/ 
ADDRESS STROBE 

IlCONTROLLER 
READ ENABLE 
/DATA STROBE 

uCONTROLLER 
WRITE ENABLE/ 
uC READIWRITE 

Ground. 

o This output is used as an interrupt signal in 
order to alert the local microcontroller it is 
necessary to check command parameters or 
status. For the XT mode, MCINT is asserted 
when the controller is selected. 

Schmitt-triggered input. ALE is used to latch 
the lower eight address bits from the multi
plexed address/data lines (AD7-ADO). AS is 
used for this function when tied to a Motorola 
type microcontroller. 

Schmitt-triggered input. MRE is asserted by 
the local microcontroller to read an internal 
register or the buffer. OS is used in Motorola 
type microcontrollers to enable the data trans-
fer. 
Schmitt-triggered input. MWE is asserted by 
the local microcontroller to write an internal 
register or the buffer. MRIW is used by 
Motorola type microcontrollers to set the direc-
tion of data transfers. 

ADDRESS/DATA 0 I/O Schmitt-triggered inputs. These multiplexed 
thru address/data lines are used to load the 
ADDRESS/DATA 7 registerlbuffer address on the falling edge of 

ALE, and are used for data transfers to/from 
the local microcontrolier. _. 

GROUND Ground. .. 

TABLE 2. LOCAL MICROCONTROLLER INTERFACE PIN DESCRIPTION 

• 
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WD42C22C INTRODUCTION 

PIN MNEMONIC SIGNAL NAME 1/0 FUNCTION 
NUMBER 

38 XTALIN CRYSTAL Crystal oscillator input. The crystal frequency 
INPUT is twice the buffer data rate. 

39 XTALOUT CRYSTAL 0 Crystal oscillator output. 
OUTPUT 

49 BOE BUFFER OUTPUT 0 BOE is asserted by the chip to read data from 
ENABLE the external SRAM buffer. 

50 BWE BUFFER WRITE 0 BWE is asserted by the chip to write data into 
ENABLE the external SRAM buffer. 

51 BDO BUFFER DATA 0 1/0 Schmitt-triggered. Buffer data bus, which con-
thru thru thru nects directly to a static RAM. 
58 BD7 BUFFER DATA 7 

59 BAO BUFFER ADDR 0 1/0 Buffer address bus, for direct connection to 32 
thru thru thru KB of SRAM. In XT mode, also used to read 
73 BA14 BUFFER ADDR 14 jumper configuration data in Read Configura-

tion Mode. In input mode, there is a low cur-
rent internal puUdown. 

TABLE 3. BUFFER INTERFACE PIN DESCRIPTION 
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PIN MNEMONIC SIGNAL NAME 1/0 FUNCTION 
NUMBER 

10 WD WRITE DATA 0 WD is the MFM/NRZ write data written to the 
disk. It is shifted out at a rate determined by 
write clock. MFM write data should be 
synchronized by a D flip flop clocked at 10 
MHz (for 5 Mbs operation). 

11 LATEI LATEI 0 LATE is used along with EARLY in the Write 
WCOUT WCOUT 0 Precompensation circuitry to control the delay 

ofWD. 

In NRZ mode WCOUT is write clock out which 
can be used to qualify WD in an ESDI applica-
tion. 

12 AMEI ADDRESS MARK 0 In NRZ mode, this output is the Address Mark 
EARLY ENABLE/EARL Y Enable signal for an ESDI drive. In MFM or 

RLL mode, this output is EARLY. EARLY and 
LATE are used in the Write Precompensation 
circuitry to control the delay of WD. 

13 WG WRITE GATE 0 WG is asserted when valid data is to be written 
to the disk. It enables write current to the head 
and is immediately de-asserted if a WRITE 
FAULT (WF) is detected. 

14 WC WRITE CLOCK A clock used internally to control WD. (Up to 
10 MHz for ST412, up to 15 MHz for ESDI). 

15 INDEX INDEX Schmitt-triggered INDEX input for direct con-
nection to the drive control cable. 

16 SCTI SECTORI Schmitt-triggered input. In hard sector mode, 
DRUN DATA RUN SCT is used to indicate the start of a sector. In .. soft sector NRZ mode, SCT indicates Address 

Mark Found. In soft sector MFM or RLL mode, 
DRUN indicates a sequence of MFM or RLL 
'O's or a sequence of MFM '1 's has been 
detected. 

17 RD READ DATA RD is MFM or NRZ read data from the drive. 
Data and clocks are separated internally for 
MFM data. 

18 RG READ GATE 0 RG is asserted to initiate a search for an ad-
dress· mark. It remains asserted until the end 
of the ID or data field. 

TABLE 4. DRIVE INTERFACE PIN DESCRIPTION 
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PIN MNEMONIC SIGNAL NAME 
NUMBER 

19 

20 

21 

36 
37 

RC 

WF 

DRDY 

DSO 
DS1 

READ CLOCK 

WRITE FAULT 

DRIVE READY 

DRIVE SELECT 0 
DRIVE SELECT 1 

I/O 

ARCHITECTURE 

FUNCTION 

RC is typically generated from an oscillator 
phase-locked to the read data. 

Schmitt-triggered. WRITE FAULT input for 
direct connection to the drive control cable. 

Schmitt-triggered. DRIVE READY input for 
direct connection to the drive control cable. 

a High-current open-drain DRIVE SELECT out
a puts for direct connection to the drive control 

cable. 

TABLE 4. DRIVE INTERFACE PIN DESCRIPTION (CONT'D) 

2.0 ARCHITECTURE 

2.1 POWER-QUALIFIED RESET 

This integrated function is used to reliably initialize 
flip-flops to a predictable state during the applica
tion of Voo. It causes the RESET output signal to 
be asserted until VDD reaches a given threshold. 
It also forces a reset if the VOD falls below a 
specified threshold. 

2.2 DRIVE INTERFACE LOGIC 

The drive interface contains high-current 48 mA 
drivers for direct connection of the drive select 
outputs to the drive control cable. Schmitt trigger 
input receivers connect the drive interface logic 
directly to the control cable inputs. 

2.3 DRIVE CONTROLLER ORGANIZATION 

The controller is composed of the following major 
sections: 

• PLA Control 

• CRC/ECC Logic 

• MFM/RLL Decoding 

• Address Mark Detector 

• Buffer and DMA Control 

• Task Register File 

The controller is designed to operate with 2 clock 
inputs, READ CLOCK (RC) and WRITE CLOCK 
(WC). The PLA controller, processor interface, 
and buffer control sections use the write clock 
input. The clock inputs are used for MFM, RLL, or 
NRZ decoding. The clock frequency is 10 MHz for 
a 10 Mbs data rate. 

The controller reads or writes disk data to a 15 
Mbs rate for MFM and RLL and 24 Mbs for NRZ. 
The RLL implementation is a (2,7,2,4,3) code 
based on the IBM 3370 code. The only difference 
lies in the assignments of the code words to the 7 
different data streams possible. Error propagation 
for a single bit error is limited to 4 bits. 

When programmed in the NRZ mode, the 
WD42C22C qualifies NRZ disk data using the 
Sector / Address Mark Detect signal, and also 
modifies the RG and WG signals to meet ESDI 
specifications. 

In all modes, the length of the PLO sync and gap 
fields are software programmable. The ID PLO 
sync field length, the Gap1/Gap3 length, the 
Gap1/Gap3 data bytes and the ID CRC pad 
bytes are programmable during the format com
mand. The data PLO sync field length and the 
data CRC/ECC pad bytes are programmable 
during the Write command. 

Figure 3 is a block diagram of the drive controller 
section of the WD42C22C. 
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- PARALLEL - MFMIRLUNRZ 
TASK 

TO SERIAL 
MFMIRLL r-- WRITE DATA 

REGISTERS ENCODER f---- PRECOMP LATE 
f---- PRECOMP EARLY 

CRC/ECC 
LOGIC 

SYN- SERIAL MFMIRLL - CHRO- I- TO ~ DECODER 
NIZING PARALLEL 

UP/DOWN REGISTER 
COUNTER 

~ MFMIRLUNRZ 

r--- MAGNI- ADDRESS 
READ DATA 

I TUDE MARK 
DO thru D7 110 DATA COM- DETECT 

PARATOR 

PHASE 
DRUN LOCK 

- LOOP READ GATE RE 
CONTROL 

WE 

A2,Al.AO. PROCESSOR 
INTERFACE 

INTRa _STEP(NC) 

MR 
_DlRIN(NC) 
_RWC(NC) 

CS _WG(NC) 

V" DRIVE • INTERFACE 
_WD 

V" -
_EARLY 

PLA I--LATE -- CONTROLLER _DRDY BCR 
BUFFER _WF 

BRDY INTERFACE _TKOOO(NC) 
BORa _INDEX 
BCS _SC(NC) 

NOTE 
NC indicates no connection to the chip pins. 

FIGURE 3. DRIVE CONTROLLER BLOCK DIAGRAM 

2.4 PROGRAMMABLE LOGIC ARRAY (PLA) 
CONTROLLER 

The Programmabla Logic Array (PLA) controller 
interprets commands, e.g. write, read format, etc. 
This circuitry's operation is synchronized with the 
WC input. The PLA controller is started when a 
command is written into the command register. It 
generates control signals and operates in a hand
shake mode when communicating with the 
MFM/RLL decoding block. The MFM/RLL decod
ing block uses the RC input which may be 
asynchronous to WC. 

2.5 MAGNITUDE COMPARATOR 

An 11-bit magnitude comparator calculated drive 
step direction and number of step pulses be
tween present cylinder position and desired posi
tion in earlier Winchester controller versions. Thi~ 
comparator is not used in the W042C22C. A 
separate high speed equivalence comparator is 
used to compare 10 field bytes when searching for 
a sector 10 field. 
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2.6 CRC/ECC GENERATOR AND CHECKER 

The CRC/ECC generator computes and checks 
the cyclic redundancy check characters appended 
to the 10 and data fields written on the disk. The 
CRC mode of operation, defined by the SOH 
register (bit 7 set to 0) provides a means of verify
ing the accuracy of the data read from the disk but 
does not attempt to correct it. (Bit 7 of the SOH 
register will not implement CRC mode for data 
fields when RLL mode is selected.) The CRC 
polynomial used is: 

X16 + X12 +X5 + 1 

The CRC register is preset to all ones before 
computation starts. 

If the CRC character being generated while read
ing the data does not equal the one previously 
written, an error exists. If there is a CRC failure in 
the 10 field, an 10 not found is indicated by setting 
bit 4 of the error register. If the failure is in the 
data field, bit 6 of the error register is set. 

A 32 bit or 56 bit ECC polynomial may be 
selected instead of the CRC polynomial for the 
data field. The CRC/ECC selection is controller by 
bit 7 of the SOH register when the controller is in 
MFM or NRZ modes. CRC is selected when bit 7 
of the SOH register is a in MFM or NRZ modes. 
ECC is selected when bit 7 of the SOH register is 
1 in MFM or NRZ modes. Bit 2 in the set 
parameter command selects either the 32 bit or 
56 bit polynomial. RLL mode defaults to the 56 bit 
polynomial. The CRC or 32 bit ECC options are 
not usable in RLL mode. 

The ECC mode of operation (SOH bit 7 = 1) is 
only applicable to the data field. This feature built 
into the W042C22C provides the user with the 
ability to detect and correct errors in the data field 
automatically. 

The following is a summary of the parameters 
considered when ECC is used: 

• 1. SOH register bit 7. 

• 2. Read and write command bit 1 (L). 

• 3. Compute correction command. 

• 4. Set parameter command. 

• 5. Error occurred, bit a of the status register. 

• 6. On any ECC error the controller stops 
regardless of the T bit. (Refer to the read com
mand description.) 

ARCHITECTURE 

The SOH register bit 7 must be equal to one to 
change from the CRC mode to the ECC mode, for 
MFM and NRZ only. 

When an ECC error is detected, no attempt is 
made to correct it and bit a of the status register 
and bit 6 of the error register are set. The user 
now has two choices: 

• 1. Ignore the error and make no attempt to 
correct it. 

• 2. Use the compute correction command to 
determine the pattern and location of the error, 
and correct it within the user's program. 

When implementing the compute correction com
mand, use it before executing commands that 
alter the content of the ECC register. The read, 
write, scan, and format commands can alter the 
syndrome and make correction impossible. If the 
compution correction command determines that 
the error is uncorrectable, then the error bits in the 
status register and error register are set. 

Although ECC generation starts with the first bit of 
the F8 byte in the data 10 field, the actual ECC 
bytes produced for the sector are the same as if 
the A 1 byte was included. 

The 32-bit ECC polynomial is: 

X32 + X28 + X26 + X19 + Xl? + XlO + X6 + X2 + 1 

and is the same one used in the W01002, 
W01003, and W01 006 controller boards. The 32-
bit ECC polynomial has an 11 bit maximum single 
burst correction span. The reverse 32-bit ECC 
polynomial is: 

X32 + X30 + X26 + X22 + X15 + X13 + X6 + X4 + 1 

The non-detection probability for the 32-bit ECC 
polynomial is: 

2.3 (E-10), rt = 516 x 8, bt = 5 
and the miscorrection probability is: 

1.57 (E-5), rt = 516 x 8, bt = 5 
The 56-bit ECC polynomial is: 

X56 + X52 + X50 + X43 + X4l + X34 + X30 + X26 + 
X24 + X8 + 1 

The 56-bit ECC polynomial has a 22 bit maximum 
single burst correction span. 
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The reverse 56-bit ECC polynomial is: 

X56 + X48 + X32 + X30 + X26 + X22 + X15 + X13 + 
X6 + X4 + 1 

The non-detection probability for the 56-bit ECC 
polynomial is: 

1.39 (E-17), rt = 519 x S, bt =11 
and the miscorrection rrobability is: 

5.S4(E-11),r =519xS,bt =11 
The set parameter command selects the number 
of bits in the correction span, through the use of 
bit o. 

Read and write commands, with the L bit (bit 1) 
set to one, are referred to as read long and write 
long commands. With these commands, no ECC 
or CRC characters are generated or checked by 
the WD42C22C. In effect, the four or seven bytes 
are handled as an additional four or seven bytes 
of data which pass through the data buffer. With 
proper use of the write, read long, write long, and 
read commands, a diagnostic routine may be 
developed to test the accuracy of the error correc
tion process. 

For CRC/ECC calculations, the CRC/ECC 
register is initialized to all 1 'So For CRC/ECC pur
poses only, the address mark byte has a value of 
"A 1" and is included in the CRC/ECC calcula
tions. 

2.7 MFM/RLL ENCODING AND MFM/RLL 
DECODING 

The MFM/RLL encoding section receives S-bit 
parallel data and generates either MFM or RLL 
write data depending on the K option in the load 
parameter block command. This section operates 
with a write clock having a frequency of the 
desired bit rate. The write clock need not be 
synchronized to read clock (RC). 

Data bytes are written to the drive most significant 
bit first. The MFM/RLL decoding section 
generates S bit binary data from MFM or RLL read 
data once an address mark has been detected. 
Table 5 lists the RLL coding rules followed by the 
controller. 

WD42C22C 

NRZ Data RLL Code Word Output 

First Bit Last Bit First Bit Last Bit 

1 1 X X 1 0 00 XXXX 

0 X X o 1 0 0 XXXX 

0 X o 0 1 0 o OXX 

0 0 X o 0 0 1 o OXX 

0 0 0 X 1 0 0 1 o OXX 

0 0 1 o 0 00 1 000 

0 0 0 o 0 1 0 0 100 

TABLE 5. RLL CODING RULES 

When NRZ mode is selected, the MFM/RLL en
code and decode logic is bypassed. NRZ read 
data is clocked in on the rising edge of Read 
Clock and NRZ write data is clocked out on the 
rising edge of WC. 

2.8 ADDRESS MARK DETECTOR 

An address mark is a unique 2 byte code placed 
at the beginning of each ID field or data field. A 
series of zero bytes always precedes each ad
dress mark. The address mark detector section 
begins searching for an address mark when 
synchronization has been lost after a series of 
zero bytes is detected. The detection of an ad
dress mark establishes resynchronization. 

The address mark is composed of a 2 byte se
quence. The first byte is used for resynchroniza
tion and the second byte specifies ID or data field. 
For the MFM mode, the first byte is an A 116 byte 
with missing clock (data = A 1, clock = OA). The 
second byte is encoded with normal MFM rules. 
FF through FC and F7 through F4 specify the 
beginning of an ID field and FS specifies the 
beginning of a data field. 

In RLL mode, the first byte is a unique code which 
violates normal RLL coding rules but does not vio
late the 2,7 timing rule. The RLL address mark 
pattern is 1000 0000 1001 0000 (S09016). The 
second byte is encoded with normal RLL rules. 
FF through FC and F7 through F4 specify the 
beginning of an ID field and FS specifies the 
beginning of a data field. 
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In NRZ mode, an NRZ A1 byte establishes byte 
synchronization. When the WD42C22C is used to 
control an ESDI (NRZ) drive, the Sector Pulse 
(Address Mark Found) signal will qualify read data 
to prevent false address mark detection. 

2.9 CONTROLLER TO DATA SEPARATOR 
INTERFACE 

The read interface section generates READ 
GATE (RG) from signals sent by the PLA control
ler and by the DRUN input. In this system, raw 
read data from the drive is presented to the RD in 
put. RG is low when the controller is not inspect
ing read data. When a read command is started 
and a search begins for an address mark, DRUN 
from the data separator is examined. Since each 
address mark should be preceded by ap
proximately 12 bytes of zeroes, RG is activated 
when a sequence of zeroes is detected by DRUN 
and read data is examined until either an address 
mark is detected or a non-zero byte which is not 
an address mark is detected. If an address mark 
was detected, and it was preceded by at least 8 
bytes of zeroes, read gate is held high and the ID 
or data field can be read. 

If a non-zero non-address mark byte was 
detected, then RG is dropped for at least 2 byte 
times, allowing the phase lock loop to 
resynchronize with WC, before inspecting DRUN 
input again. If the desired ID field was read, then 
the sector transfer can be made. If a data field 
was detected or if the ID bytes did not match, or if 
an address mark was not preceded by eight bytes 
of zeroes with six coming after RG on, then RG is 
lowered and DRUN is inspected again for a se
quence of zeroes. 

Figures 4 illustrates the PLL control sequence for 
the ID field. Figure 5 illustrates the PLL control 
sequence for the data field. 
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DE-ASSERT 
RG 

FIGURE 4. PLL CONTROL (ID FIELD) 
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FIGURE 5. PLL CONTROL (DATA FIELD) 

WD42C22C 

The write precompensation circuitry, in the con
troller to the drive interface, reduces the effects 
one bit has on another. There are two parts to 
write precompensation logic, reduced write cur
rent (RWC) and shifting of the bits as they are 
written. The RWC is NOT controlled by the drive 
controller. The local microcontroller should specify 
when the write current is reduced by asserting its 
own RWC output. 

The shifting of the data bits is controlled by the 
EARLY and LATE outputs. These two outputs 
should be used to delay the output as follows in 
Table 6: 

EARLY LATE 

o 

o 

DELAY 

no 
delay 

one unit 
delay 

two units 
delay 

TABLE 6. EARLY AND LATE DELAYS 

The EARLY and LATE outputs are generated ac
cording to the rules in Tables 7 (RLL) and 8 (MFM 
orNRZ). II 
...---__ ---, I 

RLL Coded Data Pattern 

Preceding Compo Following Precomp 
Bits Bit Bits 
X 1 0 0 1 000 X EARLY 

X 0 0 0 000 X None 

X 0 0 0 o 0 1 X LATE 

o 1 0 0 001 0 None 

TABLE 7. EARLY AND LATE GENERATION 
(RLL MODE) 
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MFM Coding - NRZ Data Pattern 

Preceding Compo Following Precomp 
Bits Bit Bits 
X X X 1 1 o X X X EARLY 

XXXO 1 X X X LATE 

X X 0 0 0 1 X X X EARLY 

X X 1 0 0 o X X X LATE 

TABLE 8. EARLY AND LATE GENERATION 
(MFM - NRZ) 

3.0 INTERFACE PORTS AND TASK 
FILES 

3.1 HOST INTERFACE ORGANIZATION 

The WD42C22C's host interface directly connects 
to the IBM XT or IBM AT system bus as well as 
the system bus of any XT or AT compatible. The 
WD42C22C has high current drivers which allow 
it to be directly connected to the system bus. 

The register configuration for the host interface is 
dependent on the state of the AT/XT control bit in 
the interface control register which is written by 
the local microcontroller. 

There is an additional slave host mode. In this 
mode, the microcontroller communicates to a 
peripheral device with up to 32 registers through 
the host interface. The slave device can transfer 
data to/from the buffer RAM by using a slave DMA 
scheme such as the WD-BUS mode in the SBIC. 

The sequence that the microcontroller follows to 
transfer data between the buffer RAM and the 
host is defined under the buffer manager descrip
tion. 

3.2 XT HOST INTERFACE 

To put the WD42C22C in the XT compatible inter
facLmode the local microcontroller resets the 
AT/XT control bit. In this mode, HCS should be 
active when I/O port!) 320 (hex) through 323 (hex) 
are addressed. (XT I/O ports 320 through 323 are 
primary ports. XT I/O ports 324 through 327 are 

INTERFACE PORTS AND TASK FILES 

secondary ports. Unless otherwise noted, infor
mation regarding the primary ports is identical to 
information on secondary ports.) Table 9 lists the 
port descriptions for this mode. 

HA9 HA2 HA 1 HAO READ 
PORT 

WRITE 
PORT 

X X 0 0 Read data Write data 

X X 0 Hardware Hardware 
status reset 

X X 0 Drive con- Drive 
figuration select 

X X NOT DMA and 
USED interrupt 

control 

TABLE 9. XT PORT DESCRIPTIONS 

3.2.1 Read Data Port (HA1 Thru HAO = 0, 
Read) 

The read data port is used to send data and 
status to the host processor. The data read from 
this port comes from the buffer RAM under the 
control of the buffer manager. 

3.2.2 Write Data Port (HA1 Thru 
HAO = 0, Write) 

The write data port is used to send commands 
and data from the host to the drive controller. 
The data is written to the buffer RAM under the 
control of the buffer manager. 

3.2.3 Hardware Status (HA 1 Thru 
HAO = 1, Read) 

This port contains the controller hardware status. 
It can be read by the host at any time. Bit 7, bit 6, 
bit 2, and bit 1 are written by the local 
microcontroller. Bit 5, bit 4, bit 3, and bit 0 are 
controlled by internal logic. The bits are defined 
as follows: 

Bit 

7 6 5 4 3 2 1 0 
X X IRO ORO XBSY C/O I/O REO 
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3.2.3.1 Bit 5 Interrupt Request 

This bit signifies that an interrupt is pending. 
IRQ reflects the state of the INTRQ output. The 
INTRQ pin is tri-stated and the IRQ status bit 
and internal interrupt flip-flop are reset when 
the host disables the interrupt or when the 
WD42C22C is reset, either by the host or by as
serting master reset. 

3.2.3.2 Bit 4 Dma Request 

This bit signals that the WD42C22C is ready for a 
DMA transfer to take place. The direction of the 
transfer is determined by the 1/0 bit. This bit 
reflects the state of the DREQ output. 

3.2.3.3 Bit 3 XT Busy 

This bit indicates that the WD42C22C is busy ex
ecuting a command and is unable to accept 
another command. This bit is set by during a 
reset. 

3.2.3.4 Bit 2 Command I Data 

This bit tells the host which type of transfer i§. 
expected at the read and write data ports. CID 
set to 1 indicates that a command or status 
transfer is expected. C/O set to· 0 indicates 
that a data transfer is expected. 

3.2.3.5 Bit 1 Input I Output 

This bit tells the host the_direction of transfer 
for the two data ports. 1/0 set t.Q, 1 indicates 
an input (read) by the host and 1/0 set to 0 in
dicates an output (write) by the host. 

3.2.3.6 Bit 0 Request 

This bit is one of the handshaking signals be
tween the host and WD42C22C. When transfer
ring data tolfrom, the WD42C22C's read data and 
write data ports by the host, assertion of this bit 
informs the host that the WD42C22C is ready for 
the transfer. 

WD42C22C 

3.2.4 Controller Reset (HA1 Thru 
HAO = 1, Write) 

When this port is written, regardless of the data 
written, the RESET output is asserted if enabled. 
If the reset has been disabled by the local 
microcontroller, then writing to this port asserts 
MCINT and the local microcontroller is respon
sible for resetting the logic on the drive controller 
board. 

3.2.5 Drive Configuration Information 
(HA1 Thru HAO = 2, Read) 

This register, when read, informs the host about 
the configuration of the drive(s) attached. This 
configuration information is written by the local 
microcontroller. 

3.2.6 Controller Select 
(HA1 Thru HAO = 2, Write) 

When this port is written, regardless of the data 
written, the MCINT output is asserted to inform 
the local microcontroller that the controller board 
has been selected. 

3.2.7 DMA and Interrupt Mask 
(HA1 Thru HAO = 3, Write) 

This port enables or disables the DMA and inter- .. 
rupt to the host. When IRQEN is set to 1, then 
interrupts to the host are enabled. This bit is 
cleared when the WD42C22C is reset. The 
INTRQ line is tri-stated and the host interrupt is 
cleared when the interrupts are disabled. When 
DRQEN is set to 1, then DMA requests to the host 
are enabled. This bit is cleared when the 
WD42C22C is reset. 

Bit 

7 6 5 4 3 2 1 0 

X X X X X X IRQ DRQ 
EN EN 
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ABSY HAg HA2 HA1 HAO READ WRITE 
PORT PORT 

A T TASK FILE COPY 

0 0 0 0 0 Read Data Write Data 

(16 bits) (16 bits) 

0 0 0 0 1 Host Error Write Precomp 
Register Cylinder 

0 0 0 1 0 Sector Count Sector Count 

0 0 0 1 1 Sector Number Sector Number 

0 0 1 0 0 Cylinder Number Cylinder Number 
Low Low 

0 0 1 0 1 Cylinder Number Cylinder Number 
High High 

0 0 1 1 0 SOH SOH 

0 0 1 1 1 Host Status Host Command 
Register Register 

1 0 X X X Host Status Reaister INVALID 

CONTROL PORTS 

X 1 1 1 0 Alternate Status Fixed Disk 
Register Register 

X 1 1 1 1 Digital Input Register* NOT USED 

*Bit 7 is tri-stated when the digital input register is read to accomodate the floppy disk change status. 

TABLE 10. AT MODE PORT DESCRIPTIONS 

3.3 AT HOST INTERFACE 

To put the WD42C22C in the AT compatible inter
face mode, the AT/XT control bit is set by the local 
microcontroller. The HCS chip select should be 
active when I/O ports 1 F016 through 1 F716 and 
3F616 and 3F716 are addressed for primary ad
dressing and for I/O ports 17016 through 17716 
and 37616 and 37716 for secondary addressing. 
Only address signals HAS through HA3 and AEN 
need to be decoded to generate HCS. Table 10 
describes the ports for AT mode as follows: 

When port 0 is accessed the IOCS16 output is 
asserted when in AT programmed I/O mode. All 
buffer data transfers are 16 bits. The ECC byte 
transfers in a long mode (read or write) are 8 bit 
transfers. All other register transfers are 8 bits. 

Registers 1 through 7 are an identical copy of the 
drive controller task registers 1 through 7. These 
registers can be read or written by the host only 
when the ABSY status bit is not active. Any at
tempt by the host to read the AT task file copy 
while ABSY is active results in the host status 
register being read. The AT task file copy registers 
cannot be written by the host while ABSY is ac
tive. 
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3.3.1 Error Register 
(HAg, HA2 Thru HAO = 01, Read) 

The error register is read only and contains the 
specific error status pertaining to a command. The 
meaning of the status register bits are as follows: 

Bit 

7 6 5 4 3 2 1 0 

BB CRC/ 0 IDNF 0 AC TKO DMNF 
ECC 

3.3.1.1 Bit 7 Bad Block 

A bad block address mark has been detected 
when trying to read or write that sector. The data 
field will not be read or written. 

3.3.1.2 Bit 6 CRC/ECC Data Field Error 

An uncorrectable ECC error or a CRC error was 
detected in the data field. 

3.3.1.3 Bit 5 Reserved 

Not used, forced to zero. 

3.3.1.4 Bit 41D Not Found 

Occurs when cylinder, head, sector, size para
meters with a correct ID field CRC cannot be 
found. For read and write sector commands, with 
the retry disable bit reset, this bit indi
cates that after 10 index pulses, an auto-scan 
ID and auto-seek, and 10 more index pulses, no 
matching ID field was found. If the retry disable 
bit is set, then no matching ID field was 
found after 2 index pulses; no auto-scan or 
auto-seek is performed. 

3.3.1.5 Bit 3 Reserved 

Not used, forced to zero. 

3.3.1.6 Bit 2 Aborted Command 

Set if command was started and one of the follow
ing conditions occurred: 

WD42C22C 

• 1. Drive not ready 

• 2. Write fault 

• 3. Illegal command code. 

3.3.1.7 Bit 1 Track 0 Error 

This bit, when set, indicates an error detect
ing Track 0 during a restore. 

3.3.1.8 Bit 0 Data Address Mark Not Found 

Set if the first two bytes of the data field fol
lowing an ID match are not A1 F8. This condition 
is checked for read sector commands only. 

3.3.2 Write Precomp Cylinder Register (HAg, 
HA2 Thru HAO = 01, Write) 

This register is used to control the Reduce Write 
Current (RWC) signal going to the drive. RWC is 
turned on if the present position cylinder number 
is greater than or equal to the 4 times the write 
precomp cylinder number. If the write precomp 
cylinder number is FF16, then the RWC is never 
asserted. 

3.3.3 Sector Count (HAg, HA2 THRU HAO = 
02, Read/Write) 

This register is used in read sector, write sector, 
and format commands to implement multiple sec
tor handling with one command. A value of 1 indi
cates a single sector transfer, a value of 2 indi
cates a 2 sector transfer, and so forth. A value of 
o indicates a 256 sector transfer. Sector count is 
decremented and the sector number is incre
mented after each sector transfer between the 
buffer and host or drive. 

3.3.4 Sector Number (HAg, HA2 Thru HAO = 
03, Read/Write) 

The sector number register is used to hold the 
number of the desired sector for read and write 
commands. The sector number can range from 0 
to 255. 
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3.3.5 Cylinder Number Low And High status. If DS = 1, then the host receives drive one 
Registers (Cylinder Number Low: HAg, status. 
HA2 Thru HAO = 04, Read/Write. 
Cylinder Number High: HAg, HA2 Thru 
HAO = 05, Read/Write) 3.3.6.4 Bits 3 Thru 0 Head Number 

These registers specify the cylinder number for 
read, write, and format commands. The cylinder 
number may range in value from 0 to 2047. 
Cylinder number low register holds the 8 least sig
nificant bits of the desired cylinder number. 
Cylinder number high register holds the three 
most significant bits of the desired cylinder num
ber in bits 0 through 2. Bits 3 through 7 are not 
normally used in disk controller boards. These bits 
are latched when writing to this register. This 
means that all 8 bits can be used to transfer infor
mation between the host and the local microcon
troller. 

3.3.6 SDH Register (HAg, HA2 Thru HAO = 06, 
Read/Write) 

This register is used to specify the desired drive 
and head numbers and to specify CRC or ECC 
mode. 

Bit 

7 6 5 4 3 2 1 0 

CRC/ 0 SS Drive Head Number 
ECC Number 

3.3.6.1 Bit 7 ECC/CRC Select 

This bit is set for data field ECC mode. It is 
reset for data field CRC mode. 

3.3.6.2 Bit 5 Sector Size 

Bit 5 {SSO} is used to select sector size. If SSO 
= 0, then the sector size is 256 bytes and if SSO 
= 1, then the sector size is 512 bytes. 

3.3.6.3 Bit 4 Drive Select 

Bit 4 specifies the desired drive number. This bit 
also determines which of the two internal drive 
status registers are read when the host accesses 
the host status register or alternate status 
register. If DS = 0, the host receives drive zero 

Bits 3, 2, 1 and 0 specify the desired head num
ber. 

3.3.7 Host Status Register 
(HAg, HA2 Thru HAO = 7, Read) 

The status register reads only and reflects the 
status of the controller as well as the status of 
certain drive control lines. Some of the status bits 
are controlled by the local microcontroller. Drive 
status comes from two registers in the 
WD42C22C, one for each drive. Bit 4 of the SDH 
register in the AT task file copy controls which of 
the two registers is read when the host reads this 
port. Reading of the status register by the host 
resets INTRO. The description of the status 
register bits follows: 

Bit 

7 6 5 4 3 2 1 0 
ABSY RDY WF SC DRO DWC IDX ERR 

3.3.7.1 Bit 7 AT Busy 

This bit is set to 1 when the controller is ac
cessing the disk. ABSY is activated by the 
start of a command (writing into the host com
mand register). It is deactivated at end of all 
commands by the local microcontrolier. This 
bit is also set during a reset. 

3.3.7.2 Bit 6 Drive Ready 

This bit reflects the state of the DRDY drive 
status pin. Any command aborts if DRDY is low. 
This bit is written by the local microcontroller. 

3.3.7.3 Bit 5 Write Fault 

This bit reflects the state of the WF drive status 
pin. Any command aborts if WF is high. This bit 
is written by the local microcontroller. 
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3.3.7.4 Bit 4 Seek Complete 

This bit reflects the state of the SC signal com
ing from the drive. This bit is written by the 
local microcontroller. 

3.3.7.5 Bit 3 Data Request 

This bit is asserted when the host should be 
transferring data between the RAM buffer and 
host. This bit is controlled by the buffer 
manager. 

3.3.7.6 Bit 2 Data Was Corrected 

This bit indicates that an error in the data 
field was detected and corrected. The buffer 
contains corrected data. This bit is written by 
the local microcontroller. 

3.3.7.7 Bit 1 Index 

This bit reflects the state of the INDEX pin. 

3.3.7.8 Bit 0 Error 

This bit indicates that a non-recoverable error 
has occurred. The error register describes the 
error condition when this bit is active. This 
bit is written by the local microcontroller. 

3.3.8 Host Command Register 
(HA9, HA2 Thru HAO = 7, Write) 

The command to be executed is written into this 
register. Writing this register sets ABSY in the 
status register and asserts the MCINT pin going 
to the local microcontroller. The command latches 
in a register which the local microcontroller reads. 
Writing this register resets INTRO. 

3.3.9 Alternate Status Register 
(HA9, HA2 Thru HAO = E, Read) 

This register is the same as the host status 
register (7) but mapped at a different address. 
Refer to page 23 for the bit description. 

WD42C22C 

3.3.10 Fixed Disk Register 
(HA9, HA2 Thru HAO = E, Write) 

The fixed disk register is used by the host to con
trol some of the internal functions of the 
WD42C22C. Bit 0 and bits 4 through bit 7 are 
reserved for future definition. These bits are cur
rently not used in the AT protocol but they are 
implemented in the WD42C22C, i.e. the fixed disk 
register passes 8 bits between the host and the 
local microcontroller. The host should write zeroes 
to these bits in AT mode. The fixed disk register is 
coded as follows: 

Bit 

7 6 5 4 3 2 1 0 

0 0 0 0 HS3EN RST lEN 0 

3.3.10.1 Bit 3 Head Select 3 Enable 

When HS3EN = 1, then HEAD SELECT 3 is as
serted by the local microcontroller. When HS3EN 
= 0, then RWC is asserted by the local microcon
troller. 

3.3.10.2 Bit 2 Reset 

Writing a 1 to this bit resets the WD42C22C. The 
RESET output is asserted and remains asserted 
until this bit is written back to O. This bit must 
be on for a minimum of 5.0 Ilsec. If reset has 
been disabled by the local microcontroller then 
writing a 'L.JQ.Jhis bit only resets the 
WD42C22C. RESET is not asserted in this case. 
The WD42C22C asserts MCINT and the local 
microcontroller is responsible for resetting the 
drive controller board logic. 

3.3.10.3 Bit 1 Interrupt Enable 

When lEN = 0, then the INTRO output to the 
host is enabled. When lEN = 1, then the 
INTRO output to the host is disabled. Disabling 
interrupts does NOT reset an existing interrupt but 
inhibits all further interrupts. Any interrupts pend
ing when this bit is set causes the INTRO output 
to be asserted. A system master reset does NOT 
affect the lEN bit but resets any existing interrupt. 
The internal power qualified reset sets lEN to O. 
When interrupts are disabled, then the INTRO pin 
is tri-stated. 
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A A A A A A A A READ. PORT WRITE PORT 
DDDDDDDD 
7654321 0 

DISK CONTROLLER TASK FILE 
0 0 o X X X X X BUS TRISTATE NOT USED 

0 0 0 o 0 0 o INVALID INVALID 

0 0 o 0 0 o 1 Error Register PLO Length 

0 0 0 0 0 0 Sector Count Sector Count 

0 0 0 0 0 Sector Number Sector Number 

0 0 0 0 0 0 Cylinder Number Low Cylinder Number Low 

0 0 0 0 0 Cylinder Number High Cylinder Number High 

0 0 0 0 1 0 SDH SDH 

0 0 0 0 Status Register Command Register 

XT 
o 0 0 0 1 Hardware Status Hardware Status 

o 0 0 0 NOT USED Drive Configuration 

BUFFER MANAGER 
001 1 o 0 0 0 Host Buffer Pointer Low Host Buffer Pointer Low 

0 0 1 0 0 0 Host Buffer Pointer High Host Buffer Pointer High 

0 0 0 0 0 Host Transfer Count Low Host Transfer Count Low 

0 0 0 0 1 Host Transfer Count High Host Transfer Count High 

0 0 0 1 0 0 Disk Buffer Pointer Low Disk Buffer Pointer Low 

0 0 0 0 Disk Buffer Pointer High Disk Buffer Pointer High 

0 0 0 0 Microcontroller RAM Access Microcontroller RAM Access 

0 0 0 Buffer Status Buffer Control 

TABLE 11. LOCAL MICROCONTROLLER REGISTER MAP 

3.3.11 Digital Input Register 
(HA9, HA2 Thru HAO = F, Read) 

The digital input register is used by the host to 
determine the state of WRITE GATE and the drive 
selects and head selects. Bit 5 is written by the 
local microcontroller when HS3EN (bit 3 of the 
fixed disk register) is set to zero. Bit 5 comes from 
bit 3 of the host SDH register with HS3EN set to 
one. Bits 0 through bit 4 also come from the host 
SDH register. When this register is read by the 
host, then HD7 (pin 82) is tri-stated. It is coded as 
follows: 

26-22 1214190 

7 6 

X WG 

Bit 

5 4 3 

HS31 HS2 HS1 
RWC 

2 1 0 

HSO DS2 DS1 
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A A A A A A A A A READ PORT 
B D D D D D D D D 

WRITE PORT 

S 7 6 5 432 1 0 
Y 

MISC. 
X 0 0 0 0 0 Interface Status Interface Control 

X 0 0 0 0 Configuration Status Low NOT USED 

X 0 0 0 1 0 Configuration Status High NOT USED 

X 0 0 0 Drive Interface Status Drive Interface Control 

X 0 0 0 0 Alternate Sector Number NOT USED 

AT INTERFACE 
X 0 0 0 0 0 AT Control Register AT Control Register 

X 0 0 1 0 1 Drive 0 Status Drive 0 Status 

X 0 0 0 Drive 1 Status Drive 1 Status 

X 0 0 Fixed Disk Register Digital Input Register 

AT INTERFACE (TASK FILE COPY) 
1 o 1 00000 1 Write Precomp Cylinder Error Register 

0 0 0 0 0 0 Sector Count Sector Count 

0 0 0 0 0 Sector Number Sector Number 

0 0 0 0 0 0 Cylinder Number Low Cylinder Number Low 

0 0 0 0 0 Cylinder Number High Cylinder Number High 

0 0 0 0 0 SOH SOH 

0 0 0 0 Command Register NOT USED 
(from Host) 

SLAVE HOST 
00100 0 X X X INVALID INVALID 

WD42C22C 

X 0 0 0 1 0 0 0 INVALID Slave Address Port for reads 

X 0 0 0 0 0 Slave Read Data Slave Write Data 

X 0 0 0 o 1 0 INVALID Slave Address Port for writes 

X 0 0 0 1 X X X INVALID NOT USED 

X 0 0 1 X X X X INVALID NOT USED 

X 0 1 1 X X X X X BUS TRISTATE NOT USED 

X X X X X X X X BUS TRISTATE NOT USED 

TABLE 11. LOCAL MICROCONTROLLER REGISTER MAP (CONT'D) 

3.3.11.1 Bit 6 Write Gate On 

This bit reflects the state of the WG output 
pin. 

3.3.11.2 Bit 5 Head Select 31 
Reduce Write Current 

----
This bit reflects the state of the HS3/RWC 
drive control output. The RWC bit is written 
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by the local microcontroller. HS3 comes from 
the SDH register bit 3. 

3.3.11.3 Bit 4, Bit 3, And Bit 2 Head Selects 

These bits reflect the states of the HS2, HS1, 
HSO, and drive control outputs respectively. 
These bits are controlled by SDH register bits 2 
through 0 respectively. 

3.3.11.4 Bit 1 And Bit 0 Drive Selects 

These bits indicate which drive is currently 
being selected by the host. They are controlled 
by the SDH register bit 4. 

3.4 SLAVE HOST INTERFACE 

In slave mode, the WD42C22C host interface can 
be hooked up to a peripheral device such as the 
WD33C93 (SBIC). The microcontroller reads and 
writes the peripheral device through the 
WD42C22C using the ports as follows: 

A A A A A A A A A READ WRITE 
B D D DD D D D D PORT PORT 
S 7 6 5 4 3 2 1 0 
Y 

X 0 0 0 0 0 0 Bus tri- Slave 
state address 

port for 
reads 

X 0 1 001 o 1 0 Bus tri- Slave 
state address 

port for 
writes 

X 0 1 001 001 Slave Slave 
read write 
data data 

The slave peripheral connects to the WD42C22C 
using an ALE type interface. Register reads and 
writes are always 8-bit. The procedure to read or 
write a slave peripheral register is to first write the 
register number to the slave address port before 
the register contents are read or written. This ad
dress must always be written before each 
register access even when consecutively access
ing the same register two or more times. 
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Data transfers between the peripheral device and 
the WD42C22C are WD-bus mode and can be 
either 8-bit or 16-bit and is controlled by the H16/8 
bit (bit 1 of the auxilliary buffer control register). 
The slave mode is enabled by the HSMB bit (bit 6 
of the auxilliary buffer control register). 

3.5 LOCAL MICROCONTROLLER 
INTERFACE ORGANIZATION 

The local microcontroller controls the host inter
face mode (AT or XT) and controls the buffer 
manager and the drive controller. The local 
microcontroller is usually in a sleep state until it is 
told to do something by the assertion of the 
MCINT output. In the XT mode, MCINT is as
serted when the controller is selected. In the AT 
mode, MCINT is asserted when the host writes to 
the command register. In slave host mode, 
MCINT is asserted when the slave peripheral 
device asserts its INTRQ signal. MCINT is also 
asserted at the end of each host or disk transfer 
regardless of the interface mode. 

The local microcontroller can have either the 
Intel-type (8051) or the Motorola-type (68HC11) 
interface. The WD42C22C has a built-in MO
torola-inTEL (MOTEL) circuit which can sense the 
processor .interface type and can therefore be 
directly interfaced to either type processor. 

Table 11 lists the register map for the local 
microcontroller. 

3.6 DISK CONTROLLER TASK FILE 
(AD7 THRU ADO = 20 THRU 27) 

3.6.1 Error Register (AD7 Thru ADO = 21, 
READ) 

The error register reads only and contains the 
specific error status pertaining to a command. 
The meaning of the status register bits are as 
follows: 

Bit 

7 6 5 4 3 2 1 0 

BB CRC/ RIDF IDNF 0 AC 0 DMNF 
ECC 
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3.6.1.1 Bit 7 Bad Block 

A bad block address mark has been detected 
when trying to read or write that sector. The data 
field is not be read or written. 

3.6.1.2 Bit 6 CRC/ECC Data Field Error 

A CRC error in the data field has been detected 
when in CRC mode. In ECC mode, data errors 
were detected in the data. 

3.6.1.3 Bit 5 Relocation ID Found 

This bit is set if a relocation ID is found after 
detecting the bad block mark in the desired 
sector's ID field. This bit is only valid if the R 
option is used in the set parameter command. 

3.6.1.4 Bit 4 ID Not Found 

Occurs when cylinder, head, sector, size para
meters with a correct ID field CRC cannot be 
found. For a scan ID command, this bit is set after 
10 index pulses if the retry disable bit is not set. 
Otherwise, IDNF is set after 2 index pulse if no ID 
was found. For read and write sector commands 
with the retry disable bit set, this bit indicates that 
after 10 index pulses, auto-scan ID and auto
seek, and 10 more index pulses, no matching ID 
field was found. If the retry disable bit is set and 
no matching ID field was found after 2 index pul
ses, then no auto-scan or auto-seek is performed. 

3.6.1.5 Bit 3 Reserved 

Not used, forced to zero. 

3.6.1.6 Bit 2 Aborted Command 

Set if command was started and one of the follow
ing conditions occurred: 

• 1. Drive not ready 

• 2. Write fault 

• 3. Illegal command code. 

3.6.1.7 Bit 1 Reserved 

Not used in WD42C22C, forced to zero. 

WD42C22C 

3.6.1.8 Bit 0 Data Address Mark Not Found 

Set if the first two bytes of the data field following 
an ID match are not Ai F8. This condition is 
checked for read sector commands only. 

3.6.2 PLO Length Register 
(AD7 Thru ADO = 21, Write) 

This register is used for two purposes: 
• 1. To determine the length of the Data PLO 

sync field during write commands and to deter
mine the length of the ID PLO sync field dur
ing format commands. The contents of this 
register regulates the PLO field size in all data 
coding modes. 

• 2. To load a value in the internal GAP register. 
During the load parameter block command, 
the contents of the lower six bits of the PLO 
length register are transferred to the internal 
GAP register. In hard sector NRZ (ESDI) 
mode, this internal GAP register is used to 
control the delay between the INDEX or SEC
TOR pulse and the leading edge of READ 
GATE. In hard sector MFM or RLL mode, this 
internal GAP register is used to control the 
delay between the INDEX or SECTOR pulse 
and the falling edge of the internally generated 
DRUN signal. In hard sector MFM or RLL 
mode, RG is asserted 2 byte times after 
INDEX or SECTOR. This GAP register is al-
tered by loading the desired GAP register II 
value into the PLO length register and then is- I 

suing a load parameter block command. 

3.6.3 Sector Count (AD7 Thru ADO = 22, 
Read/Write) 

Bit 

7 6 5 4 3 2 1 

NUMBER OF SECTORS/GAP VALUE 
SECTOR WITH BAD BLOCK 

This register is used for three purposes: 

0 

• 1. The sector count register is used in read 
sector, write sector, and format commands to 
implement multiple sector handling with one 
command. A value of 1 indicates a single sec
tor transfer, a value of 2 indicates a 2 sector 
transfer, and so forth. A value of 0 indicates a 
256 sector transfer. Sector count decrements 
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and sector number increments after each sec
tor transfer to or from the buffer. 

• 2. To load a value into the internal gap value 
register. During the load parameter block com
mand the contents of this register are trans
ferred into an internal gap value register. This 
gap value register specifies the data byte writ
ten into the gaps during format commands. 

• 3. To specify to the microcontroller the sector 
number where a bad block bit was detected if 
relocation ID searches are enabled. If the R 
option is set in a set parameter command, 
then during read and write commands if a bad 
block is detected, the WD42C22C searches 
for a speciallD field containing relocation infor
mation. When the command terminates due to 
a bad block, then the sector number of the sec
tor with the bad block is returned to the micro
controller in this register. This is true whether 
or not the relocation information is detected. 

3.6.4 Sector Number 
(AD7 Thru ADO = 23, ReadlWrite) 

Bit 

7 6 5 4 3 2 1 0 

SECTOR NUMBER / GAP SIZE 

The sector number register has three uses: 
• 1. To hold the number of the desired sector for 

read and write commands. The sector number 
can range from 0 to 255. 

• 2. To control the Gap 1 and Gap 3 sizes 
during format commands. The sector number 
holds the number of gap bytes minus three for 
format (number of gap bytes minus six for 
NRZmode). 

·3. To load a value into the internal pad value 
register. During the load parameter block com
mand, the contents of this register are trans
ferred into an internal pad value register. This 
pad value register specifies the data byte writ
ten into the ID and DATA pads during format 
and write commands 
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3.6.5 Cylinder Number Registers 
(Cylinder Number Low: 
AD7 Thru ADO = 24, Read Write 
Cylinder Number High: 
AD7 Thru ADO = 25, ReadlWrite) 

This register has two functions: 
• 1. To specify the cylinder number for read, 

write, and format commands. The cylinder 
number may range in value from 0 to 2047. 

• 2. The cylinder number register is used during 
a load parameter block command to specify 
the desired sector size if a non-standard sec
tor size is desired and to specify the offset for 
a write ID command. To load the internal sec
tor size register, write in the desired sector 
size into the cylinder registers. Next, issue a 
load parameter block command. Set U=1 to 
enable the programmable sector size or 
programmable write ID offset. 

3.6.6 Cylinder Number Registers 
(Cylinder Number Low: 
AD7 Thru ADO = 24, ReadlWrite 
Cylinder Number High: 
AD7 Thru ADO = 25, ReadlWrite) 

Cylinder number low register holds the 8 least 
significant bits of the desired cylinder number or 
the 8 least significant bits of the desired sector 
size. 

Cylinder number high register holds the three 
most significant bits (bits 0 through 2) of the 
desired cylinder number or the three most sig
nificant bits of the desired sector size. Bits three 
through seven of the cylinder number high 
register are not used and must be set to zero. 

3.6.7 SOH Register (AD7 Thru ADO = 26, 
Read/Write) 

This register is used to specify the desired drive 
and head numbers and to specify CRC or ECC 
mode. There are two SDH modes available, three 
or four bit head number. Three bit head mode is 
the default after a master reset. Setting the H bit 
in the set parameter command engages the four 
bit head mode. 
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3.6.7.1 SOH Register, Three-Bit Head Number 

Bit 

7 6 5 4 3 2 1 0 

GRG/ SS1 SSO 0 0 Head # 
EGG 

3.6.7.2 SOH Register, Four-Bit Head Number 

Bit 

7 6 5 4 3 2 1 0 

GRG/ SS1 sso 0 Head # 
EGG 

3.6.7.3 Bit 7 ECC/CRC Select 

This bit is set for data field EGG mode. It is reset 
for data field GRG mode. In RLL mode, this bit is 
ignored. RLL mode always uses 7 -byte EGG. The 
GRC/EGG flag bit is not written on the disk at 
format time. The bad block flag is written on the 
disk in its place. 

3.6.7.4 Bit 6 and Bit 5 Sector Size 

Bits 6 and 5 contain sector size bits. These bits 
are written on the disk at format time. These bits 
should be 0 if programmable sector size is used. 
These bits are reserved for special flags in 
programmable sector size mode. The possible 
sector sizes and their selection codes are as fol
lows: 

SS1 SSO Sector Size 

0 0 256 byte data field 

0 512 byte data field 

0 1 024 byte data field 

1 128 byte data field 

The sector sizes can be optionally specified to 
be any value between 100 and 2048 bytes by 
using the load parameter block command. The 
user is responsible for validating the effectiveness 
of the EGG for sector sizes over 1056 bytes. 
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3.6.7.5 Bit 4 and Bit 3 Reserved 
Bit 4 Drive Number Reserved 

Reserved. Set to o. 

3.6.7.6 Bit 2, Bit 1, And Bit 0 
Three Bit Head Number 
Bit 3, Bit 2, Bit 1, And Bit 0 
Four Bit Head Number 

Bits 2, 1, and 0 specify the desired head 
number in the three bit mode. Bits 3, 2, 1, and 0 
specify the desired head number in four bit mode. 
The local microcontroller is responsible for 
outputting these bits to the drive. 

NOTE 
These bits are written on the disk at format 
time. The SOH byte written in the 10 field during 
a format command is NOT the same as the SOH 
register. The SDH format byte is shown 
below: 

3.6.7.7 SOH 10 Field Format Byte 
(Three Bit Head Mode) 

Bit 

7 6 5 4 3 2 1 

Bad SS1 SSO 0 0 Head # 
Block 

3.6.7.8 SOH 10 Field Format Byte 
(Four Bit Head Mode) 

Bit 

7 6 5 4 3 2 

Bad SS1 sso 0 Head # 
Block 

3.6.8 Status Register (A07 Thru 
ADO = 27, Read) 

1 

0 

0 

The status register is read only and reflects the 
status of the controller as well as the status of 
certain drive control lines. If command in progress 
(bit 1) is set then no other register reads are valid 
and none of the other register bits are valid. The 
status register contents are returned for any read 
and all writes are disabled. The description of the 
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status register bits follows: 

Bit 

7 6 5 4 3 2 1 0 

0 RDY WF 1 0 0 0 ERR 

3.6.8.1 Bit 7 Always 0 

This bit is always zero when the microcontroller 
has access to this status register. 

3.6.8.2 Bit 6 Drive Ready 

This bit reflects the status of the DRDY. Any com
mand aborts if DRDY is low. 

3.6.8.3 Bit 5 Write Fault 

This bit reflects the state of the WF pin. Any com
mand aborts if WF is high. 

3.6.8.4 Bit 4 Always 1 

This bit reflects the state of the SC input to the 
drive controller. This signal is internally tied to 
VDD. 

3.6.8.5 Bit 3 Always 0 

This bit reflects the state of the BDRQ signal that 
goes between the drive controller and the buffer 
manager. It is always zero when the 
microcontroller has access to this status register. 

3.6.8.6 Bit 2 Not Used 

Forced to 0 

3.6.8.7 Bit 1 Always 0 

This bit reflects the state of the command in 
progress signal in the drive controller. It is always 
zero when the microcontroller has access to this 
status register. 
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3.6.8.8 Bit 0 Error 

This bit indicates that a non-recoverable error has 
occurred. The error register describes the error 
condition when this bit is asserted. 

Drive ready and write fault bits reflect the state of 
their associated input pins. The states of these 
status register bits are latched at the end of the 
command and are unlatched after the first status 
register read. Reading the status register results 
in the disk controller interrupt being reset. 

3.6.9 Command Register 
(AD7 Thru ADO = 27, Write) 

The command to be executed is written into this 
register. Writing this register sets the internal 
BUSY and CIP signals and causes the controller 
to start executing the desired command. Writing 
this register resets the disk controller interrupt 
(DCI bit in the interface status register). 

3.7 XT Interface Ports 

3.7.1 XT Host Hardware Status 
(AD7 Thru ADO = 20, ReadlWrite) 

Bits 7, 6, 2, and 1 of this register are written by 
the local microcontroller and read by the host. The 
other bits reflect the state of certain hardware sig
nals. This register is readable and valid in all host 
modes. 

Bit 

7 6 5 4 3 2 1 0 

1 1 IRQ DRQ XBSY C/D 1/0 REQ 

3.7.1.1 Bits 6 And 7 Undefined 

These bits are currently undefined in the XT 
protocol and read as 1. 

3.7.1.2 Bit 5 Interrupt Request 

This bit reflects the state of the INTRQ output. 
This bit can NOT be written by the microcontrol
ler. 
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3.7.1.3 Bit 4 DMA Request 

This bit reflects the state of the OREO output. 
This bit can NOT be written by the microcontroller. 

3.7.1.4 Bit 3 XT Busy 

This bit reflects the state of the internal XT 
BUSY flipflop. This bit is set by during a reset and 
is set when the W042C22C is selected in XT 
mode. This bit can NOT be written by the micro
controller. 

3.7.1.5 Bit 2 Command / Data 

This bit tells the host which type of transfer is 
eX.Q.ected at the read data and write data ports. 
C/O = 1 indicates that !!.command or status trans
fer is expected and C/O = 0 indicates that a data 
transfer is expected. This bit is written by the 
microcontroller. 

3.7.1.6 Bit 1 Input / Output 

This bit tells the host the direction of transfer for 
the two data ports. I/O = 1 lDdicates an input 
(read) by the host and I/O = 0 indicates 
an output (write) by the host. This bit is written by 
the microcontroller. 

3.7.1.7 Bit 0 Request 

This bit indicates the state of the internal host 
transfer enable. This bit is active when the buffer 
manager is transferring data between the RAM 
and the host. This bit can NOT be written by the 
microcontroller. This bit is identical to the ORO in 
the drive zero status and drive one status 
registers used in AT mode. 

3.7.2 Host Drive Configuration 
(AD7 Thru ADO = 2E, Write) 

This register is used to write the drive configura
tion information that is read by the host. 
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3.7.3 Buffer Manager Registers 
(AD7 Thru ADO = 30 Thru 37) 
Host Buffer Pointer Low 
(AD7 Thru ADO = 30, Read/Write) 
Host Buffer Pointer High 
(AD7 Thru ADO = 31, Read/Write) 

Bit 

7 6 5 4 3 2 1 

LEAST SIGNIFICANT BYTE OF HOST 
BUFFER POINTER 

Bit 

7 6 5 4 3 2 1 

0 

0 

0 MOST SIGNIFICANT BITS OF HOST 
BUFFER POINTER 

The host buffer pointer low register contains the 
least significant byte of the host buffer pointer. 
The host buffer pointer high register contains the 
seven most significant bits of the host buffer 
pointer. The host buffer pointer is used as the 
base address for the internal host buffer counter. 
The contents of the host buffer pointer registers 
are transferred to the host buffer pointer counter 
under the control of the buffer control register. 

When the AHBP bit is set in the control register, 
then the pointer register is transferred to the 
pointer counter when the transfer counter reaches II 
zero. If the transfer count is already zero, then the I 

transfer occurs immediately. This allows a pend-
ing transfer to be queued behind the current 
transfer. When the pointer is transferred to the 
counter, the AHBP buffer status bit resets. 

3.7.4 Host Transfer Count Low 
(AD7 Thru ADO = 32, Read/Write 
Host Transfer Count High 
(AD7 Thru ADO = 33, Read/Write) 

The host transfer count low register contains the 
least significant byte of the host transfer count. 
The host transfer count high register contains the 
most significant bits of the host transfer count. 
The transfer count controls the number of bytes 
that are to be transferred on the host interface. 
The transfer count register is transferred to the 
internal transfer counter at the same time that the 
host buffer pointer register is transferred to the 
host buffer pointer counter. The transfer counter is 
12 bits long which gives a maximum transfer 
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count of 4095 bytes. 

Bit 

7 6 5 4 3 2 1 0 

LEAST SIGNIFICANT BYTE OF HOST 
TRANSFER COUNT 

Bit 

7 6 5 4 3 2 1 0 

0 0 0 0 MS BITS OF 
HOST TRANSFER 
COUNT 

3.7.5 Disk Buffer Pointer Low 
(AD7 Thru ADO = 34, Read/Write) 
Disk Buffer Pointer High 
(AD7 Thru ADO = 35, Read/Write) 

The disk pointer low register contains the least 
significant byte of the disk buffer pointer. The disk 
pointer high register contains the seven most sig
nificant bits of the disk buffer pointer. The disk 
buffer pOinter is used as the base address for the 
internal disk buffer counter. The contents of the 
disk buffer pointer registers are transferred to the 
disk buffer pointer counter under the control of the 
buffer control register. When the ADBP bit is set in 
the control register, then the pointer is transferred 
to the counter when the drive controller sets DROI 
to 1 (bit 1) in the interface status register (3816). 
This allows a pending transfer to be queued be
hind the current transfer. When the pOinter 
register is transferred to the counter, the ADBP bit 
in the buffer status resets. If ADBP=O when the 
drive controller sets DROI to 1, then the drive 
controller stops transferring data to the buffer and 
discontinues the command until ADBP sets. 

Bit 

7 6 5 4 3 2 1 0 

LEAST SIGNIFICANT BYTE OF 
DISK BUFFER POINTER 

Bit 

7 6 5 4 3 2 1 0 

0 MOST SIGNIFICANT BYTE OF 
DISK BUFFER POINTER 
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3.7.6 Microcontroller RAM Access Port (AD7 
Thru ADO = 36, ReadlWrite) 

This port is used by the local microcontroller to 
access the buffer RAM. Accesses to this port go 
through the drive controller's FIFO. These acces
ses are enabled by the MAC bit in the drive inter
face control register. The DRWB bit in the buffer 
manager control register controls the direction of 
the accesses. 

3.7.7 Buffer Control Register 
(AD7 Thru ADO = 37, Write) 

This register is used to control the buffer 
manager. 

Bit 

7 6 5 4 

AT/XT RDCFG RXC AHBP 

3 2 1 0 

HRWB DRWB BDEN ADBP 

3.7.7.1 Bit 7 AT / XT INterface Control 

This bit, along with HSMB, in the auxilliary 
buffer control register, controls the host interface 
type. If AT/XT = O..Jben the interface is XT type if 
HSMB = O. If AT/XT = 1, then the interface is AT 
type if HSMB = o. This bit has no meaning if 
HSMB = 1. The RESET input and the host soft 
reset does not affect this bit. 

3.7.7.2 . Bit 6 Read Configuration 

When this bit is set, all buffer address outputs 
are placed in a medium impedence state with 
each buffer address pin having a 180 IlA current 
source pulldown. The buffer manager should be 
idle when this mode is enabled. This mode is 
used to read configuration switch information. The 
microcontroller should wait 100 Ilsec after setting 
this bit before reading the configuration registers. 
This bit resets when RESET is asserted. 

3.7.7.3 Bit 5 Reset Transfer Counter 

When this bit is set, the internal transfer counter 
and the host FIFO pointers reset. This bit resets 
after the transfer counter and FIFO reset. 
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3.7.7.4 Bit 4 Arm Host Buffer Pointer 

Writing a 1 to this bit, sets an internal latch. Writ
ing a 0 to this bit has no effect. When this bit is 
set, then when the internal transfer counter 
reaches zero the host buffer pointer is transferred 
to the internal host buffer counter and the host 
transfer count is transferred to the internal transfer 
counter. This bit is reset by the WD42C22C after 
the host pOinter and count registers are trans
ferred. This bit resets when RESET is asserted. 

3.7.7.5 Bit 3 Host Read I Write 

This bit controls the direction of the host data 
transfers. It is used internally to control the direc
tion of the FIFO. When HRWB = 0, then the host 
writes to the WD42C22C. When HRWB = 1, then 
the host reads from the WD42C22C. 

3.7.7.6 Bit 2 Disk Read I Write 

This bit controls the direction of the disk or local 
microcontroller data transfers. It is used internally 
to control the direction of the disk FIFO. When 
DRWB = 0, then the disk controller or local 
microcontroller writes to the buffer RAM. When 
DRWB = 1, then the disk controller or local 
microcontroller reads from the buffer RAM. When 
the microcontroller accesses the buffer RAM, then 
this bit should be written before the ADBP bit is 
set. 

3.7.7.7 Bit 1 Burst DMA Enable 

When BDEN = 1 and HDMA = 1 in the auxilliary 
buffer control register, then burst DMA transfers 
are enabled on the host interface. 

3.7.7.8 Bit 0 Arm Disk Buffer Pointer 

Writing a 1 to this bit, sets an internal latch. Writ
ing a 0 to this bit has no effect. When this bit is 
set, then the disk buffer pointer is transferred to 
the internal disk buffer counter when the drive 
controller sets the BDRQ interrupt. This bit also 
enables the disk controller to continue to the next 
sector. This bit is reset by the WD42C22C after 
the pointer registers have been transferred. 
When the disk controller port is used by the local 
microcontroller to access the buffer RAM, then 
setting this bit resets the disk FIFO pointers and 
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the next byte read or written by the microcontroller 
will be at the new address loaded into the disk 
buffer pointer. 

3.7.8 Buffer Status Register 
(AD7 Thru ADO = 37, Read) 

This register reflects the status of the buffer 
manager logic. 

Bit 

7 6 5 4 

AT/XT RDCFG RXC AHBP 

3 2 1 0 

HRWB DRWB BDEN ADBP 

3.7.8.1 Bit 7 AT I XT Interface Mode 

This status bit reflects the state of the AT/XT con
trol bit defined above. 

3.7.8.2 Bit 6 Read Configuration 

This bit reflects the state of the read configuration 
control bit defined in the buffer manager control 
register. 

3.7.8.3 Bit 5 Reset Transfer Counter 

This bit reflects the state of the RXC control bit 
defined in the buffer control register. 

3.7.8.4 BIT 4 Host Buffer Pointer Armed 

This bit reflects the state of the AHBP control bit 
defined in the buffer control register. 

3.7.8.5 Bit 3 Host Read I Write 

This bit reflects the state of the HRWB control bit 
defined in the buffer control register. 

3.7.8.6 Bit 2 Disk Read I Write 

This bit reflects the state of the DRWB control bit 
defined in the buffer control register. 
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3.7.8.7 Bit 1 Burst DMA Enable 

This bit reflects the state of the BDEN control bit 
defined in the buffer control register. 

3.7.8.8 Bit 0 Disk Buffer Pointer Armed 

This bit reflects the state of the ADBP control bit 
defined in the buffer control register. 

3.7.9 AUxiliiary Buffer Control Register (AD7 
Thru ADO = 2F, Write) 

This register is used for additional control of the 
buffer manager and host interface. 

Bit 

7 6 5 4 

HDMA HSMB BCNT 100 

3 2 1 0 
DSEL X H16/8 SCKS 

3.7.9.1 Bit 7 Host DMA 

This bit controls the host data transfers tolfrom 
the buffer RAM. If HDMA = 1, then the data is 
transferred to the host via DMA regardless of the 
host interface selected. If HDMA = 0, the default, 
then data is transferred via programmed I/O. 

3.7.9.2 Bit 6 Host Slave / Master 

When HSMB = 0, the default, then the host is a 
master which drives the WD42C22C in either XT 
or AT type interface. When HSMB = 1, then the 
host is a slave device which is controlled by the 
local microcontroller. The slave device can be 
addressed in either ALE or indirect mode. The 
SBIC is an example of a device which can be 
connected to the WD42C22C. The ALE mode 
supports up to 32 registers in the slave device. 
Data transfers occur via WD-BUS mQde if HDMA 
= 1 and is an 8-bit t@nsfer if H16/8 = ° and a 
16-bit transfer if H 16/8 = 1. This bit resets upon 
power-up but not affected by RESET. 
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3.7.9.3 Bit 5 Burst Continuous 

This bit, along with the HDMA bit, and the BDEN 
bit in the buffer control register control the burst
ing of data during DMA transfers. If BCNT = 
1, HDMA = 1, and BDEN = 1, then the 
WD42C22C DMAs data continuously as long as 
the FIFOs can keep up. If BCNT = 0, HDMA = 1, 
and BDEN = 1, then the WD42C22C DMAs data 
in 8-byte or 16-byte maximum length bursts, for 8 
and 16 bit host data bus width, respectively. 

3.7.9.4 Bit 4 Intelligent Drive Decode 

When 100 = 1, then the controller is assumed to 
be on an intelligent drive. The HDO-1S, INTRQ, 
and DREQ/IOCS16 outputs are always tri-stated if 
the drive is not selected. If 100 = 0, the default, 
then the outputs are controlled normally. This bit 
resets upon power up but not affected by RESET. 

3.7.9.5 Bit 3 Drive Select 

This bit is used~hen 100 = 1 to control drive 
selection. If AT/XT =1, then the drive is con
sidered selected when SOH register bit 4 equals 
DSEL. If AT/XT = 0, then the drive is considered 
selected if DSEL = 1 and not selected if DSEL = 
0. This bit resets upon power-up but not affected 
by RESET. 

3.7.9.6 Bit 1 Host 16/8 Bit 

This bit controls the wigth of the data transfers on 
the host side. If H16/8 = Q, then the host data 
transfers are 8-bit. If H16/8 = 1, the host data 
transfers are 16-bit. This bit resets upon power up 
but not affected by RESET. 

3.7.9.7 Bit 0 Synchronous Clock Switch 

This bit is used to control the clocking of the drive 
controller so that ESDI drives can be changed or 
data rates can be changed without the need for 
external clock deglitching. When SCKS =1, the 
default, then the WD42C22C synchronously 
switches the drive controller to the internal buffer 
clock (BCLK). When SCKS = 0, the WD42C22C 
switches the drive controller back to WCLK. The 
switch occurs only if both clocks are present. The 
CKSRC status bit defined below indicates 
whether or not the switch occured. When RESET 
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is asserted, the buffer clock clocks the drive con
troller during the reset and SCKS is set. The 
microcontroller must switch the clock source to 
the WCLK input prior to issuing any commands to 
the drive controller. 

3.7.10 Auxilliary Buffer Status Register (AD7 
Thru ADO = 2F, READ) 

This register gives additional status of the buffer 
manager and host interface. 

Bit 

7 6 5 4 

HDMA HSMB BCNT IDD 

3 2 1 0 
DSEL CKSC H16/8 SCKS 

3.7.10.1 Bit 7 Host DMA 

This bit reflects the state of the HDMA control bit 
defined in the auxilliary buffer control register. 

3.7.10.2 Bit 6 Host Slave / Master 

This bit reflects the state of the HSMB control bit 
defined in the auxilliary buffer control register. 

3.7.10.3 Bit 5 Burst Continuous 

This bit reflects the state of the BCNT control 
bit defined in the auxilliary buffer control 
register. 

3.7.10.4 Bit 4 Intelligent Drive Decode 

This bit reflects the state of the IDD control bit 
defined in the auxilliary buffer control register. 

3.7.10.5 Bit 3 Drive Select 

This bit reflects the state of the DSEL control bit 
defined in the auxilliary buffer control register. 
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3.7.10.6 Bit 2 Clock Source 

This bit indicates the source of the drive controller 
clock. If CKSRC = 1 and SCKS = 1, then the drive 
controller is being clocked by the buffer clock 
(BCLK). If CKSRC = 0 and SCKS = 0, then the 
drive controller is clocked by WCLK. If CKSRC = 
1 and SCKS = 0 or CKSRC = 0 and SCKS = 
1, then the clock source is undefined. CKSRC 
should not be checked until at least 10 clock 
periods after the SCKS has been written. The 
slower of BCLK and WCLK should be used in 
determining this delay. 

3.7.10.7 Bit 1 Host 16 / 8 

This bit reflects the state of the H16/8 control bit 
defined in the auxilliary buffer control register. 

3.7.10.8 Bit 0 Synchronous Clock Switch 

This bit reflects the state of the SCKS control bit 
defined in the auxilliary buffer control register. 

3.7.11 Interface Status Register 
(AD7 THRU ADO = 38, READ) 

This register is used to indicate the status of the 
WD42C22C. The bits are defined as follows: 

Bit 

7 6 

MINT DCGI 

3 2 

DCI HPRI 

3.7.11.1 Bit 7 Microcontroller 
interrupt 

5 4 

RSTI FEI 

1 0 

DROI CWSI 

This bi~h if the MCINT output pin is as
serted. MCINT is the logical OR of seven sources: 

• 1. A host SDH register write 

• 2. A host soft reset 

• 3. A FIFO error 

• 4. The disk controller interrupt signal 

• 5. The host transfer count interrupt flip-flop 

• 6. The disk controller BDRO signal 

• 7. The command write/select interrupt flip-flop. 
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If any of the bits 6 through 0 are set, then the 
MCINT bit is high. 

3.7.11.2 Bit 6 Drive Change Interrupt 

This bit sets when the host writes a new value to 
the SOH register bit 4 when AT mode is selected. 

3.7.11.3 Bit 5 Soft Reset Interrupt 

This bit sets if the host initiates a soft reset. This 
bit resets by writing the proper bit in the interface 
control register. 

3.7.11.4 Bit 4 FIFO Error Interrupt 

This bit sets if a FIFO overrun or underrun condi· 
tion occurs during host or disk transfers. It resets 
by writing the proper bit in the interface control 
register. 

3.7.11.5 Bit 3 Disk Controller 
interrupt 

This bit reflects the state of the disk controller 
interrupt signal. This interrupt occurs at the end of 
a command. This bit resets either when the disk 
controller status (port 2716) is read or when the 
disk controller command (port 2716) register is 
written. 

3.7.11.6 Bit 2 Host Pointer Ready 
interrupt 

This bit reflects the state of the host transfer count 
interrupt flip-flop. This interrupt sets when the host 
transfer counter reaches zero and the FIFO is 
empty if the host pointer is not armed. It is also 
set when the host pointer pipeline register is 
loaded into the host pointer counter. It resets by 
writing the proper bit in the interface control 
register. 

3.7.11.7 Bit 1 Disk BDRQ Interrupt 

This bit reflects the state of the disk controller 
BORO signal. It sets when the disk controller 
starts a transfer between the disk controller and 
the sector buffer. It resets by writing the proper bit 
in the interface control register. If AOBP = 0 (bit 0 
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in the buffer control register, 3716) when this bit 
first goes from 0 to 1, then OROI and MCINT is 
not reset until after the microcontrolier writes 
AOBP = 1. 

3.7.11.8 Bit 0 Command Write / Select / Slave 
Interrupt 

This bit informs the local microcontrolier that a 
command has been written if the W042C22C is 
in AT mode, that the W042C22C has been 

selected if it is in XT mode, or that the slave host 
device has issued an interrupt if in slave host 
mode. (Asserts INTRO. A slave interrupt only trig
gers on rising edge of INTRO.) This bit resets by 
writing the proper bit in the interface control 
register. 

3.7.12 Interface Control Register 
(AD7 Thru ADO = 38, Write) 

This register is used to control various parts of the 
W042C22C. The bits are defined as follows: 

Bit 

7 6 5 4 

SIRO ROCI RSRI RFEI 

3 2 1 0 

RBSY RHRI ROOI RCWS 

3.7.12.1 Bit 7 Set Interrupt 

Writing a 1 to this bit generates a host interrupt if 
interrupts are enabled. 

3.7.12.2 Bit 6 Reset Drive Change 
Interrupt 

Writing a 1 to this bit resets the host SOH write 
interrupt flip-flop. 

3.7.12.3 Bit 5 Reset Soft Reset 
interrupT 

Writing a 1 to this bit resets the soft reset interrupt 
flip-flop. In AT mode, the microcontroller must wait 
for the RST bit (2) in the FOR register (3F16) to be 
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reset by the host before this interrupt can be 
reset. 

3.7.12.4 Bit 4 Reset FIFO Error 
interrupt 

Writing a 1 to this bit resets the FIFO error inter
rupt flip-flop. 

3.7.12.5 Bit 3 Reset Busy 

Writing a 1 to this bit resets the BSY status bit in 
the hardware status register if XT mode is 
selected or it resets the ABSY status bit in the 
host status register if AT mode is selected. In AT 
mode, this bit should only be set at the very end 
of a command after the last ORO is asserted to 
the host. Internal logic handles ABSY during buff
er transfers to the host. 

3.7.12.6 Bit 2 Reset Host Pointer Ready 
Interrupt 

Writing a 1 to this bit resets the host pointer ready 
interrupt flip-flop. 

3.7.12.7 Bit 1 Reset Disk BDRQ Interrupt 

Writing a 1 to this bit resets the disk BORO inter
rupt flip-flop. 

3.7.12.8 Bit 0 Reset Command Write / Select / 
Slave Interrupt 

Writing a 1 to this bit resets the command 
write/select/slave interrupt flip-flop. 

3.7.13 Configuration Status Registers 
(Low: AD7 Thru ADO = 39, Read 
High: AD7 Thru ADO = 3A, Read) 

The configuration status registers are used to 
read the configuration jumpers on buffer address 
pins. When in read configuration mode, the buffer 
address lines have 300 !1A current source 
pulldowns enabled. If there is no external pullup 
resistor on the buffer address line, then the state 
of the line is read as a O. If a 13K external pullup 
resistor is connected to a buffer address line, 
then the state of the line is read as a 1. The 
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configuration registers should not be read until 
100 !1sec after enabling read configuration mode, 
to allow the buffer address line voltages to reach 
their proper value. Register contents are un
defined if not in read configuration mode. 

Configuration status low 

Bit 

7 6 5 4 3 2 1 0 

BA? THRU BAO 

Configuration status high 

Bit 

7 6 5 4 3 2 1 0 

0 BA14 THRU BA8 

3.7.14 Drive Interface Status 
(AD7 Thru ADO = 3B, Read) 

This register gives status information for the drive 
controller. It is coded as follows: 

Bit 

7 6 5 4 3 2 1 0 

ROC OROY WF HOS MAC ORO IPOL OSN 

3.7.14.1 Bit 7 Reset Drive Controller 

This bit reflects the state of the reset drive control
ler control bit defined in the drive interface control 
register. 

3.7.14.2 Bit 6 Drive Ready 

This bit is set if the OROY input is asserted by the 
drive. It can always be read by the local 
microcontroller regardless of the state of disk con
troller busy. 

3.7.14.3 Bit 5 Write Fault 

This bit is set if the WF input is asserted by the 
drive. It is always valid. 
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3.7.14.4 Bit 4 Host Drive Select 

This bit reflects the state of bit 4 of register 4616, 
the host copy of the SDH register. It is used by the 
host in AT mode as a drive select. If HDS = 0, 
then drive 1 is selected. If HDS = 1, then drive 2 is 
selected. This bit is always access able to the 
microcontroller regardless of the state of ABSY. 

3.7.14.5 Bit 3 Microcontroller Access Control 

This bit reflects the state of the microcontroller 
access control bit defined in the drive interface 
control register. 

3.7.14.6 Bit 2 Disable Reset Output 

This bit reflects the state of the disable reset out
put control bit defined in the drive interface control 
register. 

3.7.14.7 Bit 1 Input Polarity 

This bit reflects the state of the input polarity con
trol bit defined in the drive interface control 
register. 

3.7.14.8 Bit 0 Disable Sector Number 

This bit reflects the state of the disable sector 
number control bit defined in the drive interface 
control register. 

3.7.15 Drive Interface Control 
(AD7 Thru ADO = 3B, Write) 

This register is used to control the drive controller. 
It is coded as follows: 

Bit 

7 6 5 4 3 2 1 0 

RDC X X X MAC DRO IPOL DSN 

3.7.15.1 Bit 7 Reset Drive Controller 

When this bit is asserted, then the drive controller 
subsection of the WD42C22C resets. It is held 
reset as lo~he bit is asserted. This bit is 
reset when RESET is asserted. 

INTERFACE PORTS AND TASK FILES 

3.7.15.2 Bit 3 Microcontroller Access Control 

When this bit is set, the microcontroller is tied to 
the buffer RAM through the disk controller's port. 
The microcontroller can then read or write the 
buffer by reading from or writing to the RAM ac
cess port (3616). The DRWB bit in the buffer 
manager control port should be set to the proper 
state before this bit is set. When MAC = 1, then 
the disk controller task file (registers 2116 through 
2716) cannot be accessed by the microcontroller. 
If the microcontroller writes to these registers 
when MAC = 1, then the disk controller may not 
act properly. This bit resets when RESET is as
serted. The proper sequence for the 
microcontroller to read/write the RAM is defined 
under the buffer manager description. 

3.7.15.3 Bit 2 Disable Reset Output 

When this bit is set, all host initiated soft resets 
are disabled. Instead of the RESET line being as
serted on soft reset, only the MCINT line 
is asserted. It is the responsibility of the local 
microcontroller to properly reset the board 
hardware when this bit is set. This bit resets only 
during power-up. 

3.7.15.4 Bit 1 Input Polarity 

This bit~used to control the polarity of the 
INDEX, SCT, WF, and DRDY inputs. If IPOL= 0, 
the default, then the inputs are active low. 
If IPOL = 1, then the inputs are active high. In 
soft sector MFM and RLL modes, DRUN is al
ways active high regardless of the state of IPOL. 

3.7.15.5 Bit 0 Disable Sector Number 

When this bit is set, then the drive controller does 
not compare the sector number coming from the 
drive with the desired sector number when reads 
or writes are performed. The drive con
troller instead writes the sector number coming 
from the drive into the sector number register in 
the drive controller task file. At the end of each 
sector, just prior to issuing DROI or DCI, the drive 
controller always writes the sector number to the 
alternate sector number register. This bit resets 
when RESET is asserted. 
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3.7.16 Alternate Sector Number 
(AD7 Thru ADO = 3C, Read) 

When the disk controller interrupts the 
microcontroller, this register holds the sector 
number of the sector just read or written. It is 
always updated just prior to the disk BDRO inter
rupt (DROI) or the disk controller interrupt (DCI). It 
is initialized to FF16 at the start of every com
mand. It is written regardless of the state of the 
DSN bit described above. 

Bit 

7 6 5 4 3 2 1 0 

NUMBER OF LAST SECTOR READ OR 
WRITTEN 

3.8 AT Interface Ports 

3.8.1 AT Control Register 
(AD7 Thru ADO = 2A, Read/Write) 

This register controls the new auto-DRO option 
for write, write long, and format commands. 

Bit 

7 6 5 4 3 2 1 

0 0 0 0 0 OAD07 

3.8.1.1 Bits 7 Through 2 Reserved 

Set to O. 

3.8.1.2 Bit 1 Auto-DRQ 7 Byte ECC 

0 

ADRO 

When ADRO = 1 and ADO = 1, then 7 ECC bytes 
are transferred to/from the host on a read long or 
write long command. When ADRO = 1 and AD07 
= 0, then 4 ECC bytes are transferred to/from the 
host on a read long or write long command. When 
ADRO = 0, then the ECC7 bit in the fixed disk 
register (3F16) controls the number of ECC bytes 
transferred on read long and write long com
mands. 

WD42C22C 

3.8.1.3 Bit 0 Auto-DRQ Enable 

When ADRO = 1 in AT mode, then the 
WD42C22C automatically sets up the first data 
transfer from the host for write, write long, and 
format commands. When ADRO = 0, the local 
microcontroller must set up all data transfers 
to/from the host for all commands. 

3.8.2 Drive Zero Status 
(AD7 Thru ADO = 3D, Read/Write) 

In PC/AT mode, bits 6, 5, 4, 2, and 0 of the host 
status register are controlled by the local 
microcontroller. Bits 6, 5, 4, 2, and 0 of the host 
status register are set to the values of bits 6, 5, 4, 
2, and 0, respectively, of this register if bit 4 of the 
AT task file copy SDH register (port 46 for 
microcontroller, port 6 for host) is O. The other bits 
of the host status are not affected by this register. 

3.8.3 Drive One Status 
(AD7 Thru ADO = 3E, Read/Write) 

In AT mode, bits 6, 5, 4, 2, and bit 0 of the host 
status register are controlled by the local 
microcontroller. Bits 6, 5, 4, 2, and 0 of the host 
status register is set to the values of bits 6, 5, 4, 2, 
and 0, respectively, of this register if bit 4 of the AT 
task file copy SDH register (port 46 for 
microcontrolier, port 6 for host) is 1. The other bits 
of the host status are not affected by this register. 

3.8.4 Fixed Disk Register 
(AD7 Thru ADO = 3F, Read) 

This register contains the fixed disk register data 
written by the host. 

Bit 

7 6 5 4 3 2 1 0 

0 0 0 0 HS3EN RST lEN 0 
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3.8.5 Digital Input Register 
(AD7 Thru ADO = 3F, Write) 

Bit 5 of this register is written by the local 
microcontroller and read by the host if the fixed 
disk register bit 3 is zero. This bit is inverted when 
this register is read by the host. If HS3EN is one, 
then bit 5 of this register comes from SOH register 
bit 3. 

Bit 

7 6 5 4 3 2 1 0 

EGGM EGG7/ RWG X X X OS1 oso 
DORa 

3.8.5.1 Bit 7 ECC Mode 

In PG/AT mode, EGGMOO = 1 indicates that the 
data transferred to the host includes EGG. The 
EGG is transferred in bytes rather than in words. 
This bit is reset when RESET is asserted. This bit 
should not be set in XT or slave host modes. 

3.8.5.2 Bit 6 ECC 7 Bytes/ Disable BDRQ 

When EGGM = 1, then this bit determines the 
number of EGG bytes transferred to the host. If 
EGG7 = 1, then 7 bytes are transferred. Other
wise, 4 bytes are transferred. If EGCM = 0, then 
this bit controls whether or not the drive con
troller issues BORa interrupts. If DORa = 0, 
then the drive controller issues BORa inter
rupts. If DORa = 1, then the drive controller does 
not issue BORa interrupts. It should be noted that 
when BORa occurs, the buffer manager loads the 
disk pointer from its pipeline register and when no 
BORa occurs then the disk pointer keeps in
crementing from one sector to the next. This bit 
resets when RESET is asserted. 

3.8.5.3 Bit 5 Reduce Write Current 

This bit is set by the microcontroller and indi
cates the state of the RWG signal going to the 
drive. 

3.8.5.4 Bit 1 Drive Select 1 

This bit controls the state of the OS1 output pin. 
When OS 1 = 0, then the OS1 output is tri
stated and when OS1 = 1 the OS1 output is 
low. This bit is reset when RESET is asserted. 

INTERFACE PORTS AND TASK FILES 

3.8.5.5 Bit 0 Drive Select 0 

This bit controls the state of the OSO output pin. 
When OSO = 0, then the OSO output is tri-stated 
and when OSO= 1 the the OSO output is low. This 
bit is reset when RESET is asserted. 

3.8.6 AT Task File Copy 
(AD7 Thru ADO = 40 Thru 47, 
Read/Write) 

These registers are a copy of the disk controller 
task file. They are loaded by the host prior to the 
start of a command. The local microcontroller 
must read the command and interpret it and then 
copy the appropriate parameters from this task 
file copy to the actual drive controller task file 
(2016-2716). At the end of the command, the local 
microcontroller must update this task file copy 
before asserting INTRa and resetting ABSY. The 
local microcontroller can only access these 
registers when ABSY = 1 . 
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4.0 BUFFER MANAGER 
ORGANIZATION 

The buffer manager can control multiple seclor 
buffers totalling up to 32 Kbytes. The buffer inter
face requires static RAMs. The sector buffers can 
be any size up to 2055 bytes, including EGG, and 
can be located at any byte boundary. The buffer 
manager has two address counters, one for the 
host interface and one for the disk data buffer. 
Both counters can access the SRAM simUl
taneously. The buffer manager handles the ar
bitration between the host interface and the drive 
controller. There is a FIFO in the host data inter
face that allows a sustained bandwidth of 4 
Mwords/sec (8 Mbytes/sec) for 16-bit wide trans
fers and 8 Mbytes/sec for 8-bit wide transfers. 
The buffer manager can sustain a RAM 
bandwidth of 10 Mbytes/sec. 

When the local microcontroller wants to access 
the buffer RAM, it has to use the disk buffer 
manager logic. It first loads the desired starting 
address into the disk buffer pointer. The proper 
buffer manager control bits are then set to enable 
the local microcontroller access to the buffer. 
When the local microcontroller accesses the spe
cial RAM access port (register 3616), the data is 
read/written through the disk controller's FIFO 
port to the buffer. The RAM can only be accessed 
sequentially from the starting address and only in 
one direction as set by the DRWB control bit in 
the buffer control register. 

Both address counters are pipelined. There are 
registers that can be loaded with the starting ad
dress of the next sector buffer while the current 
buffer is transferring. This allows noncontiguous 
buffers to be chained without any loss of RAM 
bandwidth between sectors. 

4.1 

WD42C22C 

ACCESSING BUFFER RAM FROM THE 
MICRO-CONTROLLER 

The microcontroller can read and write the buffer 
RAM. To read the buffer RAM the procedure is: 
1. Set DRWB = 1 (bit 2) in the buffer manager 

control Register (3716). 

2. Set MAG = 1 (bit 3) in the disk controller con
trol register (3B16). 

3. Load the starting address of the data being 
accessed into the disk buffer pointer 
registers (34 & 3516). 

4. Set ADBP = 1 (bit 0) in the buffer manager 
control register (3716). 

The buffer manager begins reading data out of 
the RAM starting at the address specified in the 
disk pointer register and placing it into the FIFO. 
As the microcontroller reads from the RAM ac
cess port (3616), sequential bytes from the buffer 
are transferred from the FIFO to the 
microcontroller. 

The procedure to write to the buffer RAM is: 
1. Set DRWB = 0 (bit 2) in the buffer manager 

control register (3716). 

2. Set MAC = 1 (bit 3) in the disk controller con
trol register (3B16). 

3. Load the starting address of the data being II 
accessed into the disk buffer pointer 
registers (34 & 3516). 

4. Set ADBP = 1 (bit 0) in the buffer manager 
control register (3716). 

As the microcontroller writes data to the RAM ac
cess port (3616), the buffer manager transfers the 
bytes to sequential locations in the buffer RAM 
starting at the address specified in the disk pointer 
register. 

NOTE 

DRWB should not be changed while MAC = 1. 
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4.2 STARTING HOST TRANSFERS 
TOIFROM BUFFER RAM 

Host transfers can be performed in several 
modes. The modes available and the setup re
quired to establish each mode are as follows: 

HDMA BDEN BeNT H16/8-

1 0 X 0 
8-bit wide sinQle byte DMA 

1 0 X 1 
16-bit wide sinQle word DMA 

1 1 0 0 
8-bit wide, 8-byte burst DMA 

1 1 0 1 
16-bit wide, 16-byte burst DMA 

1 1 1 0 
8-bit wide, continuous burst DMA 

1 1 1 1 
16-bit wide, continuous burst DMA 

0 X X 0 
8-bit wide PIG 

0 X X 1 
16-bitwide PIG 

Bits HDMA (bit 7), BCNT(bit 5), and H16/8 (bit 1) 
are in the auxilliary buffer manager control 
register (2F16) and bit BDEN (bit 1) is in the buffer 
manager control register (3716). All of these 
modes are available in both the XT and AT host 
configurations. All of the DMA modes are avail
able in the slave host configuration. 

To perform a Host read data transfer the following 
sequence should be followed. 
1. Set up the appropriate transfer mode as 

described above. 

2. Set HRWB = 1 (bit 3) in the buffer control 
register (3716). 

3. Load the starting address of the desired sec
tor into the host pointer registers (3016 & 
3116). Load the number of bytes into the host 
transfer count registers (3216 & 3316). 

4. Set AHBP = 1 (bit 4) in the buffer manager 
control register (3716). Hardware automat
ically sets DRO (bit 3) and resets ABSY (bit 
7) in the host status register if AT mode and 
sets REO (bit 0) in the hardware status 
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register if XT mode. If DMA transfers are 
enabled, then the hardware automatically 
starts the DMA handshake when AHBP is 
set by the micro-controller. 

5. Waitfor HPRI = 1 (bit 2) in the interface 
status register (3816). MCINT is asserted. 

6. Set RHRI = 1 (bit 2) in the interface control 
register (3816) to reset the interrupt. If chain
ing and still more sectors then go to 3. 

7. Wait for HPRI = 1 (bit 2) in the interface 
status register (3816). MCINT is be asserted. 

8. Set RHRI = 1 (bit 2) in the interface control 
register (3816) to reset the interrupt. If still 
more sectors, then go to 3. 

9. Set RBSY = 1 (bit 3) in the interface control 
register when the entire command sequence 
is complete. This resets the ABSY and 
XBSY host status bits. They stay reset until 
the next command is issued by the host. 

To perform a host write data transfer, the following 
sequence should be followed. 
1. Set up the appropriate transfer mode as 

described above. 

2. Set HRWB = 0 (bit 3) in the buffer control 
register (3716). 

3. Load the starting address of the desired sec
tor into the host pointer registers (3016 & 
3116). Load the number of bytes into the host 
transfer count registers (3216 & 3316) 

4. Set AHBP = 1 (bit 4) in the buffer manager 
control register (3716). Hardware automat
ically sets DRO (bit 3) and resets ABSY (bit 
7) in the host status register if AT mode and 
set REO (bit 0) in the hardware status 
register if XT mode. If DMA transfers are 
enabled, then the hardware automatically 
starts the DMA handshake when AHBP is 
set by the micro-controller. 

5. Wait for HPRI = 1 (bit 2) in the interface 
status register (3816). MCINT is asserted. 

6. Set RHRI = 1 (bit 2) in the interface control 
register (3816) to reset the interrupt. If chain
ing and still more sectors then go to 3. 
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7. Wait for second HPRI = 1 (bit 2) in the inter
face status register (3816). MCINT is as
serted. 

8. Set RHRI = 1 (bit 2) in the interface control 
register (3816) to reset the interrupt. If stili 
more sectors then go to 3. 

9. Set RBSY = 1 (bit 3) in the interface control 
register when the entire command sequence 
is complete. This resets the ABSY and XBSY 
host status bits. They stay reset until the 
next command is issued by the host. 

4.3 CONTROLLER COMMANDS 

The WD42C22C Winchester command set con
tains twelve commands. Four commands (read 
sector, write sector, format, and set parameter) 
are directly executed through the command 
register. The remaining commands are not directly 
available to the host. These commands may be 
executed by the local microcontrolier transparent
ly to the host. Table 12 lists the commands and 
command codes. 

COMMAND 7 6 5 4 3 2 1 0 

Read Sector 0 0 1 0 0 M L T 
Read Next Data 0 1 1 0 o 0 L 1 
Write Sector 0 0 1 1 X M L T 
Write 10 1 0 1 1 F 0 A T 
Scan 10 0 1 0 0 o 0 0 T 
Format Track 0 1 0 1 o 0 W 1 
Format Single Sector 1 1 0 1 o 0 W 1 
Compute Correction 0 0 0 0 1 P 0 0 
Set Parameter Z 0 0 ROE H S 
Load Parameter Block 1 0 0 o 1 o K U 
Sleep 1 0 0 1 1 000 
Dump 1 0 1 o I B L 1 

Mnemonic definitions for Table 12: 

TABLE 12. COMMAND AND COMMAND CODES 

• M=O Single sector read or write. Sector count 
is ignored. 

M=1 Multiple sector read or write. Used for 
1:1 interleave. 

• L=O Normal mode, selected ECG or GRG 
functions performed. 

1214/90 
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Sector extended by 4 or 7 bytes (de
pends on set parameter command. 
No ECC generated or checked. 

Enable retries. 
Disable retries. 

Write sector specified in sector number 
register. 
Write sector specified in first byte of 
the sector buffer. 

Write new 10 immediately after current 
10. 
Write new 10 offset from current 10. 

Do not pulse AME when writing new 
10. 
Pulse AME when writing new 10. 

Write gate stays asserted for entire 
track or sector. 
Write gate deasserted over ali gaps 
during format. 

Transfer syndrome bytes to buffer and 
calculate error pattern bytes and 
transfer them to the buffer. 
Transfer syndrome bytes to the buffer 
but do not calculate error pattern 
bytes. 

MFM or RLL mode. 
NRZ mode. Mode used for ESDI drive 
interface. 

Disable relocation 10 searches. 
Enable relocation 10 searches. 

Sector extension for read long/write 
long 4 bytes. EGG generator/checker 
is 4 bytes. 
Sector extension for read long/write 
long 7 bytes. EGG generator/checker 
is 7 bytes. 

• H=O SOH register programmed for 3 head 
select bits. 

H=1 SOH register programmed for 4 head 
select bits. 

• S=O Error correction span 5 bits with 4 
byte EGG or 11 bits with 7 byte EGG. 

S=1 Error correction span 11 bits with 4 
byte EGG or 22 bits with 7 byte ECG . 

• 0=0 Select soft sector drive interface. De
fault after master reset. 

0=1 Select hard sector drive interface. In 
this mode, DRUN becomes a sector 
pulse input. 
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MODE 
MODE CONTROL OPTIONS 

Z D K M T L X A F R S E H P U W I B 
RLL soft sector ? 0 0 x x x x x x x x . x x x 
RLL hard sector ? 1 0 x x x x x x x x . x x x x x x 
MFM soft sector 0 0 1 x x x x x x x x x x x x 
MFM hard sector 0 1 1 x x x x x x x x x x x x x x x 
N RZ soft sector 1 0 1 x x x x x x x x x x x x 
NRZ hard sector 1 1 1 x x x x x x x x x x x x x x x 

? Don't care, could be 0 or 1. 
x These options are supported. 
• These options have no effect. 

TABLE 13. OPTION SUMMARY TABLE 

• K=O RLL data interface. Selection of this 
option disables the NRZ option. De
faults to this setting after master re
set. 

K=1 Data interface is either MFM or NRZ. 

• U=O Use the standard sector sizes defined 
under the SDH register description. 

U=1 Select user defined sector size. The 
desired sector size is put into the 
cylinder registers prior to issuing a 
load parameter block command. The 
auxilliary set parameter command 
transfers the desired sector size from 
the cylinder registers to an internal 
sector size register. 

• 1=0 Dump two fields per sector. Dump 5 ID 
bytes and the number of data bytes 
set by the sector size. 

i=1 Dump only one field per sector. The 
sizeof the field is set by the sector 
size and type of field (ID versus data) 
is Controlled by where RG is asserted. 

• 8=0 FE sync byte and zero preset GRG. 
8=1 A1 sync byte and ones preset GRG. 

Table 13 summarizes the data formats and op
tions supported by these formats. 

4.4 COMMAND DESCRIPTIONS 

4.4.1 Read Sector 

If M = 0, then the sector specified in sector num
ber register is read. If M = 1, then multiple records 
are read. If the sector count register = 0, then 256 
sectors are read at the desired track. 

If T =0, then ID searches are retried for 10 index 
pulses. DAM not found errors are not retried. 
There are no retries for GRG/EGG errors. If T =1, 
ID searches are retried for two index pulses. 

If L=O, then normal GRG or EGG read commands 
are performed. If L=1, then the GRG or EGG 
check bytes are not computed but instead the 
GRG or EGG check bytes are loaded into the buff
er immediately after the data field. The external 
sector buffer must be long enough to hold the 
additional 4 or 7 bytes. If EGG and retry modes 
have been selected and a data field error occurs 
there are no attempts to correct the data. 

A bad block mark in the ID field sets the error bit 
and the data field is not read. If the R option in the 
set parameter command is set then the controller 
searches immediately after the normallD field for 
a special ID field containing mapping information 
and a special "Relocation ID" flag bit. The RIDF 
bit in the error register sets if this special ID field 
is found. If a bad block mark is found in an ID 
field then the command terminates immediately 
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even if more sectors remain to be read. The task 
file contents when a bad block bit is detected and 
the R option is used is as follows: 

REGISTER MEANING 

22 Sector number of sector with 
bad block bit set 

23 Sector umber where sector 
has been relocated 

24 LSB of cylinder number 
where sector has been reloc
ated 

25 MS bits of Cylinder where 
sector has been relocated 

26 Head number of relocated 
sector 

If DSN = 1 (bit 0) in the drive interface control 
register (3B16) than the sector number is not com
pared when ID searches are performed. The 
WD42C22A reads the sector as long as the 
cylinder and head numbers match the desired 
values. This allows an interleaved track to be read 
into the buffer in one revolution. 

Command Flow: 
• MICRO: 1. Set DRWB = 0 (bit 2) in the 

buffer manager control reg
ister (3716). 

2. Load the starting address of 
the first sector into the disk 
buffer pointer registers (3416 
& 3516). 

3. Set ECCM = 0 (bit 7) and 
DDRO = 1 (bit 6) in the DIR 
write register (3F16) and 
MAC=1 (bit 3) in the drive 
interface control register 
(3B16) to disable DROI, if 
desired. 

4. Set ADBP = 1 (bit 0) in the 
buffer manager control reg
ister (3716). 

5. Set MAC = 0 in the drive 
interface control register. 

6. Issue read command to 
WD42C22C. 

• WD42C22C: 7. Write FF to alternate sector 
number register (3C16). 
Abort if drive not ready or 
write fault. 

8. (If DROI is enabled) 
Activate BDRO signal to 

• MICRO 
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buffer manager and DROI to 
microcontroller. Wait for 
BRDY signal indicating trans
fer of buffer pointer. 

Load starting address of next 
sector buffer into disk buffer 
pointer register. Set ADBP=1 
in buffer manager control reg
ister if more sectors remain
ing. Set RDOI (bit 1) in the 
interface control register 
(3816). 

• WD42C22C: 9. Search for head, cylinder, 
sector number, and sector 
size code. 

• MICRO: 

Error Flags: 

10. When the proper sector 10 is 
found, read sector data and 
place in buffer. 

11. Write sector number to alter
nate sector number register. 
If M = 0, then go to 10. 

12. Decrement sector count, in
crement sector number. If 
M = 1 , and sector count = 0 
then go to 13 else go to step 
8. 

13. Set DCI (bit 3) in the inter
face status register (3816). 
MCINT asserted. 

14. Read disk controller status 
register (2716) and error 
register (2116). 

• Drive not ready and aborted command set if 
drive not ready. 

• Write fault and aborted command set if WF pin 
activated. 

• 10 not found set if ID field not found or 
if ID field matches, but CRC check fails, and 
after retry procedure. 

• Bad block set if attempt was made to read a 
sector with bad block mark. 

• Relocation ID found if R option enabled and 
relocation ID detected. 

• Data CRC/ECC set if data field CRC or ECC 
check fails. No attempt is made to correct 
ECC errors. 

• Data AM not found in set if data address mark 
not found. 
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4.4.2 Read Next Data 

The read next data command finds the next data 
field and places it in a buffer. If the W042C22C 
detects that the drive number changed since the 
last read command, then an auto-scan 10 is per
formed and step pulses are issued to update the 
present cylinder position. 

All searches for a data field are retried for two 
index pulses, but if a data ECC error is detected 
there are no retries. If after reading the correct 10 
field, the data address mark is not found a DAM 
error is set. 

The L flag controls the ECC check bytes. If L=O, 
then the data field is read and ECC is checked. If 
L=1, then the ECC check bytes are not computed. 
Instead, the ECC check bytes are loaded into the 
buffer immediately after the data field. The exter
nal sector buffer must be long enough to hold the 
additional 7 bytes. 

NOTE 
This command supports only soft sector MFM and 
RLL mode and is implemented for backward com
patibility with the W05011 and W05011A. 

Command Flow: 
• MICRO: 1. Set ORWB = 0 (bit 2) in the 

buffer manager control reg
ister (3716). 

2. Load the starting address of 
the first sector into the disk 
buffer pointer registers 
(3416 & 3516). 

3. Set AOBP = 1 (bit 0) in the 
buffer manager control reg
ister (3716). 

4. Set ECCM = 0 (bit 7) and 
OORO = 1 (bit 6) in the OIR 
write register (3F16) and 
MAC=1 (bit 3) in the drive 
interface control register 
(3B16) to disable OROI, if 
desired. 

5. Set MAC=O in the drive inter
face control register. 

6. Issue read next data com
mand to W042C22C. 

• W042C22C: 7. Write FF to alternate sec
tor number register (3C16). 
Abort if drive not ready or 
write fault. 

8. (If OROI is enabled) 
Set ORO status bit, activate 

• MICRO: 
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BORO signal to buffer man
ager. Wait for BROY Signal 
indicating transfer of buffer 
pointer. 

Set ROOI (bit 1) in the inter
face control register (3816). 

• W042C22C: 9. Find next data field, read sec
tor data and place in buffer. 

• MICRO: 

Error Flags: 

If data mark error, try data 
field search again until 2 in
dex pulses occur. 

10. Copy sector number register 
to alternate sector number 
register (3C16). Set OCI 
(bit 3) in the interface status 
register (3816). MCINT is 
asserted. 

11. Read disk controller status 
register (2716) and error 
register (2116). 

• Drive not ready and aborted command set if 
drive not ready. 

• Write fault and aborted command set if WF pin 
activated . 

• Data CRC/ECC set if data field CRC or ECC 
check fails. No correction is attempted. 

• Data AM not found is set if data address mark 
not found after 2 index pulses of looking for 
any data field. 

4.4.3 Write Sector 

Write from buffer to disk when BROY signal is 
activated by the buffer manager. Write total num
ber of sectors specified by sector count register if 
M = 1. Sectors are written in numerical order. If M 
= 0, then sector count is ignored and only one 
sector is written. The data field PLO sync field is 
nominally 12 bytes long but is extended by the 
PLO register. 

If T = 0, then 10 searches are retried for 10 index 
pulses. If T = 1, then 10 searches are retried for 2 
index pulses only. 

If L = 0, then normal CRC or ECC write sector 
commands are performed. If L = 1, then the CRC 
or ECC check bytes are not computed and written 
to the disk but instead, 4 or 7 additional bytes are 
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read from the buffer and written to the disk imme
diately after the data field. 

If X = 0, then the controller searches for the sector 
number in the sector number register and incre
ments the sector number register and the end of 
each sector if M = 1. If X = 1, then the controller 
searches for the sector specified in the first byte 
of the sector buffer. The controller reloads the 
sector number register from the first byte of each 
subsequent sector buffer if M = 1. This allows a 
track formatted with interleave to be written in one 
revolution. 

A bad block mark in the 10 field sets the error bit 
and the data field is not be written. If the R option 
in the set parameter command is set, Uien the 
controller searches immediately after the normal 
10 field for a special 10 field containing mapping 
information and a special "Relocation 10" flag bit. 
The RIDF bit in the error register sets if this spe
cial 10 field is found. If a bad block mark is found 
in an 10 field then the command terminates imme
diately even if more sectors remain to be read. 
The task file contents when a bad block bit is 
detected and the R option is used is as follows: 

REGISTER MEANING 

22 Sector number of sector with 
bad block bit set 

23 Sector number where sector 
has been relocated 

24 LSB of cylinder number where 
sector has been relocated 

25 MS bits of cylinder where sec
tor has been relocated 

26 Head number where sector 
has been relocated 

If DSN = 1 (bit 0) in the drive interface control 
register (3B16) then the sector number is not com
pared when 10 searches are performed. The 
W042C22C writes the sector as long as the 
cylinder and head numbers match the desired 
values. This allows an interleaved track to be writ
ten into the buffer in one revolution. This option is 
only useful when doing the initial write-after-for
mat to place 00 in the data fields. 

Command Flow: 
• MICRO: 1. Set DRWB = 1 (bit 2) in the 

buffer manager control reg
ister (3716). 

WD42C22C 

2. Load the starting address of 
the first sector into the disk 
buffer pointer registers 
(3416 & 3516). 

3. Set ECCM = 0 (bit 7) and 
DDRO = 1 (bit 6) in the OIR 
write register (3F16) and 
MAC = 1 (bit 3) in the drive 
register (3B16) to disable 
DROI, if desired. 

4. Set ADBP=1 (bit 0) in the 
buffer manager control reg
ister (3716). 

5. Set MAC = 0 in the drive 
interface control register. 

6. Issue write command to 
WD42C22C. 

• WD42C22C: 7. Write FF to alternate sector 
number register (3C16). 
Abort if drive not ready or 
write fault. 

• MICRO: 

8. (If ORO is enabled.) 
Activate BDRO signal to 
buffer manager and OROI to 
microcontroller. Wait for 
BRDY signal indicating 
transfer of buffer pointer. 

Load starting address of next 
sector buffer into disk buffer 
pointer register. Set AOBP=1 
in buffer manager control 
register if more sectors re
maining. Set RDOI (bit 1) in 
the interface control register 
(3816). 

• WD42C22C: 9. Search for head, cylinder, 
sector number and sector 
size code. 

10. When the proper sector 10 
is found, write buffer data to 
sector. 

11. Write sector number to alter
nate sector number register 
(3C16). If M = 0 then go to 
13. 

12. Decrement sector count, in
crement sector number. If 
M = 1 and sector count = 0 
then go to 13 else go to step 
8. 

13. Set DCI (bit 3) in the inter
face status register (3816). 
MCINT asserted. 
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• MICRO: 

Error Flags: 

14. Read disk controller status 
register (2716) and error 
register (2116). 

• Drive not ready and aborted command set if 
drive not ready. 

• Write fault and aborted command set if WF pin 
activated. 

• 10 not found set if exact 10 field not found or if 
10 field matches but CRC check fails, after 
retry procedure. 

• Bad Block set if write sector attempted on any 
sector with bad block mark. 

• Relocation 10 found if R option enabled and 
relocation 10 detected. 

4.4.4 Write 10 

Write from buffer to disk when BROY signal is 
activated by the buffer manager. Write 4 bytes to 
create an 10 field. The PLO sync field prior to this 
new 10 field is nominally 12 bytes long but is ex
tended by the PLO register. A value of 0 results in 
a 2048 byte PLO field and should not be used. 

If T = 0 then 10 searches are retried for 10 index 
pulses. If T = 1, then 10 searches are retried for 2 
index pulses only. 

If F = 0, then the new 10 is written immediately 
after the 10 field of the desired sector. If F = 1, 
then the new 10 field is written offset from the 
desired sector 10 with the offset determined by 
the internal sector size register. A load parameter 
block command will have to be issued to set the 
offset value and another load parameter block will 
be needed to set the sector size back to the cor
rect value if the programmable sector size option 
is being used. An offset of up to 2048 is allowed. 
This option can be used to reformat a single sec
tor in soft sector mode. 

If A = 0, then the AME output is held low during 
the write 10 command. If A = 1, then the AME 
output is pulsed at the start of the PLO field 
before the new 10 being written. This option, 
together with the F option, can be used to refor
mat a single sector in soft sector NRZ mode. 
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The four bytes in the buffer (F = 0) should be as 
follows: 

BYTE 0: 

BYTE 1: 

BYTE 2: 

1 1 1 1 cyl 10 1 cyl 9 cyl 8 

Low byte of cylinder number 

BBORFOHS3HS2HS1HSO 

BYTE 3: Sector Number 

BB = bad block flag 

RF = Relocation 10 flag 

cyl 10 thru cyl 8 = upper three cylinder num
ber bits 

HS3 thru HSO = head select bits 
The five bytes in the buffer (F = 1) should be as 
follows: 

BYTE 0: 

BYTE 1: 

BYTE 2: 

BYTE 3: 

BYTE 4: 

Sector Number 

1 1 1 1 cyl 10 1 cyl 9 cyl 8 

Low byte of cylinder number 

BBORFOHS3HS2HS1HSO 

Sector Number 

BB = bad block flag 

RF = Relocation 10 flag 

cyl 10 thru cyl 8 = upper three cylinder num
ber bits 

HS3 thru HSO = head select bits 

RF should be set to 1 if the new 10 being written 
is to be a special relocation 10 for mapping a 
defective sector to a new position. 

Command Flow: 
• MICRO: 1. Set ORWB = 1 (bit 2) in the 

buffer manager control regis
ter (3716). 

2. Load the starting address of 
the 10 buffer data into the 
disk buffer pointer registers 
(3416 & 3516). 

3. Set ECCM = 0 (bit 7) and 
OORQ = 1 (bit 6) in the OIR 
write register (3F16) and 
MAC = 1 (bit 3) in the drive 
interface control register 
(3B16) to disable ORal, if 
desired. 
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4. Set AoBP = 1 (bit 0) in the 
buffer manager control regis
ter (3716). 

5. Set MAC = 0 in the drive 
interface control register. 

6. Issue Write 10 command to 
W042C22C. 

• W042C22C: 7. Write FF to alternate sector 
number register (3C16). 
Abort if drive not ready or 
write fault. 

8. (If oROI is enabled) 
Activate BoRO signal to buff
er manager and oROI to 
microcontroller. Wait for 
BRoy signal indicating trans
fer of buffer pointer. 

• MICRO: Set RoOI (bit 1) in the inter
face control register (3816). 

• W042C22C: 9. Search for head, cylinder, 
sector number and sector 
size code. 

10. When the proper sector 10 is 
found, write buffer data to 
sector. 

• W042C22C:11. Write sector number to alter
nate sector number register. 
Set oCI (bit 3) in the interface 
status register (3816). 

• MICRO: 

Error Flags: 

MCINT asserted. 

12. Read disk controller status 
register (2716) and error 
register (2116). 

• Drive not ready and aborted command set if 
drive not ready. 

• Write Fault and aborted command set if WF 
pin activated. 

• 10 not Found set if exact 10 field not found or if 
10 field matches but CRC check fails, after 
retry procedure. 

• Bad Block set if bad block bit detected in 10 of 
desired sector. 

4.4.5 Scan 10 

When the next 10 field of the present track is en
countered, cylinder number, sector size, head 
number and se.ctor number are loaded into the 
respective registers. 

WD42C22C 

Command Flow: 
• MICRO: 1. Issue Scan 10 command to 

W042C22C. 

• W042C22C 2. Write FF to alternate sec
tor number register (3C16). 
Abort if drive not ready or 
write fault. 

• MICRO: 

Error Flags: 

3. Search for next 10 field and 
read 4 10 bytes into respec
tive registers. Search for 10 
field for up to 10 index pulses 
if T =0, up to 2 index pulses if 
T =1. 

4. Set oCI (bit 3) in the interface 
status register (3816). 
MCINT asserted. 

5. Read disk controller status 
register (2716) and error 
register (2116). 

• Drive not ready and aborted command set if 
drive not ready. 

• Write fault and aborted command set if WF pin 
active. 

• Bad Block set if bad block mark detected. 

• 10 not found if no 10 fields are found. 

• Relocation 10 found if R option enabled and 
relocation 10 detected. 

4.4.6 Format Track 

This command formats one track using 
parameters loaded in the task registers file and in 
buffer memory. 

Cylinder, head, and sector size numbers are 
taken from the task register file. Good blocklbad 
block marks and sector numbers are taken from 
buffer memory. The total number of sectors for
matted is specified by the sector count register. 
The lengths of GAP 1 and GAP 3 are loaded into 
the sector number register. The length of the 10 
PLO sync field is loaded into the PLO length 
register if B = 1. The data PLO field length is 12 
bytes during format. 

The data placed in the gaps comes from an inter
nal register loaded during the load parameter 
block command. The data placed into the pads 
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comes from another internal register loaded 
during the load parameter block command. 

After the task register file has been loaded with 
the desired format parameters and the block 
marks and sector addresses have been loaded 
into the buffer then the command register is 
loaded with the format command. When the 
BROY signal is activated by the buffer manager, 
the specified number of sectors are written. The 
block marks and sector numbers are read from 
the buffer as needed. The data field is written with 
FF. CRC is automatically computed and written if 
in CRC mode. If in ECC mode, ECC check bytes 
are automatically computed and written after the 
data field. The number of ECC check bytes is 
determined by the E bit in the set parameter com
mand. 

Write Gate is turned on and off within 4 bit times 
after index if NRZ or hard sector mode is selected 
or within 6 bit times otherwise. In RLL mode, 
Gap1/Gap3 data should be programmed to be 
3316 with the load parameter command. The W 
option controls the state of WRITE GATE over the 
gaps. If W=1, WRITE GATE turns off over the 
gaps. 

The sum of the number of bytes in both the 
Gap1/Gap3 and 10 PLO field must be greater 
than or equal to 25 bytes to achieve 1:1 inter
leave. 

The interleave table contains the bad block marks 
and sector numbers for the track. If there is a bad 
sector and it is desired for the controller to just 
skip over it, then the bad block mark for that sec
tor position should be set to 8016 and the sector 
number for that sector should be set to FF16. If it 
is desired to map the bad sector then the bad 
block mark for that sector should be set to 8016 
and the sector number for that sector should be 
set to the correct value for that position in the 
interleave table. The Rand U options should be 
set in the set parameter and load parameter block 
commands. A write 10 command then places the 
relocation information for that sector onto the 
drive. 

The interleave table format is: 
• BYTE 0: 1 st sector's block mark 

(0016 or 8016) 
• BYTE 1: 1 st sector's sector number 

• BYTE 2: 
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2nd sector's block mark 
(0016 or 8016) 

• BYTE 3: 2nd sector's sector number 

• BYTE 2n: nth sector's block mark 
(0016 or 8016) 

• BYTE 2n+ 1 : nth sector's sector number 

Command Flow: 

• MICRO: 1. Set ORWB = 1 (bit 2) in the 
buffer manager control regis
ter (3716) 

2. Load the starting address of 
the interleave table into the 
disk buffer pointer registers 
(3416 & 3516). 

3. Set ECCM = 0 (bit 7) and 
OORO = 1 (bit 6) in the OIR 
write register (3F16) and 
MAC = 1 (bit 3) in the drive 
interface control register 
(3B16) to disable ORal, if 
desired. 

4. Set AOBP = 1 (bit 0) in the 
buffer manager control reg
ister (3716). 

5. Set MAC = 0 in the buffer 
control register. 

6. Issue format command to 
W042C22C. 

W042C22C: 7. Write FF to the alternate 
sector number register 
(3C16). Abort if drive not 
ready or write fault. 

8. (If ORal is enabled) 
Activate BORa signal to buff
er manager and ORal to 
microcontroller. Wait for 
BROY signal indicating trans
fer of buffer pointer. Wait for 
leading edge of index. 

• MICRO: Set ROOI (bit 1) in the inter
face control register (3816). 

• W042C22C: 9. Write gap. 
10. Write sector 10 using para

meters in task register file 
and buffer memory. Oata 
bytes are FF. 
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• MICRO: 

Error Flags: 

11. Decrement sector count reg
ister. If sector count = 0, then 
go to step 12, else go to 

step 9. 
12. Write Gap until leading edge 

of index pulse. 
13. De-assert Write Gate. 
14. Set DCI (bit 3) in the inter

face status register (3816). 
MCINT asserted. 

15. Read disk controller status 
register (2716) and error 
register (2116). 

• Drive not ready and aborted command set if 
drive not ready . 

• Write fault and aborted command set if WF pin 
activated. 

Note 
Gap length written on disk is 3 bytes longer than 
gap value specified in sector number register. 

4.4.7 Format Single Sector 

This command formats one sector using 
parameters loaded in the task register file and in 
buffer memory. This command only applicable to 
hard sector mode. 

WRITE GATE is turned on and off within 4 bit 
times after index or sector if NRZ mode is 
selected or within 6 bit times otherwise. The W 
option controls the state of WRITE GATE over the 
gaps. Setting W to 1 turns off WRITE GATE over 
the gaps. 

Cylinder, head, and sector size numbers are 
taken from the task register file. Good block/bad 
block marks and sector number are taken from 
buffer memory. The physical sector position to be 
formatted is specified by the sector count register. 
If sector count = 1, then the first sector after index 
is formatted. For sector count = 2, the second 
sector after index is formatted, and so on. The 
lengths of GAP 1 and GAP 3 are loaded into the 
sector number register. The length of the ID PLO 
sync field is loaded into the PLO length register. 

The data placed in the gaps comes from an inter
nal register loaded during the load parameter 
block command. The data placed into the pads 
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comes from another internal register loaded 
during the load parameter block command. 

After the task register file has been loaded with 
the desired format parameters and the block 
marks and sector number loaded into the buffer, 
then the command register is loaded with the for
mat single sector command. When the BRDY pin 
is activated by the buffer manager, the controller 
then looks for the start of the desired sector. The 
bad block mark and sector number are read from 
the buffer. The data field is written with FF. CRC is 
automatically computed and written if in CRC 
mode. If in ECC mode, ECC check bytes are 
automatically computed and written after the data 
field. The number of ECC check bytes is deter
mined by the E bit in the set parameter command. 

The data for the buffer is: 
• BYTE 0: bad block mark (0016 or 8016) 

• BYTE 1: sector number of formatted sector. 

Command Flow: 
• MICRO: 1. Set DRWB = 1 (bit 2) in the 

buffer manager control regis
ter (3716). 

2. Load the starting address of 
the interleave table into the 
disk buffer pointer registers 
(3416 & 3516). 

3. Set ECCM=O (bit 7) and DDRO 
=1 (bit 6) in the DIR write reg- II 
ister (3F16) and MAC=1 (bit 
3) in the drive interface con- I 

trol register (3B16) to dis-
able DROI, if desired. 

4. Set ADBP = 1 (bit 0) in the 
buffer manager control regis
ter (3716). 

5. Set MAC=O in the drive inter
face control register. 

6. Issue format single sector 
command to WD42C22C. 

• WD42C22C: 7. Write FF to the alternate sec
tor number register (3C16). 
Abort if drive not ready or 
write fault. 

8. (If DROI is enabled) 
Activate BDRO signal to buff
er manager and DROI to 
microcontrolier. Wait for BRDY 
signal indicating transfer of 
buffer pointer. Wait for leading 
edge of index. 
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• MICRO: Set RDOI (bit 1) in the inter
face control register (3816). 

• WD42C22C: 9. Decrement sector count. If 
sector count = 0 go to 11 , 
else go to 10. 

10. Wait for SECTOR pulse, then 
go to 9. 

11. Assert WRITE GATE. Write 
gap. 

• WD42C22C:12. Write sector 10 using para
meters in task register file and 
buffer memory. Data bytes 
are FF. 

• MICRO: 

Error Flags: 

13. Write gap until leading edge 
of SECTOR pulse. 

14. De-assert Write Gate. 
15. Set DCI (bit 3) in the inter

face status register (3816). 
MCINT asserted. 

16. Read .disk controller status 
register (2716) and error 
register (2116). 

• Drive not ready and aborted command set if 
drive not ready. 

• Write fault and aborted command set if WF pin 
activated. 

4.4.8 Compute Correction 

This command is used to compute the pattern and 
location of a single burst error. It is used after a 
read sector command has detected a data field 
ECC error. The compute correction command 
first writes the four or seven syndrome bytes into 
the buffer. It then processes the syndrome bytes 
to compute the error pattern and error location. 
The error location and error pattern bytes are writ
ten into the buffer. Either four or seven error pat
tern bytes are written to the buffer depending on 
the ECC length selected. The error pattern bytes 
are automatically byte aligned. 

The P option is used to control whether or not the 
error pattern bytes are calculated. If P = 0, then 
the error pattern bytes are calculated and sent to 
the buffer. If P = 1, then the error pattern bytes are 
not calculated. Only the syndrome byte is trans
ferred to the buffer. This option facilitates firmware 
algorithms that require a matching syndrome 
before a correction is made. In this case, the 
firmware calculates the error pattern, corrects the 
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error, and saves the syndrome after initially 
detecting the error. Then, the firmware dumps and 
compares the syndrome on the second read of 
the same sector. An EGG error can now be cor
rected in one revolution of the disk compared to 
three revolutions required by earlier WD1 01 0 and 
WD2010 based controllers. 

The error pattern and error location bytes are not 
valid if the error is found to be uncorrectable. An 
uncorrectable error is indicated by the appropriate 
bits in the status and error register. 

The buffer contents contains the following infor
mation: 

• SYNDROME BYTE (MSB) 

• SYNDROME BYTE 

• SYNDROME BYTE 

• SYNDROME BYTE (LSB if 4 byte ECC) 

• SYNDROME BYTE (if 7 byte EGG) 

• SYNDROME BYTE (if 7 byte ECC) 

• SYNDROME BYTE (LSB if 7 byte ECC) 

• BYTE OFFSET (MSB) 

• BYTE OFFSET (LSB) 

• ERROR PATTERN (MSB) 

• ERROR PATTERN 

• ERROR PATTERN 

• ERROR PATTERN (LSB if 4 byte ECC) 

• ERROR PATTERN 

• ERROR PATTERN 

• ERROR PATTERN (LSB if 7 byte EGC) 

If the byte offset is 0, then the first data byte of the 
sector should be exclusive OR'ed with the first 
error pattern byte (MSB). Each succeeding data 
byte exclusive OR'ed with the succeeding error 
pattern byte until the fourth data byte is exclusive 
OR'ed with the fourth error pattern byte (LSB). 
Exclusive OR the first two error pattern bytes for 5 
bit spans. Exclusive OR the first three error pat
tern bytes for 11 bit spans. Exclusive OR the first 
four error pattern bytes for the 22 bit span. 

Command Flow: 
• MICRO: 1. Set DRWB=O (bit 2) in the 

buffer manager control regis
ter (3716). 

2. Load the starting address of 
the error correction data buff
er into the disk buffer pointer 
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registers (3416 & 3516). 
3. Set ECCM=O (bit 7) and OORO 

=1 (bit 6) in the OIR write reg
ister (3F16) and MAC=1 
(bit 3) in the drive interface 
control register (3B16) to 
disable OROI, if desired. 

4. Set AOBP=1 (bit 0) in the 
buffer manager control regis
ter (3716). 

5. Set MAC=O in the drive inter
face control register. 

6. Issue compute correction 
command to W042C22C. 

• W042C22C: 7. Write FF to the alternate sec
tor number register (3C16). 
Abort if drive not ready or 
write fault. 

8. (If OROI is enabled) 
Activate BORO signal to buff
er manager and OROI to 
microcontroller. Wait for BROY 
signal indicating transfer of 
buffer pointer. 

• MICRO: Set ROOI (bit 1) in the inter
face control register (3816). 

• W042G22C: 9. Transfer contents of the four 
(or seven) byte ECC register 
to buffer, most significant byte 
first. 

• MICRO: 

Error Flags: 

10. Clock the ECC register. Stop 
if correctable pattern found or 
if number of clocks exceeds 
sector size. If number of 
clocks exceeds sector size, 
set error bit of status register 
and ECC error of error regis
ter. 

11. Transfer byte count to buffer 
(2 bytes). Transfer 4 bytes of 
error pattern to buffer if 4 
byte ECC. Transfer 7 bytes 
of error pattern 7 byte ECC. 

12. Set OGI (bit 3) in the interface 
status register (3816). 
MCINT asserted. 

13. Read disk controller status 
register (2716) and error 
register (2116). 

• CRG/ECC flag set if data field error length ex
ceeds correction span. 
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NOTE 
Default 11 bit correction span after master reset if 
7-byte ECC or 5 bit correction span if 4-byte ECC. 

4.4.9 Set Parameter 

The E bit is used to select either 4 byte or 7 byte 
sector extension for read long and write long com
mands. It also selects either a 4 or 7 byte internal
ly generated ECC. A 7 byte sector extension and 
7 byte EGG are the default after a master reset 
(due to RLL default). If E is 0, then a 4 byte sector 
extension and 4 byte ECC are selected if MFM or 
NRZ mode. If E is 1, then a 7 byte sector exten
sion and 7 byte ECC are selected. 

The H bit selects either 3 or 4 head select bits in 
the SOH register. If H=O, then 3 head select bits 
are written or compared in the 10 fields on the 
drive. If H=1, then 4 head select bits are written or 
compared in the 10 fields on the drive. The 
default after master reset is 3 head select bits. 

The S bit is used to select either a 5 bit or 11 bit 
correction span if 4 byte ECC and an 11 bit or 22 
bit correction span if 7 byte EGC. An 11 bit correc
tion span for 7 byte ECC is the default parameter 
following master reset. If S is 0, then a 5 bit cor
rection span is selected if 4 byte EGC, 11 bit 
correction span if 7 byte ECC. If S is 1, then an 
11 bit correction span is selected if 4 byte ECC, 
22 bit correction span if 7 byte ECC. 

The Z bit is used to select MFM, RLL, or NRZ 
mode. If K=O in the load parameter block com
mand, then RLL coding is selected regardless of 
the state of Z. If Z is 0 and K is 1, then MFM 
coding is selected. If Z is 1 and K = 1, then NRZ 
coding is selected. 

The R option is used to enable relocation 10 
searches. If R=1 for read and write sector com
mands and a bad block mark is detected in the 
desired sector's 10, then the W042G22C sear
ches for a special 10 field containing relocation 
information immediately after the desired sector's 
10. This special 10 field is placed using the write 
10 command. When the R option is used, then the 
U option must be set to 1 in the load parameter 
block command. 

1214/90 26-51 



WD42C22C 

Command Flow: 

• MICRO: 1. Issue set parameter com-
mand to WD42C22C. 

• WD42C22A: 2. Write FF to the alternate sec
tor number register (3C16). 
Abort if drive not ready or 
write fault. 

3. Set or reset internal para
meter flip-flop. 

4. Set DCI (bit 3) in the interface 
status register (3816). 
MCINT asserted. 

• MICRO: 5. Read disk controller status 

Error Flags: 
• None. 

register (2716) and error 
register (2116). 

4.4.10 Load Parameter Block 

The 0 bit is used to indicate the sectoring mode. 
If 0 = 0, the default after a master reset, then soft 
sector mode is selected. If 0 = 1, then hard sector 
mode is selected. In hard sector mode, the PLO 
length register is transferred to the internal GAP 
length register during the load parameter block 
command. This GAP register is used to control 
the delay from INDEX/SECTOR to READ GATE 
on. 

The K bit selects the data interface mode. If K=O, 
the default after a reset, then RLL mode is 
selected. If K=1, then the interface is either MFM 
or NRZ as selected by the set parameter com
mand. 

The U bit selects the sector size options. If U=O, 
then the sector sizes are 128, 256, 512, and 1024 
depending on the contents of the SOH register. If 
U=1, then the sector size is defined by the user. 
The cylinder registers are loaded with the desired 
sector size prior to issuing the load parameter 
block command. 

In addition,the load parameter block command is 
used to load several internal parameters for for
mat, read, and write commands. The task file is 
loaded with these parameters prior to the start of 
the command. The registers loaded and the cor
responding parameters are: 
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REGISTER PARAMETER 

21 Delay from INDEX/SECTOR to 
RG 

22 Data written in GAPS 

23 Data written in PADS 

24 LS byte of sector size, LS byte 
of offset for write 10 command 

25 3 MS bits of sector size, 3 MS 
bits of offset for write ID com
mand 

Command Flow: 
• MICRO: 1. Load parameters into task file. 

2. Issue load parameter block 
command to WD42C22C. 

• WD42C22C: 3. Write FF to the alternate sec
tor number register (3C16). 
Abort if drive not ready or 
write fault. 

• MICRO: 

Error Flags: 
• None. 

4. Set or reset internal parameter 
flip-flop. 

5. Copy cylinder registers to in
ternal sector size register. 
Copy PLO register to internal 
GAP register. Copy sector 
count register to internal GAP 
data register. Copy sector 
number register to internal 
PAD data register. 

6. Set DCI (bit 3) in the interface 
status register (3816). 
MCINT asserted. 

7. Read disk controller status 
register (2716) and error 
register (2116). 
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4.4.11 Sleep 

The sleep command places the WD42C22C in a 
low power standby mode. When the sleep com
mand is issued, the disk controller section clocks 
are disabled and only the buffer manager and 
host interface logic is enabled. The disk controller 
can be brought out of the sleep mode by setting 
RDC = 1 (bit 7) in the disk controller control 
register (3B16) or by resetting the entire 
WD42C22C. The microcontroller should NEVER 
attempt to read or write the drive controller task 
file (registers 2116 through 2716) while the drive 
controller is in the sleep mode. 

Command Flow: 
• MICRO: 1. Issue sleep command to 

WD42C22C. 

• WD42C22C: 2. Write FF to the alternate sec
tor number register (3C16). 

3. Disable drive controller clocks. 

• MICRO: 4. Wake up disk controller by 

Error Flags: 
• None. 

4.4.12 Dump 

setting RDC=1 or by resetting 
the WD42C22C. 

The dump command sends data off the media 
regardless of matching ID fields and regardless of 
the format. The command can dump an ID field, a 
data field, or both. Dump retrieves all the ID fields 
from index to index to determine the interleave. 
Dump can also read the ESDI standard defect list. 
The command dumps data starting at the first 
byte after the A 1 sync byte for WD format or the 
first byte after the FE sync byte for ESDI format. 
This command can only do multisector dumps in 
hard sector mode. 

The command is assumed to be a multi sector 
command. To read just one sector as in an ESDI 
defect list read, then the sector count must be set 
to one. There are three options. 

The I option controls the number of fields that are 
dumped for each sector. If I = 0, then two fields 
(ID and data) are dumped for each sector. If I = 1, 
then only one field is dumped for each sector. The 
type of field is determined by the read gate delay 
and the sector size. The sector size should be 

WD42C22C 

programmed to 1 less than the number of bytes to 
be dumped for the sector. 

The B option controls the sync byte and CRC 
preset. If B = 0, then the sync byte is assumed to 
FE and the CRC is preset to all zeroes. If B = 1, 
then the sync byte is assumed to be A 1 and the 
CRC is preset to all ones. 

The L option selects either CRC or no CRC 
checking. If L = 0, then CRC is checked. If L = 1, 
then either four or seven check bytes are trans
ferred to the buffer depending on the extension 
selected by the set parameter command. If L = 1, 
then I should also be set to 1. B does not affect 
the L option. 

The PLO register controls the read gate delay for 
the first sector. READ GATE turns on x + 5 + CL 
bytes after the index pulse. Read gate for sub
sequent sectors is controlled as in normal read 
and write commands. 

Use the dump command to read an ESDI defect 
list as follows: 
1. Set PLO register = read gate delay - 5 . 

2. Set sector size = 255 for 256 byte sector. 

3. Issue A 1 command. 
Use the dump command to dump the track inter
leave for WD format as follows: 
1. Set PLO register = read gate delay - 5. 

2. Set sector size = 4. 

3. Set sector count = number of sectors per 
track. 

4. Issue AD command. 
Use the dump command to dump all the data 
fields on a track for WD format as follows: 
1. Set PLO register = read gate delay to start of 

data PLO - 5. 

2. Set sector size = actual number of bytes per 
sector. 

3. Set sector count = number of sectors per 
track. 

4. Issue AF command or AB command. 
In this case, the F8 second data sync byte is 
transferred to the buffer. The buffer requires one 
extra byte per sector. 
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One BRDO interrupt occurs at the very beginning 
of the command. Therefore, the buffer must be 
contiguous and large enough to handle all the 
dumped sectors. 

Command Flow: 
• MICRO: 1. Set DRWB = 0 (bit 2) in the 

buffer manager control regis
ter (3716). 

2. Load the starting address of 
the buffer into the disk buffer 
pointer register (3416 & 3516). 

3. Set ECCM = 0 (bit 7) and 
DDRO = 1 (bit 6) in the DIR 
write register (3F16) and 
MAC = 1 (bit 3) in the drive 
interface control register 
(3B16) to disable DROI, 
if desired. 

4. Set ADBP = 1 (bit 0) in the 
buffer manager control regis
ter (3716). 

5. Set MAC = 0 in the drive inter
face control register. 

6. Issue dump command to 
WD42C22C. 

• WD42C22C 7. Write FF to alternate sector 
number register (3C16). 
Abort if drive not ready or 
write fault. 

8. (If DROI is enabled) 
Activate BDRO signal to buff
er manager and DROI to 
microcontroller. Wait for BRDY 
indicating transfer of buffer 
pointer. 

• MICRO: Set RDOI (bit 1) in the inter
face control register (3816). 

• WD42C22C: 9. Wait for index. 
10. If 1=1, then go to 12 else go 

to 11. 
11. Search for sync byte. When 

found, dump 5 data bytes 
into buffer. 

12. Search for sync byte. When 

• MICRO: 

Error Flags: 

BUFFER MANAGER ORGANIZA TlON 

found, dump programmed 
number of bytes into the buff
er. 

13. Decrement sector count. If 
sector count = 0, then go to 
14 else go to step 10. 

14. Set DCI (bit 3) in the interface 
status register (3816). 
MCINT asserted. 

15. Read disk controller status 
register (2716) and errror 
register (2116). 

• Drive not ready and aborted command set if 
drive not ready. 

• Write fault and aborted command set if WF pin 
activated. 

• 10 not found set if I = 0 and index detected 
while searching for an 10 field or if CRC of 10 
field doesn't zero. 

• Data AM not found is set and index is 
detected while searching for a data field. If 1=0 
or when searching for either an 10 or data field 
when 1=1. 

• Data CRC if the data field CRC doesn't zero 
when 1= 0 or if either an 10 or data field CRC 
doesn't zero when I = 1. 
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5.0 ELECTRICAL AND TIMING 
SPECIFICATIONS 

5.1 MAXIMUM RATINGS 

WD42C22C 

Vee with respect to Vss (ground) ................................................................................................. +5 V ± 5% 

Max voltage on any pin with respect to Vss ................................................................................ -0.5V to 5.5 

Operating temperature (T A) ................................................................................ OOC (32°F) to 70°C (158°F) 

Storage temperature .................................................................................... -55°C (-67°F) to 125°C (257°F) 

NOTE 
Maximum limits where permanent device damage 
occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions 
specified in the DC operating characteristics. 

5.2 DC OPERATING CHARACTERISTICS 

SYMBOL CHARACTERISTIC MIN MAX 

ilL Input Leakage ±10 

loz Tri-state and open drain ±10 
output leakage 

VIH Input High Voltage 2.0 

VIL Input Low Voltage 0.8 

VOH Output High Voltage 2.4 

VOL Output Low Voltage 0.4 

lee Supply Current 100 

lees Supply Current (Standby 25 
Mode) 

For pins 75 thru 82, 40 thru 42, 44 thru 48, 74, 8 

UNITS CONDITIONS 

/lA VIN = 0.4 to Vee 

/lA VOUT = 0.4 TO Vee 

V 

V 

V IOUT=-800/lA 

V IOuT=2.0mA 

rnA All outputs open. 

rnA All inputs at VDD or Vss, disk con-
troller sleep mode, 15 MHz crystal. 

TABLE 14. DC OPERATING CHARACTERISTICS 

(HOO thru H015, INTRQ, OREQ): 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

VOH Output High Voltage 2.4 V IOUT=-5mA 

VOL Output Low Voltage 0.4 V IOUT=12mA 

For pin 8 (IOCS16, AT PIO mode only): 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

VOL Output Low Voltage 0.4 V lo=20.0mA 
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For pins 10,11, and 12 (WO, EARLY, LATE): 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

VOH Output High Voltage 2.4 10=-800/lA 

VOL Output Low Voltage 0.4 V lo=6.0mA 

For pin 22 (RESET) 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

VOL Output Low Voltage 0.4 V 10=6.0 mA and VOO at spec. 
10=2.0 mA and VOO at VRST2 
max 
VRST3 max. 

--
For pins 36, 37 (OSO, OS 1): 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

VOL Output Low Voltage 0.4 V 10=48.0 mA 

For pins 59-73 (BAO-B14) 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

Ipo Pulldown Current in 40 160 /lA VouT=2.4V 
read config. mode 

----
For pins 5, 6, 9 (HRE, HWE, and OACK in slave 
host mode) and pins 40-42, 44-48 (H08 through 
H015 in 8-bit host mode): 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

Ipu Pullup Current 100 2000 /lA VOUT=O.4 V, Voo=S.25 V 

For pin 38 (XTALIN when driven by external osc.): 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

VIH Input High Voltage 3.5 V 

VIL Input Low Voltage 1.0 V 
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5.0 
VRST2 VRST3 

VRST1 

RESET 
1+---- t RSTL 

(Refer to MISC. timings.) 

0.0 

FIGURE 6. POWER QUALIFIED RESET VOLTAGE THRESHOLD 

For pins 1-7, 9,15,16,20,21,23, 25-35, 40-42, 44-48, 51-58,59-73,74,75-82 (HAO-HA2, HA9, HRE, 
HWE, HCS, DACK, INDEX, SCT, WF, DRDY, RESET, ALE, MRE, MWE, ADO-AD7, HD8-HD15, BDO-
BD7, BAO-BA15, INTRQ, HDO-HD7) 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS .. 
VIH /VIL Input Voltage 400 mV 

Hysteresis 

For pin 84 (VDD) 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

VRST1 Power Qualified Reset 0.0 2.0 V See Figure 7. 
VRST2 Voltage Threshold 2.5 4.6 V 
VRST3 2.5 4.6 V 
VRST4 0.0 2.0 V 
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5.3 AC TIMING CHARACTERISTICS 

NOTE 
Load capacitance=50 pF each for all other out
puts. Timings must be derated for larger load 
capacitances. 

For pins 14, 16, 17, 19 ( WC, DRUN, RD, RC ): 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

tRS Rise Time 10 nsec 10%to 90% 

HAg, HA2, > K > K HA1, HAD 
----> IASW ~ I AICSI -------> 

-tAHW-
---> 

-
HCS / 

-- -tcsw 
tCHW 

-
HWE 

~ / 
t WE --------> 

tWER 

t WCY 

HD7-HDO 

~ IDS ---0 

/ 

+-- t CICSV----t 
I--- IDH ---0 

IOCS16 ~ _/ (AT only) 
t AICSV -------> 

FIGURE 7. AT/XT HOST PROGRAMMED I/O WRITE TIMING 

NOTE 
A write occurs during the overlap of HCS and 
HWE. 
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5.3.1 AT/XT Host Programmed I/O Write 
Timing 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

tASW Address Setup to 30 ns 
HWE Low 

tcsw HCS Setup to HWE 10 ns 
Low 

tos Data Setup to HWE 30 ns Port 0 only. 
High 

tWE HWE Pulse Width 75 ns Port 0 only. 

tos Data Setup to HWE 50 ns All other ports. 
High 

twE HWE Pulse Width 100 ns All other ports 

tOH Data Hold from 15 ns 
HWE High 

tAHw ADDR Hold from HWE 20 ns 
High 

tCHw HCS Hold from HWE 10 ns 
High 

tWER HCS and HWE Inact- 20 ns 
ive 

tWCY Write Cycle Time 125 ns Port 0, XTAl>16 MHz 
2*X Port 0, XTAL<16MHz (X=tXTAL) 

tWCY Write Cycle Time 150 ns All other ports 

tCICSV IOCS16 valid from 30 ns 
HCS 

tAICSV IOCS16 valid from 40 ns 
address 

1ciCSI IOCS16 inactive from 35 ns Test circuit 1. .. 
HCS 

tAICSI IOCS 16 inactive from 45 ns Test circuit 1. 
address 

TABLE 15. AT/XT HOST PROGRAMMED I/O WRITE TIMING 

IOCS16 

300 OHMS 50 pF 

4.5 V 

FIGURE 8. TEST CIRCUIT 1 
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HA9, HA2, > V > K HA1, HAO "" ---- tASE t-- t AICSI ------t 

~tAHE ----0 

tCICSI -----0 

-

/ HCS 
(ACTIVE) 

-< t-- tCSE t HLO 

-
HCS / ~ : (INACTIVI=\ 

-< I------ tCSE 
t HLO 

-
HRE 

"" 
V 

/ t-:---
• t,,~ • t ROR 

t ROCY 

HD7-HDO 

-~ t OAC - t-< t OAC 

+-- t CICSV--t 
tHOTS --+ 

IOCS16 ~ / (AT only) 
• t AICSV ------t 

FIGURE 9. AT/XT HOST PROGRAMMED I/O READ TIMING 
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5.3.2 ATIXT Host Programmed 110 Read 
Timing 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

tASE Address Setup to HRE 30 ns 
Low 

tCSE HCS Setup to HRE 10 ns 
Low 

tOAc Data Valid from HRE 60 ns Port 0, 8-bit. 
Low 70 Port 0, 16-bit. 

100 All other ports. 

tRE HRE Pulse Width 75 ns Port 0 
100 All other ports 

tOOH Data Hold from HRE 5 ns 
High 

tHOTS Data Tri-state from 50 ns 
HRE 

tHLo Address, HCS Hold 10 ns 
from HRE High 

tROR HCS and HRE Inact- 20 ns 
ive 

tROCY Read Cycle lime 125 ns Port 0, XTAl>16 MHz 
2*X Port 0, XTAL<16 MHz (X=tXTAL) 

tROCY Read Cycle lime 150 ns All other ports. 

tCICSV 10@16 Valid from 30 ns 
HCS 

tAICSV IOCS16 Valid from 40 ns 
Address 

• tCICSI IOCS16 Inactive from 35 ns Test circuit 1 
HCS 

tAICSI IOCS16 Inactive from 45 ns Test circuit 1 
Address 

TABLE 16. AT/XT HOST PROGRAMMED 110 READ TIMING 
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5.3.3 AT/XT Host DMA Write Timing 

OREQ 

OACK 

HWE 

H07-
HOD 

26-62 

tCLWL 

t OLOL 

WHCH 

tWR --+ 

t WHOL 

tOVWH 
t WHOI 

~ _________ tOK __________ ~ 

FIGURE 10. AT/XT HOST DMA WRITE TIMING 
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SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

tOLQL DACK Low to ORO 100 ns BDEN=O 
Low 

twHQL HWE High to ORO 4*X ns BDEN=1. First transfer count throt-
Low +100 tie. (X=tXTAL) 

tOK DMACycle 100 ns XTAL=20MHz 
2*X Any XT AL (X=tXT AL) 

tOLWL DACK Low to HWE 0 ns 
Low 

tWR HWE Pulse Width 80 ns 

tOVWH Data Valid to HWE 30 ns 
High 

tWHoH HWE High to DACK 0 ns 
High 

tWHol HWE High to Data In- 15 ns 
valid 

towl DACK and HWE In 20 ns 
active 

TABLE 17. AT/XT DMA WRITE TIMING 

• 
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5.3.4 AT/XT Host DMA Read Timing 

DREQ 

DACK 

HRE 

HD7-
HDO 

26-64 

tOLRL 

t OLOL 

t OLRL 

t RHOL t RHOL 

1+------- tOK--------+\ 

FIGURE 11. AT/XT HOST DMA READ TIMING 
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SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

tOLQL DACK Low to ORO 100 ns BDEN=O 
Low 

tRHQL HRE High to ORO 4*X ns BDEN=1. First TC throttle. 
Low +100 (X=tXTAL) 

tOK DMACycie 100 ns XTAL=20MHz 
2*X Any XTAL (X=tXTAL) 

tOLRL DACK Low to HRE 0 ns 
Low 

tRO HRE Pulse Width 80 ns 

tRLOV HRE Low to Data 60 ns 8-bit mode 
Valid 70 16-bit mode 

tRHoH HRE High to DACK 0 ns 
High 

tOHRH Data Hold from HRE 5 ns 
High 

tRHOI HRE High to Data tri- 50 ns 
state 

tORI DACKand HRE 20 ns 
Inactive. 

TABLE 18. AT/XT DMA READ TIMING 

.. 
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5.3.5 Slave Host Write Timings 

LOCAL MICROCONTROLLER INTERFACE 

ALE / "" / "" ADO 
THRU ( 4A ~IC REGISTER # 49 WRITE DATA 
AD? 

- t ADVWH---iI t ADVDH---II 

MWE 

tWHWL 

-
MRE 

MDO 
THRU / SBIC REGISTER # WRITE DATA 

MD? 

HOST INTERFACE IMWHA~A~ r---tMWHAL 

tMWHAL ------II !==tMWHAL 
HALE 

lAVAL ----J 

~ I ALAI I MWHWH -----t r-- I MWHWH HDO 
I ALAI ----J 

THRU SBIC REGISTER # ,"m"ffi"~OM" t::-~~" E HD? 

MWHWL ---I t DVW~~ 
t AlWL t WHOI tWHDI 

HWE I 

-
HRE 

- / "-HCS 

FIGURE 12. SLAVE HOST WRITE TIMING 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

tWHWl Address Port Write to 120 10000 ns 
Data Write Recovery 
Time 

tMWHAl MWE to HALE Delay 150 ns 

tAVAl HD Address Setup to 40 ns AD setup to MWE (tADVWH)=130 ns 
HALE Low 

tALAI HD Address Hold From 0 ns 
HALE low 

tAlWl HALE Low To HWE 90 ns 
Low 

tDVWH HD Valid to HWE High 70 ns AD setup to MWE (tADVWH)= 130 ns 

tWHDI HD Inactive from HWE 0 ns 

tMWHWl MWE Low to HWE Low 150 ns 

tMHWH MWE High to HWE 150 ns 
High 

TABLE 19. SLAVE HOST WRITE TIMING 
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5.3.6 Slave Host Read Timings 

LOCAL MICROCONTROLLER INTERFACE 

ALE 

ADO 
THRU ( 48 ~IC REGISTER # 

/ 49 READ DATA > AD? 
tAovwH ~ 

MWE 
f.- tWHAlH-t 

- ~ MRE 

A 

HOST INTERFACE 
bMWHAL-l 

!+-tMWHAl 

t MWHAl - t MWHAl 

HALE 

tAVAL ----II tHDSA---Jio I+-t HOSA <t- tMRHA"'---+ 

HOD 
tAlAI -0 I--- tALAI tHOHA 

THRU SBle REGISTER # REGISTER READ DATA 
HD? tHRLDV 

~ -
HRE 

&tMWHRE-J 

HWE 

- / " HCS 

FIGURE 13. SLAVE HOST READ TIMING 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

twHALH Address Port Write to 400 10000 ns tHRLDV=210 ns 
ALE High Read II Recovery Time 

tMWHAL MWE to HALE Delay 150 ns 
-- --

tMWHRE MWE to HRE Delay 150 ns 

tAvAL HD Address Setup to 40 ns AD setup to MWE (tADVWH)=130 
HALE Low ns. 

tALAI HD Address Hold from 0 ns 
HALE Low 

tHDSA HD Data Setup to ALE 40 ns 
High 

tHDHA HD Data Hold from 40 ns 
ALE High 

tMRHRH MRE Low to HRE High 0 ns 
Delay 

tHRLDV HRE Low to HD Data tHRLDV is a function of the slave 
Valid Delay peripheral device and only affects 

tWHALH. tWALH = tMwHRE + tHRLDV 
+tHDSA 

TABLE 20. SLAVE HOST READ TIMING 
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26-68 

DATA TRANSFER TIMING 

Res 

HWE 
(IN) 

HDO 
THRU 
HD7 

HWE 
(OUT) 

THROTTLE TIMING 

Res --------------------------~;--
NOTE 1 NOTE 2 

HWE 

. ~tSW7 ---11 
DREQ 

~------------~-------

SINGLE TRANSFER TIMING 

DREQ 

/ 

NOTE 3 

FIGURE 14. SLAVE HOST DMA WRITE TIMING 
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5.3.7 Slave Host DMA Write Timing 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 
BIND2 BIND2 
BIND3 BIND3 
BINDS BINDS 

tSWl RCS Low to HWE First 0 ns 
Transfer of Burst 0 

0 
tSW2 HD Valid to HWE Rising 30 ns 

30 
30 

tSW3 HWE Rising to HD In- 15 ns 
valid 15 

15 
tsW4 HWE Cycle Time 200 ns tXTAL < tSW4 / 

200 2 
100 

tSW5 HWE Low Pulse Width 80 ns 
80 
30 

tSW6 HWE High Pulse 30 ns 
30 
30 

tsW7 HWE Rising to DRO Low 4*X + 100 ns Intermediate 
4*X + 100 throttle. X = 
4*X + 50 tXTAL 

tSW10 RCS Low to DREO Low 100 Throttle when 
100 transfer 
50 count < 16 or II single trans-

fer mode 

tsWll DACK Low to HWE Out 60 ns HSMB = 1 
Tri-state 60 

60 

TABLE 21. SLAVE HOST DMA WRITE TIMING 

The following notes apply to Figure 15. Although four transfers may occur after the FIFO 
goes almost full at 10 MB/s and only 3 bytes 

NOTE 1 remain at that time, the buffer manage guarantees 
SBIC guarantees no transfer here at 5 MB/s that at least 1 additional transfer occurs out of the 
transfer rate. FIFO prior to the fourth host transfer after the al-

NOTE 2 most full condition. This guarantees that no over-
SBIC guarantees no transfer here at 10 MB/s run condition occurs. 
transfer rate. 

NOTE 3 
SBIC guarantees no transfer here. 
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26-70 

DATA TRANSFER TIMING 

m 

HRE 
(IN) 

HOO 
THRU 
H07 

HRE 
(OUT) 

THROTTLE TIMING 

--------------------------~;--
NOTE 1 NOTE 2 

HRE CJ CJ . 1_1SW7~1 
OREO 

~-------------------------

SINGLE TRANSFER TIMING 

OREO 

/ 

NOTE 3 

FIGURE 15. SLAVE HOST DMA READ TIMING 
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5.3.8 Slave Host DMA Read Timing 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 
BIN 02 BIN 02 
BIN 03 BIN 03 
BIN 05 BIN 05 

tSWl RCS Low to HD Valid 0 ns 
First Transfer of Burst 0 

0 

tsW2 HRE Rising to HD Valid 5 180 ns 
5 180 
5 180 

tSW3 RCS Low to First HRE 140 ns 
Rising Edge 140 

100 

tSW4 HRE Cycle Time 200 ns tXTAL < tsW4 / 
200 2 
100 

tSW5 HRE Low Pulse Width 80 ns 
80 
30 

tSW6 HRE High Pulse 30 ns 
30 
30 

tSW7 HRE Rising to DRQ Low 4*X + 100 ns Intermediate 
4*X + 100 throttle. X = 
4*X + 50 txTAL 

tSW10 RCS Low to DREQ Low 100 Throttle when 
100 transfer 

• 50 count < 16 or 
single trans-
fer mode 

tSWll DACK Low to HRE Out 60 ns HSMB = 1 
Tri-state 60 

60 

TABLE 22. SLAVE HOST DMA READ TIMING 

The following notes apply to Figure 16. Although 4 transfers may occur after the FIFO 
goes almost full at 10 MB/s and only 3 bytes 

NOTE 1 remain at that time, the buffer manage guarantees 
SBIC guarantees no transfer here at 5 MB/s that at least 1 additional transfer occurs out of the 
transfer rate. FIFO prior to the fourth host transfer after the al-

NOTE 2 most full condition. This guarantees that no over-
SBIC guarantees no transfer here at 10 MB/s run condition occurs. 
transfer rate. 

NOTE 3 
SBIC guarantees no transfer here. 
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5.3.9 Buffer RAM Write Timing 
(Internal Oscillator; XTAL = 8 to 25 
MHZ) 

BAD 
THRU 
BA14 

BWE 

BOO 
THRU 

SYMBOL 

tAOCY 

tBASWH 

tBASWL 

tBW 

tBAHW 

toswH 

tOHW 

tOTSW 

26-72 

1+--- t BASWL 
tBAHW BAHW 

14---- tBW ---------1 

tBASWH 

1+---- t DTSW ------01 

FIGURE 16. BUFFER RAM WRITE TIMING (INTERNAL OSCILLATOR) 

CHARACTERISTIC MIN MAX UNITS CONDITIONS 
Bin 02 
Bin 03 
Bin 05 

Address Cycle Time 2*tXTAL-28 ns AnyXTAL 
2*tXTAL-35 
2*tXTAL-25 

Addres Setup to 2*tXTAL-40 ns AnyXTAL 
eWE High 2*tXTAL-55 

2*tXTAL-35 
Addres Setup to 0.5*txTAL-20 ns AnyXTAL 
eWE Low 0.5*tXTAL-35 

0.5*txrAL-20 
eWE Pulse Width 1.5*txTAL-30 ns AnyXTAL 

1.5*txTAL-35 
1.5*txrAL-25 

Address Hold From 5 ns AnyXTAL 
eWE High 5 

5 
Data Valid to eWE 1.5*txTAL-40 ns AnyXTAL 
High 1.5*txTAL-60 

1.5*txTAL-35 
Data Hold from 10 ns . AnyXTAL 
eWE High 10 

10 
Data Tri-state from 50 ns AnyXTAL 
eWE High 

TABLE 23. BUFFER RAM WRITE TIMING (INTERNAL OSCILLATOR) 
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ELECTRICAL AND TIMING SPECIFICA T/ONS 

5.3.10 Buffer RAM Read Timing 

SAO 
THRU 
SA14 

SWE 

SDO 
THRU 
SD7 

(Internal Oscillator; XTAL = 8 to 20 
MHZ) 

I ADCY 

I BASR 

IBR 

I ADH 

IBAHR I BAHR 

FIGURE 17. BUFFER READ TIMING (INTERNAL OSCILLATOR) 

SYMBOL CHARACTERISTIC MIN UNITS 
20 MHz 
12 MHz 

tADCY Address Cycle Time 72 ns 
125 

tADCY Address Cycle Time 2*tXTAL-28 ns 
2*tXTAL-35 

tSASR Address Setup to 72 ns 
BOE High 125 

tSASR Address Setup to 2*tXTAL-28 ns 
BOE High 2*tXTAL-35 

tSR BOE Pulse Width 45 ns 
75 

tSR BOE Pulse Width 1.5*tXTAL-30 ns 
1.5*tXTAL-45 

tSAHR Address Hold from 0 ns 
BOE High 0 

tRDS Data Setup to 5 ns 
BOE High 5 

tRDH Data Hold from 10 ns 
BOE High 10 

tDHw Data Hold from 10 ns 
Address 10 

• All timings in this table only are referenced to 
1.5V levels. 

TABLE 24. BUFFER READ TIMING (INTERNAL OSCILLATOR) 

12/4/90 

WD42C22C 

CONDITIONS 

MaxXTAL 

AnyXTAL 

MaxXTAL .. Any XTAL 

MaxXTAL 

Any XTAL 

AnyXTAL 

AnyXTAL 

Any XTAL 
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WD42C22C 

BAO 
THRU 
BA14 

BWE 

BOO 
THRU 
BO? 

26-74 

ELECTRICAL AND TIMING SPECIFICATIONS 

I ADCY 

I BASW 

I BAHW I BAHW 

I BW ---------.! 

14---- I DTSW -----.! 

I DSWH ------- I DHW 

FIGURE 18. BUFFER RAM WRITE TIMING (EXTERNAL OSCILLATOR) 
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ELECTRICAL AND TIMING SPECIFICA TlONS WD42C22C 

5.3.11 Buffer RAM Write Timing (External Os-
cillator; XTAL = 8 to 20 MHz) 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 
20 MHz 
12 MHz 

tADCY Address Cycle Time 72 ns Max XTAL 
125 

tAOCY Address Cycle Time 2*tXTAL-28 ns AnyXTAL 
2*tXTAL-35 

tSASWL Address Setup to 5 ns Max XTAU 
BWE Low 5 50%XTAL 

tSASWL Address Setup to txcH-20 ns Any XTAL 
BWE Low txcH-35 

tSASWH Address Setup to 60 ns Max XTAL 
BWE High 105 

tSASWH Address Setup to 2*tXTAL-40 ns Any XTAL 
BWE High 2*tXTAL-55 

tsw BWE Pulse Width 55 ns MaxXTAU 
85 50%XTAL 

tsw BWE Pulse Width tXTAL +txcL-30 ns Any XTAL 
tXTAL +txcL-35 

tSAHW Address Hold from 5 ns Any XTAL 
BWE High 5 

tOSWH Data Valid to BWE 35 ns Max XTAL 
High 60 

tDSWH Data Valid to BWE tXTAL +txcH-40 ns Any XTAU 
High tXTAL +txcH-60 %50 XTAL .. tOHW Data Hold from BWE 10 ns Any XTAL 
High 10 

tOTSW Data tri-state from BWE 50 ns Any XTAL 
High 

• All timings in this table only are referenced to 
1.5 V levels except tOHW. 

TABLE 25. BUFFER RAM WRITE TIMING (EXTERNAL OSCILLATOR) 
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WD42C22C ELECTRICAL AND TIMING SPECIFICA TlONS 

5.3.12 Buffer RAM Read Timing (External Os-
cillator; XTAL=8 to 20 MHz) . 

BAO 
THRU 
BA14 

BOE 

BDO 
THRU 
BD7 

t ADCY 

t BASR 

t BR 

t ADH 

tBAHR 

FIGURE 19. BUFFER RAM READ TIMING (EXTERNAL OSCILLATOR) 

SYMBOL CHARACTERISTIC MIN UNITS CONDITIONS 
20 MHz 
12 MHz 

tADCY Address Cycle Time 72 ns Max XTAU50% XTAL 
125 

tADCY Address Cycle Time 2*tXTAL-28 ns AnyXTAL 
2*tXTAL-35 

tBASR Address Setup to 72 ns Max XTAU50% XTAL 
BOE High 125 

tBASR Address Setup to 2*tXTAL-28 ns 
BOE High 2*tXTAL-35 

tBR BOE Pulse Width 45 ns Max XTAU50% XTAL 
75 

tBR BOE Pulse Width tXTAL +txcH-30 ns Any XTAL 
tXTAL +txcH-45 

tBAHR Address Hold from 0 ns Any XTAL 
BOE High 0 

tRDS Data Setup to BOE 5 ns AnyXTAL 
High 5 

tRDH Data Hold from BOE 10 ns Any XTAL 
High 10 

tDHW Data Hold from Ad- 10 ns 
dress 10 

• All timings in this table referenced to 1.5 V 
levels. 

TABLE 26. BUFFER RAM READ TIMING (EXTERNAL OSCILLATOR) 
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ELECTRICAL AND TIMING SPECIFICA T/ONS 

5.3.13 Microprocessor Write Timing 
(INTEL Bus) 

-IALEH ---> 

ALE 
-.I "" 

I<--- lAVAL -. 

IALAI -. 

ADO 
THRU V ADDRESS 
AD? 1""'-

-
MWE 

I ADWL 

V 

I<--IALAI 

"'- DATA '" / 1""- / 

;0-- I ADVWH --> I+- I WHDI -

"- V 

"" -- I MWEL IWHLH ----+ 

FIGURE 20. MICROPROCESSOR WRITE TIMING (INTEL BUS) 

SYMBOL CHARACTERISTIC MIN UNITS CONDITIONS 

tAVAL Address Setup to ALE 15 ns 
Low 

tALAI Address Hold from ALE 5 ns 
Low 

tALEH ALE High Pulse Width 30 ns 

tADVWH Data Setup to MWE 50 ns HSMB=O 
High 130 HSMB=1 

twHDI Data Hold from MWE 5 ns 
High 

tMwEL MWE Low Pulse Width 75 ns 

tADWL Address Valid to MWE 55 ns 
Low 

tWHLH MWE High to ALE High 10 ns 

TABLE 27. MICROPROCESSOR WRITE TIMING (INTEL BUS) 

1214190 

WD42C22C 

~ -

~-

.. 
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WD42C22C ELECTRICAL AND TIMING SPECIFICATIONS 

5.3.14 Microprocessor Write Timing 
(Motorola Bus) 

I+--- t ASH -----+ 

AS 
~ ~ / 

+-- t AVAL ------+ 

t ALAI ------+ -tALAI 

ADO 
THRU / ADDRESS "- DATA "-
AD? ""- / 1""- / 

~ tADVDS-~ t DSDI ---> 

t ADDS 

DS / 
\ 

-- t DSH------+ 
--tDSAH --

t WLDS --
--tWLDS 

-
RIW ""- / 

'" / 

t DSWH ------+ -- t DSWH 

FIGURE 21. MICROPROCESSOR WRITE TIMING (MOTOROLA BUS) 

SYMBOL CHARACTERISTIC MIN UNITS CONDITIONS 

tAVAL Address Setup to AS 15 ns 
Low 

tALAI Address Hold from AS 5 ns 

tASH AS High Pulse Width 30 ns 

tADVDS Data Setup to DS Low 50 ns HSMB=O 
130 HSMB=1 

tDSDI Data Hold from DS 5 ns 
Low 

tDSH DS High Pulse Width 75 ns 
during Write 

tWLDS RIW Low to DS High 5 ns 

tDSWH DS Low to R/W High 20 ns 

tADDS Address High to DS 55 ns 
High 

tDSAH DS Low to AS High 10 ns 

TABLE 28. MICROPROCESSOR WRITE TIMING (MOTOROLA BUS) 
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ELECTRICAL AND TIMING SPECIFICA TlONS 

5.3.15 Microprocessor Read Timing (INTEL 
Bus) 

ALE 

tALAI 

ADO 
THRU ADDRESS 
AD7 

tRLDV 

MRE 
tADAR 

tRLDV 

tMREL tRHLH 

FIGURE 22. MICROPROCESSOR READ TIMING (INTEL BUS) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tAVAl Address Setup to ALE 15 ns 
Low 

tALAI Address Hold from ALE 5 ns 
Low 

tAlEH ALE High Pulse Width 30 ns 

tRlDV Data Valid from MRE 100 ns 
Low 

tDHRH Data Hold from MRE 10 ns 
High 

tRHDI Data Tri-state from 50 ns 
MRE High 

tMREl MRE Low Pulse Width 100 ns 

tADAR Address Valid to MRE 55 ns 
Low 

tRHlH MRE High to ALE High 10 ns 

TABLE 29. MICROPROCESSOR READ TIMING (INTEL BUS) 
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5.3.16 Microprocessor Read Timing (Motorola 
Bus) 

~tASH---+ 

AS 

"" ~ / 

~tAvAL ----. 

tALAI ----. +--tALAI 

ADO 
THRU V ADDRESS "- DATA ~ AD? 1""- / 1"'-

t Ie-- t DSDV 
4-- t DSDI 

U~U' 

4-- t DSDH -----0 

DS / 
r\ 

4--- t DSH ----< I+------ t DSAH ----< 

t ADDS 

-
RfW 

FIGURE 23. MICROPROCESSOR READ TIMING (MOTOROLA BUS) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tAVAL Address Setup to AS 15 ns 
Low 

tALAI Address Hold from AS 5 ns 
Low 

tASH AS High Pulse Width 30 ns 

tDSDV Data Valid from OS 100 ns 
High 

tDSDI Data Tri-state from OS 50 ns 
Low 

tDSH OS High pulse Width 100 ns 
during Read 

tADDS Address Valid to OS 55 ns 
High 

tDSAH OS Low to AS High 10 ns 

TABLE 30. MICROPROCESSOR READ TIMING (MOTOROLA BUS) 
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ELECTRICAL AND TIMING SPECIFICATIONS 

5.3.17 Write Data Timing (MFM/RLL Mode; 
WC 5 to 15 MHz) 

WD42C22C 

WD --~{~-----,.o~ 
wc 

twe 

tWLE 

LATE 

EARLY 
tWLE tWLE 

tWLE tWLE 

FIGURE 24. WRITE DATA TIMING (MFM/RLL MODE) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
20 MHz 
12 MHz 

twc we Pulse Width 28 500 ns 
45 500 

tWlE Early/Late Propagation 3 15 ns 
3 25 

two WD Propagation Delay 3 15 ns 
3 25 

tWCF we Frequency 15 MHz 
10 

TABLE 31. WRITE DATA TIMING (MFM/RLL MODE) 
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WD42C22C ELECTRICAL AND TIMING SPECIFICATIONS 

5.3.18 Write Data Timing (NRZ Modej WC 5 to 
15 MHz) 

WD / 
two ---to -two 

~ \ 
wc 1\ / 

~tWCL tWCH------

WCOUT i=.~ ~ .-=4 

"'-
"'-

two_ _two 

/ 

.~=t~.~ 
FIGURE 25. WRITE DATA TIMING (NRZ MODE) 

/v 

twowco--

r 

\ 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
20 MHz 
12 MHz 

twCL we Pulse Width Low 20 500 ns 
27 500 

twCH we Pulse Width High 20 500 ns 
27 500 

tWLE Early/Late Propagation 3 15 ns 
3 25 

two WD Propagation Delay 3 15 ns 
3 25 

tWCF we Frequency 1 22 MHz 
1 16.5 

twCOL WeOUT Pulse Width tWCH - 5 ns 
Low twCH - 9 

twcOL WeOUT Pulse Width tWCH + 5 ns 
Low tWCH + 9 

tWCOH WeOUT Pulse Width tWCH - 5 ns 
High twCH - 9 

tWCOH WeOUT Pulse Width twCH + 5 ns 
High tWCH + 9 

tWDwCO WD Prop Delay from -5 +5 ns 
WeOUT -8 +8 

TABLE 32. WRITE DATA TIMING (MFM/RLL MODE) 
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ELECTRICAL AND TIMING SPECIFICA TlONS 

5.3.19 Read Data Timing (MFM/RLL Mode; 
RC/WC 5 to 15 MHz) 

RD 

RC 

DRUN ---------'/ 
FIGURE 26. READ DATA TIMING (MFM/RLL) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
20 MHz 
12 MHz 

tRCP RC Pulse Width 27 500 ns 
45 500 

tX1 RC Transition to Next 5 ns 
Leading RD 10 

tX2 Leading RD to Next RC 10 ns 
Transition 20 

tRD Read Data Pulse 20 tRCP ns 
Width 30 tRCP 

tDRN DRUN Low Pulse 25 ns 
Width 25 

tRCF RC Frequency 15 MHz 
10 

TABLE 33. READ DATA TIMING (MFM/RLL) 

1214/90 
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WD42C22C ELECTRICAL AND TIMING SPECIFICA TlONS 

5.3.20 Read Data Timing (NRZ Mode; WC 5 to 
20 MHz) 

~ "-
RD 1\ / ~ / 

~tRNS .... fo-- t RNH .... fo--t RNS .... fo--tRNH-> 

v /v 
RC / !\ 

I+-- t RCP t RCP ----t 

FIGURE 27. READ DATA TIMING (NRZ MODE) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
20 MHz 
12 MHz 

tRCP RC Pulse Width 20 500 ns 
27 500 

tRNS RD Setup to RC High 7 ns 
10 

tRNH RD Hold from RC High 7 ns 
10 

tRCF RC Frequency 1 22 MHz 
1 16.5 

TABLE 34. READ DATA TIMING (NRZ MODE) 
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ELECTRICAL AND TIMING SPECIFICATIONS WD42C22C 

5.3.21 Miscellaneous Timing 

SCT 

INDEX 

WG 

WD 

CS 
WE 

RESET 
(INPUT) 

RESET 
(OUTPUT) 

WC 

XTALIN 

~tSCT l~ __ _ 

l~ __ _ 

\ 
I\'-__ J 

I+------ t MRW ---+I 

\ /V I\'--_____ J 

~ t RSTI ---,---+1 t MRW ----< fo--t MRW 

1+--------- t RSTl ------------+1 

FIGURE 28. MISCELLANEOUS TIMING 
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WD42C22C ELECTRICAL AND TIMING SPECIFICATIONS 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

tlDX Index Pulse Width 100 ns 

tSCT SCT Pulse Width 100 ns 

tlWG Index to write gate 0 4 WC periods Gap data=33 in RLL mode. Any 
gap data in MFM and NRZ. 

tWGWD Write gate to write data 0 4 WC periods 

tRSTI RESET in pulse width 24 WC periods 
low 

tMRw MR Trailing to Host 2.4 J.Ls 
Register Write 

FRCWC Difference of RC Fre- -15% +15% 
quency from WC Fre-
quency 

tRSTL RESET Out Low Pulse 51.2 ms XTAL=10 MHz 
Width during Power-up 

tRSTL RESET Out Low Pulse 41.3 ms XTAL=12.5 MHz 
Width during Power-up 

tRSTL RESET Out Low Pulse 25.6 ms XTAL=20 MHz 
Width during Power-up 

tXTAL Clock Period 50 125 ns 
70 

tXCH Clock High Time 25 ns 
30 

tXCL Clock Low Time 25 ns 
30 

NOTE 

tXTAL, tXCH, and tXCL timings at 2.5 V levels. 

TABLE 35. MISCELLANEOUS TIMING 
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ELECTRICAL AND TIMING SPECIFICA TlONS WD42C22C 

1 Repeated for Each Sector ---------,� 

1 1 _____ r-\'-,-____________________________________ ~----------
INDEX 

1 

1 

DRUN 
___ T\'--___ ~/ \L-____ ----L ___ _ 

1 

WG ,~~~/~--+I----------------------------------------+------------
(during FORMAT) 1 

1 

WG r~----~---------I 
(during WRITE) 1 t ' I.-

WGOW--'I 

RG 

NOTES 

1. n = contents of sector number register during 
format command. 
2. CL = controller latency. 1/2.s. CL .s. 1-112 byte 
times. 
3. x = contents of PLO register. 10 PLO length is 
programmable during format command. Data 
PLO length is programmable during write com
mand. Data PLO length is 11 during format. Data 
PLO length is 12 ± 1 (or x + 13 ± 1) during write if 
x = 0 (x> 0). 

\ 

\'r-----'--"I I-

,--

'----

IDENT Definition: 
FE = Cylinders 0-255 
FF = Cylinders 256-511 
FC = Cylinders 512-767 
FD = Cylinders 768-1023 
F6 = Cylinders 1024-1279 
F7 = Cylinders 1280-1535 
F4 = Cylinders 1536-1791 
F5 = Cylinders 1792-2047 

4. tWGON = 17 ± 1 bit times with respect to RD in. 
5. tWGOFF1 = 28 bit times with respect to WD out. 
6. tRGOFF1 = 9 ± 1 bit times with respect to RD in. 
7. tRGOFF2 = 9 ± 1 bit times with respect to RD in. 
8. tRGON1 = 19 ± 1 bit times with respect to 
DRUN. 
9. tRGON2 = 35 + 1 bit times with respect to RD in. 

FIGURE 29. SOFT SECTOR MFM/Rll TRACK FORMAT 

12/4/90 26-87 



WD42C22C ELECTRICAL AND TIMING SPECIFICA TlONS 

1 
Repeated for Each Sector 

1 

1 1 

INDEX 1\ 
1 1 

AME ri 1 

(during Format) 
1 1 

AME 

(during R/W) 
~ 1 \ ! 1 \ 

AMF n /l\ 
1 1 

WG / 1 1 

(during FORMAn 
1 1 

I--t WREC 4 
1 C ~ 1 

1 
WG 

t RGOFFt--+: (during WRITE) 
1 tWGON--+j - 1 . 

1 I . 1 

1/ \ .I 
tRGOFF~ 

f- t RREC 
17 RG 

. r t RGOFF" 1 r;: I I-
t RGON1 ----.j .__ r-- t RGON2 ---+ 1 

-
42C22A I GAP41 GAP1;~ I D PL ID ID WRITE I DATA PLO I DATA DATA I WSI GAP 3 

I 
IDPLOllDl FORMAT n+ 7 + C X+8 7 PAD 2 SPICE (11) PAD 1 n + 9 X+8 7 

# BYTES 1 3 -
/ 

" / / ". / "-/ "L // .--
A I C L H S CC X+12+1-1 A F 128: 2:CRC IDENT Definition: 
1 DY 0 E E R R (X=O) 1 8 256: 4:INT FE = Cylinders 0-255 

ELY, A C CC X+ 13+/-1 512: ECC FF = Cylinders 256-511 
N D # 1 2 (X>O) 1024: 7:INT FC = Cylinders 512-767 
T DATA ECC FD = Cylinders 768-1023 

F6 = Cylinders 1024-1279 
F7 = Cylinders 1280-1535 
F4 = Cylinders 1536-1791 
F5 = Cylinders 1792-2047 

~ 

NOTES 

1_ n = contents of sector number register during 5_ tWGOFF1 = 28 bit times with respect to NRZWD 
format command_ out 
2. CL = controller latency. 1/2 ~ CL ~ 1-1/2 byte 6. tRGOFF1 = 9 ± 1 bit times with respect to 
times. NRZRDin. 
3. X = contents of PLO register. ID PLO length is 7. tRGOFF2 = 9 ± 1 bit times with respect to 
programmable during format command. Data NRZRD in. 
PLO length is programmable during write com- 8. tRGON1 = 3 ± 1 bit times with respect to AMF. 
mand. Data PLO length is 11 during format Data 9. tRGON2 = 35 + 1 bit times with respect to 
PLO length is 12 ± 1 (or x + 13 ± 1) during write if NRZRDin. 
x = 0 (x> 0). 10. tWRREC = 21 to 35 bytes minimum. tRREC = 
4. tWGON = 17 ± 1 bit times with respect to 23 bytes minimum. 
NRZRDin. 

FIGURE 30. SOFT SECTOR NRZ TRACK FORMAT 
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ELECTRICAL AND TIMING SPECIFICA TlONS WD42C22C 

1 

Repeated for Each Sector 
1 

1 1 

1 1 

INDEX 
1 1 

SECTOR 1 1/\ 

1 1 
/ 

DRUN 
1 I 

1 
1 1 

WG j 1 
(during FORMAT) 

1 
1 1 

WG 1 
1 

1 
(during WRITE) 

1 
1 tWGON-1 

tWGOFF1--+ 

1 
1--1 

RG 1 " tRGOFF~ 
J 

I ; 1 t RGOFF1-+ 1 ~ I 1-
-.1''- t RGON1 r- t RGON2-- 1 

42C22A l GAP4 GAP 1 _I 
I D PL ID ID WRITE 1 DATA PLO DATA 

DATA 1 WSI GAP21 GAP3~~ ID PLO 1 
SPICE (11) PAD 1 n + 5 + C X+9 FORMAT n + 5 + CL X+9 7 PAD 2 

# BYTES 1 3 
/ 

/ II '. "- '-.. I "- / ;: '" ,-------
IDENT Definition: A I C L H S C C X+ 12+/-1 A F 128: 2:CRC FE = Cylinders 0-255 1 D Y 0 E E R R (X= 0) 1 8 256: 4:INT FF = Cylinders 256-511 E L W A C C C X + 13 +1-1 512: ECC FC = Cylinders 512-767 

N D # 1 2 (X> 0) 1024: 7:INT FD = Cylinders 768-1023 
T 

DATA ECC F6 = Cylinders 1024-1279 

i 
F7 = Cylinders 1280-1535 
F4 = Cylinders 1536-1791 
F5 = Cylinders 1792-2047 

'-------

NOTES 

1. n = contents of sector number register during 7. tRGOFF2 = 9 ± 1 bit times with respect to RD in. 
format command. 8. tRGON1 = 19 ± 1 bit times with respect to 2. CL = controller latency. 1/2.-;; CL.-;; 1-1/2 byte DRUN. SECTOR is tied to DRUNSCT during for-
times. mat. DRUN is tied to DRUNSCT during read and 
3. X = contents of PLO register. 10 PLO length is write. 
programmable during format command. Data 9. tRGON2 = 35 + 1 bit times with respect to RD in. 
PLO length is programmable during write com- 10. GAP2 = Speed tolerance + combined 
mand. Data PLO length is 11 during format. Data ENDEC delays + other gap requirements, e.g. 
PLO length is 12 ± 1 (x + 13 ± 1) during write if x servo. 
= 0 (x> 0). GAP2 length = (time between sector pulses) -
4. tWGON = 17 ± 1 bit times with respect to RD in. (time from start of GAP1/GAP3 to end of data 
5. tWGOFF1 = 28 bit times with respect to WD out. pad.) 
6. tRGOFF1 = 9 ± 1 bit times with respect to RD in. 

FIGURE 31. HARD SECTOR RLLlMFM TRACK FORMAT 

(WITH SOFT SECTOR READ/WRITE) 
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Repeated for Each Sector [ 
I 

I 
I 

I 
INDEX 

I 
I 

1/\ SECTOR 
I i 

WG I 
(during FORMAll I 

I 
I 

WG j 
(during WRITE) 

tWGON-j 1- tWGOFF1-+j 
~I 

I 
RG "- I 

I t RGOFFr+ I I- .1 t RGOFFz-ol I- I 
tRGON1-- '_ r- t RGON2-

42C22A / GAP4 GAP 1 _/1 0 PLO 10 10 WRITE .1 DATA PLO .1 DATA DATA [WSI GAP 21 GAP 3 ;~ IDPLO 1 
FORMAT n+5+CL X+9 7 PAD 2 SPICE (11) PAD 1 n + 5 + C X+9 
# BYTES 1 3 

/ 
'-.. / / ", /, "'-/ '-.. / 

'j r--
A I C L H S C C X + 12 +/-1 A F 128: 2:CRC IDENT Definition: 

1 0 YO E E R R (X=O) 1 8 256: 4:INT FE = Cylinders 0-255 

E L W A C C C X + 13+/-1 512: ECC FF = Cylinders 256-511 

N 0# 1 2 (X> 0) 1024: 7:INT FC = Cylinders 512-767 

T DATA ECC 
FD = Cylinders 768-1023 
F6 = Cylinders 1024-1279 

t F7 = Cylinders 1280-1535 
F4 = Cylinders 1536-1791 
F5 = Cylinders 1792-2047 

NOTES 

1. n = contents of sector number register during 7. tRGOFF2 = 9 ± 1 bit times with respect to RD in. 
format command. 8. tRGON1 = Z + CL byte times with respect to 
2. CL = controller latency. 1/2 .s; CL .s; 1-1/2 byte INDEX/SECTOR (SCT). SECTOR is tied to 
times. DRUNSCT always. z = contents of internal GAP 
3. x = contents of PLO register. ID PLO length is register. 
programmable during format command. Data 9. tRGON2 = 35 + 1 bit times with respect to RD in. 
PLO length is programmable during write com- 10. GAP2 = Speed tolerance + combined 
mand. Data PLO length is 11 during format. Data ENDEC delays + other gap requirements, e.g. 
PLO length is 12 ± 1 (x + 13 ± 1) during write if x servo. 
= 0 (x > 0). GAP2 length = (time between sector pulses) -
4. tWGON = 17 ± 1 bit times with respect to RD in. (time from start of GAP1/GAP3 to end of data 
5. tWGOFF1 = 28 bit times with respect to WD out. pad.) 
6. tRGOFF1 = 9 ± 1 bit times with respect to RD in. 

FIGURE 32. HARD SECTOR RLL/MFM TRACK FORMAT 

(WITH HARD SECTOR READ/WRITE AND 
CONTINUOUS WG OPTION) 
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ELECTRICAL AND TIMING SPECIFICA TlONS WD42C22C 

I 

I 

Repeated for Each Sector 

INDEX ~~-------------+----
SECTOR ----~------------------------------------_41~~-------

I 
~ ~r--;'----~~ 

t FWGON t FWGOFr1 L I 

WG 1 
(during FORMAT) -+-

I 
/ ~ I 

~~ing WRIT::::E)---t-----t-W-GO-N-_-.-I ----<I.- t WGOFFr+1 ~ I 

____ ~----~/ I ~ /~----~~~~--~I----------
t --+i I.- t RGOFFT"j. F. 1 t RGOFF~I' 1-

RGON1 I ~tRGON~ 

RG 

42C22A I GAP 4 I GAP l)~WS; II D PLO 
FORMAT n+5+C 1 X+8 
#6YTES 

I DID 
7 PAD 2 

WRITE I DATA PLO I DATA I DATA WSI GAP 21 GAP 3-.1 WS 1 
SP~CE (11) P~D 1 1 1 n+ 5+ C'1 1 1 

ID PLO 1 
X+ 8 I 

/ 
/' 

AICLHSCC 
1 DYOEERR 

EL'AACCC 
N D # 1 2 
T 

/ 

/ 
I". """"' ........ ." ' ........ 

/ A F 126: ~:CRC 
r-------, 1 B 256: 4:INT 

(X • 0) D~ ~:: 7~~~ I 
X+12+/·1 512: ECC 

I 
X + 13 +/-1 

1 
(X> 0) [ IDENT Definilion: 

FE '" Cylinders 0-255 
FF"" Cylinders 256-511 
Fe"" Cylinders 512-767 
FD "" Cylinders 768-1023 

~~: g~l:~~:~~ ~~~~:~~;~ 
F4 = Cylinders 1536-1791 

~--------------4 F5· Cylinders 1792·2047 

NOTES 

1. n = contents of sector number register during 
format command. 
2. CL = controller latency. 112 ~ CL ~ 1-1/2 byte 
times. 

8. tRGON1 = Z + CL byte times with respect to ~ 
INDEX/SECTOR (SCT). SECTOR is tied to _ 
DRUNSCT always. z = contents of internal GAP 

3. x = contents of PLO register. ID PLO length is 
programmable during format command. Data 
PLO length is programmable during write com
mand. Data PLO length is 11 during format. Data 
PLO length is 12 ± 1 (or x + 13 ± 1) during write if 
x = 0 (x > 0). 
4. tWGON = 17 ± 1 bit times with respect to RD in. 
5. tWGOFF1 = 28 bit times with respect to WD out. 
6. tRGOFF1 = 9 ± 1 bit times with respect to RD in. 
7. tRGOFF2 = 9 ± 1 bit times with respect to RD in. 

register. 
9. tRGON2 = 35 + 1 bit times with respect to RD in. 
10. GAP2 = Speed tolerance + combined 
ENDEC delays + other gap requirements, e.g. 
servo. 
GAP2 length = (time between sector pulses) -
(time from start of GAP1/GAP3 to end of data 
pad.) 
11. tFWGON = n + 5 + CL byte times with respect 
to INDEX/SECTOR. tWGOFF = 20 bit times with 
respect to WD out. 

FIGURE 33. HARD SECTOR RLLlMFM TRACK FORMAT 

(WITH HARD SECTOR READ/WRITE AND WG PULSE) 
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RepGated for Each Sector 

I 
INDEX --{\~----------------~-----

---~------------_____ ~I~~------SECTOR 

AME --~~~~--------------------~-~ 

WG ~~--------~~ 
(during FORMAn I ~I j.- t WGLQW ---tI>: ~ t WGOfF2 

C~--------~I--~ I 
WG ---If--------.-~. )-~----~-:---
(during WRITE) t WGOFFl --+. ~ 

RG 

42C22A 
FORMAT 
'BYTES 

NOTES 

1 
A 
1 

I C L 
o Y 0 
E L W 

N 
T 

t 

H S C C 

E E R R 

A C C C 

o • 1 2 

1. n = contents of sector number register during 
format command. 
2. CL = controller latency. 1/2 s CL s 1-1/2 byte 
times. 
3. x = contents of PLO register. ID PLO length is 
programmable during format command. Data 
PLO length is programmable during write com
mand. Data PLO length is 11 during format. Data 
PLO length is 12 ± 1 (or x + 13 ± 1) during write if 
x= o. 
4. tWGON = 17 ± 1 bit times with respect to 
NRZRDin. 
5. twGOFF1 = 28 bit times with respect to NRZWD 
out. 
6. tRGOFFl = 9 ± 1 bit times with respect to 
NRZRDin. 

/ / \ 

ECC [ ~E~Y~!::~~~55 
FF = Cylinders 256·511 
Fe = Cylinders 512·767 
FD = Cylinders 768-1023 
f6 = Cylinders 1024-1279 

F7 = Cylinders 1280·1535 
F4= Cylinders 1536·1791 
F5", Cylinders 1792·2047 

7. tRGOFF2 = 9 ± 1 bit times with respect to 
NRZRDin. 

8. tRGONl = Z + CL byte times with respect to 
INDEX/SECTOR (SCT). z = contents of internal 
GAP register. 
9. tRGON2 = 35 + 1 bit times with respect to 
NRZRDin. 
10. tWGLOW = 2 bit times. tWGOFF2 = 8 bit times. 
Both timings with respect to NRZWD out. 
11. GAP2 = Speed tolerance + combined 
ENDEC delays + other gap requirements, e.g. 
servo. 
GAP2 length = (time between sector pulses) -
(time from start of GAP1/GAP3 to end of data 
pad.) 

FIGURE 34. HARD SECTOR NRZ TRACK FORMAT 
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5.4 Package Diagrams 

LOCATING 
CHAMFER 

1.18511.195 
30.099/30.353 

1.18511.195 
30.099/30.353 

0.075 .. 
1.905 

8PLCS 

PIN NO.1 1.0. 

~
PINNO'11.0' 

0.022 

~~~~~~=1tO.~8 
0.001 - 0.003 
0.025 - 0.076 

0.165/0.200 ... 0.004/-0.000 
.r1'9i75.Oiili SEATING PLANE 

OPTION 
--A-

OPTION C 

FIGURE 35. 84 LEAD PLCC 

1214/90 

WD42C22C 

0.16510.200 +.004/-.000 
4.'i9fiS:'08o SEATING PLANE 

OPTION 
--8-
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1.080.:!: .005 
27.43! .127 

,950 .:!:.OOO 
(24.13.! .076) 

ELECTRICAL AND TIMING SPECIFICA TlONS 

1.100:!: .003 
(27.94.:!: .075) 

1.100 !: .003 """"-+-___ --+ (27.43! .076) 

.&,. 

1.080 .±. .005 

1.100 .:!: .003 
(27.94 .:!: .076) 

.140 

1,,"'.,. _______________ --,r-r-r-+-+-i{3.56) 

~ __ ~~~ffiW~ffiW~~~~~~~~~~ 

.500 
(20.32) 

.780 + .OOS 
(27.43.:!: .127) 

FIGURE 36. 84 LEAD PQFP 
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INTRODUCTION 

1 .0 INTRODUCTION 
The WD60C31 B is an encoder/decoder for optical 
disk drives. The primary functions of this device 
are the conversion of Non-return to Zero (NRZ) 
data to Run Length Limited (RLL 2:7) data, the 
conversion of RLL 2:7 data to NRZ data, the 
detection of a variety of special identifying marks 
on the media, and the detection of data error con
ditions. 

This device supports the "Continuous/Composite" 
data format as proposed to the American National 
Standards Institute (ANSI X3B11) committee. 

1.1 FEATURES 

• Supports ANSI X3B11 format (5.25-inch and 
3.5-inch formats) 

• Converts RLL (2:7) data to NRZ data 
• Converts NRZ data to RLL (2:7) data 
• Track formatting 
• Provides variable threshold voting for data 

address mark detection 
• Sector mark detection ( 2 3 .a 7 .a 3 .a 3 2 ) 
• Programmable rotational speed tolerance of 

±.5% and±1% 
• ID address mark detection and generation (16 

code bits) 
• Data address mark generation and detection 

(48 code bits) 
• Variable threshold voting for data address 

mark detection 
• Resync generation and detection (16 code bits) 
• Programmable resync window size 
• Supports extended recovery techniques 
• Write Only RAM Memory (WORM) flag 

generation and detection 
• WD10COO interface support 
• Supports three on-the-fly Identification (ID) 

voting 
• Automatically increments ID track and sector 
• Supports track streaming 
• Provides extensive error status 

SYNClK 7 

At.1ENA 8 

ENCDATA 

RRClK 10 

NRZI 11 

vss 12 

VSS 13 

00 14 

0' 15 

02 16 

03 17 

COg ~ 

WD60C31B 

38 

37 

36 

35 

DLYRDGT 

PREFMTEN 

PHASELK 

TOFWIN 

RESETS 

34 2FAClK 

33 TTlPWM 

32 PLLUNLK 

31 OLYWGT 

30 AD 

FIGURE 1-1. WD60C31B PIN DIAGRAM 

1.2 PIN ASSIGNMENTS 

The WD60C31 B signals fall into four function 
groups: 

• Disk controller interface (11 pins) 
• Phase-locked loop (PLL) interface (11 pins) 
• Microprocessor bus interface (17 pins) 
• General support (5 pins) 

Figure 1-1 is a pin diagram of the WD60C31B. 
Table 1-1 identifies each pin signal by number, 
and symbol. See Section 4.0 for a complete pin 
description. 
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PIN SYMBOL PIN SYMBOL PIN SYMBOL 

1 VOO 16 02 31 o LYWGT 
2 WRTCLK 17 03 32 PLLUNLK 
3 NRZO 18 04 33 TTLPWM 
4 WRTGATE 19 05 34 2FRCLK 
5 ROGATE 20 06 35 RESETB 
6 ROATA 21 07 36 TOFWIN 
7 SYNCLK 22 VOO 37 PHASELKIPROETB 
8 AMENA 23 VSS 38 PREFMTEN 
9 ENCOATA 24 CSB 39 OLYROGT 
10 RRCLK 25 REB 40 SYNCOET 
11 NRZI 26 A3 41 SPOET 
12 SEQOUT 27 A2 42 INTB 
13 VSS 28 WEB 43 FLAGOET 
14 DO 29 A1 44 VSS 
15 01 30 AO 

TABLE 1·1. WD60C31B PIN ASSIGNMENTS 
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SYNC DATA 
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NRZO WRITE DATA 
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FIGURE 2-2. WD60C31 B BLOCK DIAGRAM 
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2.0 WD60C31B ARCHITECTURE 
As shown in Figure 2-1, the major functions within 
the WD60C31 Bare: 

• Write data synchronization 
• Write data encoding 
• Write data control 
• Read data synchronization 
• Read data decoding 
• Read data control 
• Detection of address marks, sector marks, and 

sync and resync marks 

The WD60C31 B acts as a bridge between stand
ard magnetic disk controller products and optical 
disk drive electronics. During write operations, the 
WD60C31 B accepts serial NRZ data and modifies 
the code to create an RLL bit pattern for the opti
cal drive. During read operations, the WD60C31 B 
detects fields unique to the optical disk drive en
vironment and by removing or inserting certain bit 
patterns it is able to decode RLL read data from 
the optical drive into NRZ serial data that can be 
handled by a standard magnetic disk controller 
such as the WD1 OCOO. 

The WD10COO is a Very Large Scale Integration 
(VLSI), Winchester/optical disk controller device 
that provides data, status, and control signals for 
intelligent drive applications. 

3.0 WD60C31B INTERFACES 

3.1 DISK CONTROLLER INTERFACE 

Serial NRZ data passes from the WD1 OCOO to the 
WD60C31 B at a frequency of 15 Mbits/s along 
with the respective bit clock (WRCLK). Six control 
lines are associated with data transfer: three are 
generated by the disk controller (AMENA, 
WRTGATE, and RDGATE) and three are 
generated by the WD60C31 B (SPDET, AMDET, 
and SYNCDET). The WD10COO controls the 
direction and type of data transfer. The 
WD60C31B provides the proper NRZ data (along 
with its respective clock, RRCLK) to the 
WD10COO and converts NRZ data from the 

WD60C318 ARCHITECTURE 

WD10COO to RLL data (ENCDATA) for the optical 
disk drive. 

3.2 PLL INTERFACE 

The phase-lock loop interface allows the 
WD60C31 B to transfer serial RLL data to and 
from the optical dirve. This serial data, ENCDATA 
and RDATA, each are accompanied by their 
respective clocks, 2FRCLK and SYNCLK. 
TLPWM is unsynchronized serial data from the 
drive that is used to detect the optical media's 
sector mark. The PLL interface provides four con
trol signals for the optical disk drive: 

• Preformat Enable (PREFMTEN) controls the 
read channel gain. 

• Delay Read Gate (DLYRGT) and Delay Write 
Gate (DL YWGT) are signals from the 
ADS 1 OCOO that have been processed by the 
WD60C31 B control circuitry. 

• The Phase Lock (PHASELK) signal is an 
optional signal that can be used to change the 
gain of the phase-lock loop. 

3.3 MICROPROCESSOR BUS 
INTERFACE 

The WD60C31 B has a generic microprocessor 
bus interface that allows it to be used with all 
popular 8-bit microprocessors. The microproces
sor interface provides an 8-bit bidirectional data 
bus for the transfer of status, data and control 
signals to and from the WD60C31 B. The read 
enable and write enable signals (REB, WEB) 
allow the microprocessor to access the internal 
registers selected by the address bus (A3 through 
AO). After requesting status information, the 
microprocessor receives an interrupt signal from 
the WD60C31 B. This interrupt capability frees the 
microprocessor from constant polling of the 
WD60C31 B. The master reset from the 
microprocessor resets all internal registers and 
tristates all outputs. The chip select (CSB) is the 
enable signal for the WD60C31 B. 
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4.0 SIGNAL DESCRIPTION 

PIN SYMBOL NAME 1/0 CKT DESCRIPTION 
TYPE 

4 WRTGATE Write Gate I A Gates write data to the drive 

3 NRZO NRZ Data Input I A NRZ serial data from the disk con-
troller 

2 WRTCLK Write Clock I A Write data input clock from disk 
controller (inversion of RRCLK) 

11 NRZI NRZ Data Out- 0 B NRZ serial data to disk controller 
put 

10 RRCLK Read Clock 0 B Multiplexed 2FRCLK I SYNCLK to 
disk controller 

5 RDGATE Read Gate I A Enables read gate during a read 
operation 

41 SPDET Sector Pulse 0 B Indicates detection of a sector 
Detected mark or the end of a SM window 

40 SYNCDET Sync Detected 0 B Indicates detection of an address 
mark 

43 FLAGDET Flag/Gap 0 B Indicates detection of a flag field 
Detected 

8 AMENA Address Mark I A Indicates the WD60C31 should 
Enable write the Data Sync Mark 

12 SEQOUT Window Toggle I A The WD10COO indicates the loca-
tion of the data field. 

CKT TYP (Refer to Section 5.0 for more detail) 
A = Input 
B = Output 

TABLE 4-1. DISK CONTROLLER INTERFACE 
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PIN SYMBOL NAME I/O CKT DESCRIPTION 
TYPE 

6 RDATA Read data I A Data from the PLL which is 
synchronized to 2XRCLK 

7 SYNCLK PLL clock I A The PLL clock is derived from 
REFCLK during a write operation. 

33 TILPWM Input data I A Raw input from the heads 

9 ENCDATA Output data 0 B Write data from the WD60C31 B to 
the read/write heads 

37 PHLK PLL phase lock 0 B Places PLL in phase mode 

34 2FRCLK Reference clock I A PLL reference clock 

31 DLYWGT Delayed write 0 B Buffered write gate to heads 
gate 

39 DLYRDGT Delayed read 0 B Buffered read gate to PLL 
gate 

36 TOFWIN TOFwindow 0 B Identifies the location of the mirror 
mark (1 or 2 byte times) 

38 PREFMTEN Preformat 0 B Programmable signal which 
enable selects the gain of the read chan-

nel. 

32 PLLUNLK PLLunlock I C Indicates when PLL is out of lock 
enable 

CKT TYP (Refer to Section 5.0 for more detail) 
A = Input 
B = Output 

TABLE 4-2. PLL INTERFACE 
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PIN SYMBOL NAME I/O CKT DESCRIPTION 
TYPE 

21-14 D7-DO Data Bus 1/0 C Eight-bit bidirectional data bus for 
transferring status, data and con-
trol of the WD60C31 B 

26, 27 A3-AO Address Bus I A Nonmultiplexed address bus 
29,30 

25 REB Read Enable I C Read strobe for the internal 
registers in PIO 

28 WEB Write Enable I C Write strobe for internal registers 
during PIO 

24 CSB Chip Select I A Master chip enable for the 
WD60C31B 

42 INTB Interrupt 0 B Output to microprocessor request-
Request ing a status transfer 

35 RESETB Master Reset I A Master resets all internal 

CKT TVP (Refer to Section 5.0 for more detail) 
A = Input 
B = Output 
C = Bidirectional 

TABLE 4-3. MICROPROCESSOR INTERFACE 

PIN NAME SIGNAL FUNCTION 

1,22 VDD +5 Volts Supply voltage 

13,23, VSS Ground Digital ground 
44 .. 

TABLE 4-4. GENERAL SUPPORT 
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5.0 ELECTRICAL SPECIFICATIONS 

Non-operational: 

VDD 7.0V 

Voltage with respect -0.3V (minimum) 
to VSS +0.3V (maximum) 

Storage temperature -55°C to 150°C 

Operational: 

VDD 5.0V±0.5V 

IDD (maximum) 150 mA at 30 MHz 

Ambient temperature oOe to 70°C 

SYMBOL PARAMETERS MIN MAX UNITS TEST CONDITIONS 

Vih High-level input voltage 2.0 Voo +0.3 V 

Vii Low-level input voltage -0.3 O.B V 

Vi Input clamp voltage -0.5 
(low) 

IIh Leakage current (high) -10 +10 IlA 2.0 $ Vi $Voo 

III Leakage current (low) -10 +10 IlA 0.0 $ Vi $O.B 

IIuh Latchup current (high) -40 IlA 

IIul Latchup current (low) 40 IlA 

Note: Positive current is flow into the pin. 

TABLE 5-1. CIRCUIT A - OPERATING CHARACTERISTICS 

SYMBOL PARAMETERS MIN MAX UNITS TEST CONDITIONS 

loh High-level output -400 IlA Vo = 2.BV 
current 

101 Low-level output 2.0 mA Vo = 0.3V 
current 

Voh High-level output 2.B V 10 = -400 IlA 
voltage 

Vol Low-level output 0.3 V 10 = 2.0 mA 
voltage 

lozh Off state, high-level -10 +10 IlA 2.0 $Vo$VDD 
output current 

lozl Off state, low-level -10 +10 IlA 0.0 $ Vo $ O.BV 
output current 

TABLE 5-2. CIRCUIT B - TRISTATE OUTPUT CHARACTERISTICS 
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SYMBOL PARAMETERS MIN MAX UNITS TEST CONDITIONS 

loh High-level output -2.5 mA Vo = 2.8V 
current 

101 Low-level output 4.0 mA Vo = 0.3V 
current 

Vih High-level input voltage 2.4 VDD + 0.3 V 

Vii Low-level input voltage -0.3 0.8 V 

Vik Input clamp voltage -0.5 V 
(low) 

Voh High-level output 2.8 V loh = -2.5 mA 
voltage 

Vol Low-level output 0.4 V 101 = 6.0 mA 
voltage 

lozh Off state, high-level -10 +10 IlA vee = Maximum 
output current Vih = 2.8V 

lozl Off state, low-level -10 +10 JlA vee = Maximum 
output current O.OSVoS 0.8 

IIuh Latchup current (high) -40 mA 

IIul Latchup current (low) 40 mA 

lih High-level input current -10 +10 JlA vee = Maximum 
Vih = 2.8V 

Iii Low-level input current -10 +10 IlA vee = Maximum 
Vii = .4V 

Note: Positive current is current flow to the pin. 

TABLE 5-3. CIRCUIT C - BIDIRECTIONAL CHARACTERISTICS 

.. 
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6.0 AC OPERATING 
CHARACTERISTICS 

6.1 TIMING CHARACTERISTICS 

PARAMETER DESCRIPTION 

t1a NRZOsetup 

t1b NRZO hold 

t1c WRTCLK high 

t1d WRTCLKlow 

t1e WRTCLK period 

t2a WRTGATE/RDGATE 

t2b WRTGTE/RTGTE hold 

t3a NRZI setup 

t3b NRZI hold 

t4a SYNCDET setup 

t4b SYNCDET hold 

t5a AMENAsetup 

t5b AMENAhold 

t6a SPDET pulse width 

t6b SPDET high delay 

t6c SPDET low delay 

t7a FLGDET pulse width 

t7b FLGDET setup 

t7c FLGDEThold 

tBa Clock high 

tBb Clock low 

tBc Clock period 

t9a RDATAsetup 

t9b RDATAhold 

t10a DL YRGT low delay 

t10b DL YRGT high delay 

t10c PHASELK low delay 

t10d DLYRGT to PHASELK 

t11a ENCDATA low delay 

AC OPERA TlNG CHARACTERISTICS 

MINIMUM MAXIMUM 

10 

10 

trI0-4.5 

trhi-4.5 

trp-4.5 

10 

10 

trhi-4.5 

trI0-4.5 

trI0-4.5 

trhi-4.5 

10 

10 

2 x trp-4.5 

10 

10 

4 x trp-4.5 

trI0-4.5 

trhi-4.5 

13 

13 

tcJk 

7 

7 

12 40 

12 40 

12 40 

0-632FRCLK 

12 25 

TABLE 6-1. DISK CONTROLLER AND PLL TIMING 
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AC OPERATING CHARACTERISTICS WD60C318 

PARAMETER DESCRIPTION MINIMUM MAXIMUM 

t11b ENCDATA high delay 12 25 

t12a PREFMTEN low delay 12 30 

t13a TOFWIN high delay 12 30 

t13b TOFWIN low delay 12 30 

t13c TOFWIN pulse width 0-152FRCLK 

Note: Unless otherwise specified, all time units are in nanoseconds. 
trhi = clock high for the RRCLK output 
trio = clock low for the RRCLK output 
trp = clock period of the RRCLK output 
tclk = 2FRCLK clock input 

TABLE 6-1. DISK CONTROLLER AND PLL TIMING (Continued) 

PARAMETER DESCRIPTION MINIMUM MAXIMUM 

t14a Address valid to REB 20 

t14b REB high to address change 0 

t14c REB false to CSB false 0 

t14d REB pusle width 100 

t14e REB true to data valid 80 

t14f REB false to data hold 10 

t15a Address valid to WEB true 20 

t15b WEB high to address change 0 

t15c WEB pulse width 100 

t15d Data setup to WEB false 80 

t15e WEB false to data hold 00 • t15f WEB false output change 80 

t15g WEB false to CSB false 10 

TABLE 6-2. MICROPROCESSOR TIMING 
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WD60C318 AC OPERATING CHARACTERISTICS 

6.2 DISK CONTROLLER TIMING 

NRZ°==X~ ____ -.JX,--____ -----,X\-. ___ _ 
-jt1a~ -: t1b!-

WRTCL_K_~I \\--_--11 
. . 

.. i-t1d-i 
i-t1c---i-' --t1e---

FIGURE 6-1. DISK CONTROLLER TIMING (NRZO TO WRTCLK) 

RDGATE (WRTGATE) / SS \-
~t2a_i _it2b:_ . . 
: : · . · . . . · . 

WRTCLK I \ I ss \ I 

FIGURE 6-2. DISK CONTROLLER TIMING (WRTGATE/RDGATE) 

NRZI X X C 
:_ t3b_:_ t3a-i · . · . · . · . 

RRCLK / \ I \ / 

FIGURE 6-3. DISK CONTROLLER TIMING (NRZI TO RRCLK) 

27-12 8112191 



AC OPERATING CHARACTERISTICS WD60C31B 

AMOET --------------------------~~~------
-it4a:_ 

, : , , 

RRCLK 

# 

* = number indicates the data bit position within a byte 
Bit 7 is the most significant bit 

# = byte of zeros is sent before SYNCOET if 10 address 
mark detection, 

FIGURE 6-4. DISK CONTROLLER TIMING (SYNCDET) 

NOTE 
Sync Detected (SYNCDET) is generated when
ever RDGATE is active and either the 10 Address 
Mark (10 AM) or the Data Address Mark is 
detected, Whenever an 10 Address Mark is 
detected, the SYNCDET is sent concurrently with 
the first byte of the 5-byte 10 Address field, The 
5-byte 10 field is preceded by a NRZI byte of 
zeroes, During 10 search, the SYNCDET is sent 
concurrently with this byte of zeroes, Whenever a 
Data Address Mark is detected, the SYNCDET is 
sent one byte before the first byte of the data field, 
A full byte of zeros is sent concurrently with the 
SYNCDET, This byte of zeros is handled in the 
WD1 DCDD as an address mark, SYNCDET, once 
active, remains active until RDGATE is dropped, 
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WD60C318 AC OPERATING CHARACTERISTICS 

t5b 

AMENA __________________ ~r_f\~----------------
_jt5a~ 

WRTCLK 

# 
* NRZI 

VFO -, --~'NRZ Data 

* = number indicates the data bit position within a byte 
Bit 7 is the most significant bit 

# = last 'dummy' VFO byte 

FIGURE 6-5. DISK CONTROLLER TIMING (AMENA) 

NOTE 
The data field of an optical drive contains four 
unique types of information. They are: 1) the VFO 
field, 2) the Data Address Mark, 3) the encoded 
user data, and 4) the Resync Marks. The 
WD1 DCDD and the WD6DC31 B share the respon
sibility of defining the type and quantity of informa
tion to be written on the media. In the case of the 
VFO field, the WD1 DCDD specifies the size of the 
VFO field, and the WD6DC31 B creates the unique 
high-frequency pattern. First, the WD1 DCDD 
raises WRTGATE. Then an NRZ data pattern of 
1 's is sent to the WD6DC31 B. This specifies the 
beginning of the VFO field. The WD6DC31 B 

writes a fixed RLL pattern on the disk. The 
WD1DCDD must indicate the end of the VFO field. 
This is performed by sending the Address Mark 
Enable (AMENA) signal during the last byte. This 
signal initiates the writing of the previously 
programmed Data Address Mark (3 bytes). The 
WD6DC31 B then encodes the incoming NRZ data 
from the WD1 DCDD and injects the Data Resync 
Mark, another previously programmed pattern, 
into the encoded write data path. This operation 
continues for as long as WRTGATE is active or 
the end of sector is detected. 
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AC OPERATING CHARACTERISTICS WD60C318 

.- t6c-! 

_! !_t6b 

SPDET ------------~/~i ----H:\~ ______________ __ 
t6a_! :_ 

RRCLK 

FIGURE 6-6. DISK CONTROLLER TIMING (SPDET) 

NOTE 

The Sector Pulse Detection (SPDET) signal oc
curs whenever a sector mark is detected. A 
SPDET also occurs whenever a sector mark has 
not been detected by a defined time. (One sector 
period plus 6 byte times.) 

.- t7a-! 

_! !_t7c 
FLGDET _______ .--1/1-: --+-1: ,'---_______ __ 

t7b _! :_ 

RRCLK 

FIGURE 6-7. DISK CONTROLLER TIMING (FLGDET) 

NOTE 

A Flag Detect (FLGDET) pulse occurs if RDGATE 
is active and 1-112 bytes of the Flag pattern (high 
frequency '100') is detected. 
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WD60C318 AC OPERA TlNG CHARACTERISTICS 

6.3 PLL TIMING 

2 F RC LK/SYN_C_LK_--4! \_--..... / \ ( 
i-t8b-i 

~..-- t8a----+~-' --- t8c---" . . . . 

FIGURE 6-8. PLL TIMING (2FRCLKlSYNCLK) 

NOTE 

Both clocks must be glitch-free. The PLL must 
deliver a clock which does not violate the above 
timing. The is especially true of the SYNCLK 
which changes between the reference clock and 
the internally generated PLL clock when Read 
Gate is applied. 

RDATA =x X 
.- t9a --: 

SYNCLK 
! \ ! \ 

FIGURE 6-9. PLL TIMING (NRZI TO RRCLK) 
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AC OPERA TlNG CHARACTERISTICS 

o L YRGT __ ----JI 

SYNCLK 

-: !_ t1 Oc 

PHASELK __ --+_---"$b--__ -II $ 
___ t10d ___ " 

FIGURE 6-10. PLL TIMING (DLYRGT/PHASELK) 

NOTE 

The PHASELK signal controls the PLL modes. 
Whenever PHASELK is low, the PLL should be in 
high gain (or phase/frequency mode). Whenever 
PHASELK is high, the PLL should be in low gain 
(or phase mode). There is a delay of 1 to 64 
SYNCLKs (+/-1 SYNCLK) from DLYRGT to 
PHASELK. 

EN C DAT:...:,.A __ -+----1 

2FRCLK 

FIGURE 6-11. PLL TIMING (ENCDATA) 
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,\-------
_!!_ t10b 

" , : 

\'----

.. 
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WD60C31B AC OPERA TlNG CHARACTERISTICS 

2FRCLK 
1 I 

-I i- t21a 

PREFMT=EN~----------------~\~ __________________ __ 

FIGURE 6-12. PLL TIMING (PREFMTEN) 

NOTE 

When enabled by the microprocessor, the Prefor
mat Enable signal (PREFMTEN) acts as a read 
channel control line. This signal occurs whenever 
the drive is expecting to read the preformatted 
data (10 fields). This signal is continuously high 
for WORM drive applications. This signal, when 
enabled, is low 47 bytes after SPDET. 

: Byte Boundary 
~ 

2FRCLK 
-: i_ t13b 

~--------------~I t13c \'------
: I 

FIGURE 6-13. PLL TIMING (TOFWIN) 

NOTE 

The TOFWIN signal is used in optical servo sys
tems which utilize the Mirror Mark / TOF Mark for 
servo alignment. TOFWIN is active 47 bytes after 
sector mark. This signal is active only if a sector 
mark is detected. 
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AC OPERATING CHARACTERISTICS WD60C318 

A3-AD ___ ~Xl-_____________ --IX,---_ 
-:t14b1-

CSB . \ : ! 
, ' 

---+: :......---:t14a:_ 
h14c 

REB 
\1-: ____ ~( 
_--t14d ___ .: 

07-00 ---------------.X'------;:--lX'----
: : lt14f 
:-t14e_: _: :_ 

FIGURE 6-14. MICROPROCESSOR READ TIMING 

A3-AO ------'XI-----------------lX'---
-!t15b:-

\'-----------------~:! ~ , ' 

-:t15a:- -:t159 
CSB 

WEB \,--: ___ ----J( 
~-- t15c-----of., 

07-00 ----------------X'------;!--lX'----
: t15e 

---...: :....---:-t15d-: 

FIGURE 6-15. MICROPROCESSOR WRITE TIMING 
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WD60C318 REGISTERS 

7.0 REGISTERS 
The WD60C31 B has 21 read/write locations. 

ADDRESS WRITE FUNCTION READ FUNCTION 

X'O' Configuration write Configuration read 

X'1' Software reset Operation error status 

X'2' Data resync MSB byte Data resync MSB byte 

X'3' Data resync LSB byte Data resync LSB byte 

X'4' 10 address mark MSB byte 10 address mark MSB byte 

X'S' 10 address mark LSB byte 10 address mark LSB byte 

X'6' Data sync bytes (6 bytes) Pointer counter status 

X'7' Sync thresholdlTOF size Sync thresholdlTOF size 

X'S' Data size/RESYNC limit Data size/RESYNC error flag 

X'g' Data sync pointer reset Future 10 track/sector (3 bytes) 

X'A' Phase lock delay Phase lock delay 

X'B' Secondary configuration Secondary configuration 

X'C' Third configurtion Third configuration 

X'D' 10 preset track/sector (3 bytes) 10 preset track/sector (3 bytes) 

X'E' 10 control 10 status (3 bytes) 

X'F' Sector/track Sector/track 

TABLE 7-1. REGISTER ADDRESS ASSIGNMENTS 

7.1 CONFIGURATION READ/WRITE 
REGISTER: ADDRESS X'Q' 

FF= Enable Flag Field Detection 
(Active state = 1) 

This bit enables the flag detection logic. Eight 
rising edges of TTLPWM during an internally 
created flag window indicates a flag detection, 
and FLGDET goes active. In addition, all write 
operations are disabled until the next sector mark 
if a flag is detected. An interrupt is also generated 
if Bit 4 of this register is set. 

/D = Enable /D Search Mode 
(Active state = 1) 

Normally, during a read opertion, the WD60C31 B 
sends an AMDET (in the Bit 1 position) with the 
first byte of decoded RLL data after an 10 address 
mark is detected. If the controller is trying to read 
the 10 field, the concurrent byte is the Track High 
Byte. The WD10COO uses the Track High Byte as 
an Address Mark byte and stores only the sub
sequent NRZI bytes in its internal register. If the 
Track High bytes do not match, the WD10COO 
does not store the subsequent 10 field. The 
programmer can activate this bit and perform 
another 10 read operation. The WD60C31 B 
moves the AMDET forward by eight RRCLKs and 
sends a byte of zeroes. The WD10COO is then 
programmed to wait for SYNCDET and expect an 
Address Mark byte of zeros. This means that the 
WD1 OCOO will store the Track High Byte internally 
along with the subsequent bytes. This mode is 
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REGISTERS WD60C318 

SS SE3S lOW BYTES/SECTOR MODE DEFINITION 

0 0 0 746 5.25" - 512 bytes 

1 0 0 1360 5.25" - 1024 bytes 

0 1 0 725 3.5" - 512 bytes 

1 1 0 1394 3.5" - 1024 bytes 

0 0 1 746 Auxilliary mode - 512 

1 0 1 1360 Auxilliary mode - 1024 

TABLE 7-2. SELECTION OF SECTOR SIZE 

normally used after a seek operation to determine 
the head position. 

SS = Select Sector Size 
(Active state = 1) 

When this bit is active, a sector size of 1024 data 
bytes is selected. When inactive, a sector size of 
512 data bytes is selected. The Secondary Con
figuration Register further defines the total num
ber of bytes per sector. Refer to Table 7-2. 

IE = Enable Interrrupt 
(Active state = 1) 

This is the Master Interrupt Enable bit. An inter
rupt occurs as a result of any of the following 
conditions: 

• Data Read Complete 
At the end of each data field read operation an 
interrupt is generated if interrupts are enabled 
and Bit 5 of of the ID Control/Status Register is 
set. 

• Flag FieldlWRTGATE Error 
This bit is set if a flag field is detected and a 
write operation is attempted in this sector. An 
interrupt is possible if Bit 7 of this register is 
set. 

• Pseudo SPDETIWRTGATE Error 
This bit is set if a pseudo SPDET is generated 
and a write operation is attempted. An interrupt 
is generated if Bit 0 of the Third Configuration 
Register and Bit 4 of this register are set. 

• Resync Threshold Exceeded Error 
If the programmed missing RESYNC counter 
equals or exceeds the programmed limit, this 
bit is set. An interrupt is generated if Bit 4 of 
the ID Control/Status Register and Bit 4 of this 
register are set. 

• RDGATE/SPDET Error 
This bit is set if RDGATE is applied and a 
SPDET is generated. An interrupt is generated 
if Bit 4 of the Secondary Configuration 
Register and Bit 4 of this register are set. 

• ID Miscompare Error 
If the on-the-fly ID detection logic is unable to 
meet the programmed ID threshold, an 
interrupt is generated concurrent to the 
transfer of an invalid ID AM byte transfer on 
the NRZI pin. Bit 4 of this register must be set. 

• Read Stop Interrupt 
This bit is set when RDGATE is applied after 
the next SPDET. An interrupt is generated if Bit 
7 of the Sector per Track Register and Bit 4 of 
this register are set. 

WT = Internal Test Mode 

This is used for IC testing purposes only. 

PE = Preformat Enable Control 

When set, this permits the.PREFMTEN signal to 
go low 47 bytes after the sector mark. This is 
used in erasable media applications. 
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WD60C31B 

M1,MO = Select Data Recovery Mode 

M1 MO MODE 

0 0 Normal data tranasfer 

0 1 Recovery Mode 1 : 

REGISTERS 

The following interrupt functions have individual 
enables. In order for these interrupt functions to 
be enabled, both the general enable (Bit 4 of the 
Primary Configuration Register) and the specified 
enable must be set: 

Disable Data Sync Detec-
tion During a data field 
read, a fixed number of 
data segments are sent as 
soon as read gate is active 
without waiting to detect 
the Data Sync Mark first. 
This mode is selected 
when the Sync Mark can't 
be detected, regardless of 
the Sync threshold. The 
number of data segments 
are determined by the 
Third Configuration 
Register. 

1 0 Recovery Mode 2: 
Invalid Code Bit Map 
with sync The NRZ Data 
that is sent to the 
ADS 1 OCOO is not the 
decoded RLLdata. In-
stead, it is a map of the in-
valid RLL code bit of the 
data stream. An NRZI Bit 1 
indicates an RLL violation. 

1 1 Recovery Mode 3: 
Invalid Code Bit Map 
with resync This mode 
performs both RLL code 
violation mapping (Mode 
2) and disabling of Data 
Sync detection (Mode 1). 

27-22 

FUNCTION INTERRUPT ENABLE 

Data Read ID Control Status Register 
Complete (Bit 5) 

Resync ID Control/Status Register 
Threshold (Bit 4) 
Exceed Error 

RDGATE/ Third Configuration Register 
SPDET Error (Bit 3) 

ID Miscom- ID control/Status Register 
pare Error (Bit 6) 

The following functions do not have individual in
terrupt masks. The only individual control possible 
is to disable the function: 

FUNCTION FUNCTION ENABLE 

Flag Field/ Primary Configuration (Bit 7) 
WRTGATE 
Error 

Pseudo Third Configuration Register 
SPDET/ (Bit 0) 
WRTGATE 
Error 

Read Stop Sector per Track Register 
Interrupt (Bit 7) 

8112191 



REGISTERS 

7.2 SOFTWARE RESET/OPERATION 
ERROR STATUS: ADDRESS X'1' 

i!e l ~ I ~ I ~ I ~ I ~ I ~ I ~ I 
X = not applicable 

The following status flags are reset when writing 
to Address X'1 ': 

• Flag Detect Error Flag 
• Read Complete Flag 
• Pseudo Sector Mark Error Flag 
• Resync Threshold Error Flag 
• Missing Resync Error Flag 
• RDGATE/SPDET Error Flag 
• 10 Miscompare Error Flag 
• Read Stop Error Flag 

Read: 

II: I R~C I F~E I S: II~ I T2E I :S I ROD I 
Whenever Address X'1' is read, the following 
status flags are cleared and reinitialized. 

IV = Invalid RLL Code Detected 

ROC = Read Complete 
(Active state = 1) 

The ROC bit is set upon finishing a data field read 
operation. This bit is cleared at the end of each 
sector or if the programmer writes to Address 1. 
Enabling this bit and Bit 5 of the 10 Control/Status 
Register generates an interrupt. 

FLE = Flag Detect Error 
(Active state = 1) 

The FLE bit is set if the flag detection logic has 
been enabled, a flag has been detected, and 
WRTGATE is active. An interrupt is also 
generated if Bit 0 of the Primary Configuration 
Register is set. The FLE bit is cleared when the 
programmer writes to Address 1. 

SE = Pseudo Sector Mark Error 
(Active state = 1) 

WD60C318 

The SE bit is set when a Sector Mark is not 
detected, a pseudo SPDET is generated and 
WRTGATE is active for a given sector. An inter
rupt is also generated if Bit 0 of the Third Con
figuration Register is set. Writing to Address 1 
clears the SE bit. 

IP = Interrupt Pending 
(Active state = 1) 

TE = Resync Threshold Exceeded 
(Active state = 1) 

The number of missing resyncs as defined in the 
Resync Error Threshold Register has been 
equaled or exceeded in a single sector data field 
read. An interrupt is generated if TE is enabled 
and Bit 4 of the 10 Control/Status Register is set. 
TE is cleared when the programmer writes to Ad
dress 1. 

RS = Missing RESYNC Field Detected 
(Active state = 1) 

This bit indicates that at least one Resync byte 
has been missed. The RS bit is cleared by writing 
to Address 1. 

RD = RDGATE/SPDET Error 
(Active state = 1) 

Read Gate is active when SPDET becomes ac
tive. This error flag generates an interrupt if 
enabled and Bit 3 of the Third Configuration 
Register is set. 

7.3 RESYNC MOST SIGNIFICANT BYTE 
(MSB): ADDRESS X'2' 

This register stores the Resync MSB value. On 
write data operations this value is injected into the 
encoded NRZI bit stream. During read operations, 
this value is used for the detection of the Resync 
mark within the RLL bit stream. 
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7.4 RESYNC LEAST SIGNIFICANT 
BYTE (LSB): ADDRESS X'3' 

This register stores the Resync LSB value. On 
write data operations this value is injected into the 
encoded NRZI bit stream. During read operations, 
this value is used for the detection of the Resync 
mark within the RLL bit stream. 

7.5 10 ADDRESS MARK MSB: 
ADDRESS X'4' 

The user programs the IDAM MSB by writing to 
this register. 

7.S ID ADDRESS MARK LSB: 
ADDRESS X'5' 

The user programs the IDAM LSB by writing to 
this register. 

7.7 DATA SYNC BYTES (S): 
ADDRESS X'S' 

The microprocessor must write 6 bytes to fully 
program the data sync field value. The first byte 
must be the LSB. After each write to this location 
a counter is incremented. The counter value can 
be viewed by reading this location. It is important 
to maintain 2FRCLKs during the writing of this 
register. The 2FRCLKs should maintain the mini
mum pulse widths as defined in Section 6.3. 

REGISTERS 

RSE = Read Stop Interrupt 

This bit is set at the next SPDET. RDGATE is 
blocked to the internal device; DLYRDGT is block
ed to the drive electronics. 

FID 1 through FIDO = Future ID Pointer 

This counter is incremented whenever the user 
reads the Data Sync Pointer/Future ID (Address = 
X'g'). The next expected Track High, Track Low, 
and Sector bytes must be read serially from this 
location. The programmer resets these bits when 
he writes to Address X'g'. 

PI01 through PIOO = Present 10 Pointer 

This counter is incremented whenever the user r 
eads the ID Compare Preset Register (Address = 
X'D'). Writing to Address X'g' resets these bits. 

C2 through CO = Oata Sync Counter 

Number of bytes written to Data Sync register. 
This value is reset on soft reset (Address = X'g'). 

7.8 SYNC THRESHOLD/TOF SIZE: 
ADDRESS X'7' 

T3 through TO: TOF window size 
(increment = one 2FRCLK) 

M3 through MO: Sync Field Majority vote trigger 
point (Value range = 0> 12 base 10) 

The user sets the percentage of the Sync Mark 
that must be found before an AMDET is 
generated in the Data field. Each incremental 
value changes the correlation percentage by 
8.33%. 
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7.9 RESYNC ERROR THRESHOLDI 
DATA SEGMENT SIZE: 
ADDRESS X"S' 

Write/read· 
7 6 5 4 3 2 1 

DS1E DS8 DS4 DS2 DS1 TD4 TD2 

DS16 through DS1 = Data Segment length 
Value range = 0 through 31 base 10 

0 

TD1 

This field sets the quantity of data bytes between 
RESYNCS within the data field. The present for
mats define this field to be 1410 or 19lO. (DS 16-
DS1 = # of byte between resyncs minus 1) 

TD4 through T01 = Resync Error Threshold 
Value range = 1 through 7, base 10 

This field determines the number of resyncs that 
are detected within a single sector. When this 
valu~ is reached or exceeded, the Resync Error 
Flag In the Status Register is set. 

7.10 DATA SYNC POINTER RESET: 
ADDRESS X'9' 

Writing to this address location resets all internal 
pointers which are used for multiple write opera
tion. The pointers that are affected are the Data 
Sync Write Pointer, Present ID Write/Read 
Pointers, and Future ID Read Pointer. The Data 
Sync Pointer selects which register is to be written 
when writing to location '06'. The Present ID 
Write/Read Pointers are two independent 
counters which determine the location of the initial 
ID compare values. The Future ID Read Pointer 
identifies which byte of the expected ID counter is 
being read. The 2FRCLK should be operating at 
this time. 

WD60C318 

Read: 

I ~7 I ~6 I ~5 I T: I :3 I ~2 I ;1 I ~O I 

If the autoincrement functions are enabled, the 
WD60<?31 B can perform I D compare operations 
for I D field bytes other than the original bytes. The 
user reads the internal counter which predicts the 
next ID field to be verified. To read all three bytes 
(Sector byte, Track Low byte, and Track High) the 
user must perform repeated reads of this location. 
The byte that is read is identified in the Data Sync 
Status Register (Address X'g'). 

7.11 PHASE LOCK DELAY: 
ADDRESS X'A' 

IWJ:r,Js I :51 ~ 1 :31 :21 :, I :0 I 

FS = Flag Window Select 

T~is bit defines t~e placement of the internal flag 
Window for flag field detection. The flag window, 
nominally 6 bytes, is placed with reference to the 
last ID read. This bit is "0" if the last ID read is 
predicted to be ID number 3. This bit is "1" if the 
last ID read is predicted to be ID number 2. 
During the ID read operation, the WD10COO 
should generate an AMENA during the last byte of 
the last ID that is read, normally the second CRC 
byte. Generally, the AMENA should not be 
generated unless the ID field passes a bit for bit II 
comparison. The WD60C31 B then delays the ap
propriate number of byte times and opens the flag 
window. 

IDS = ID Window Enable 
(Active state = 1) 

When active, the detection of the ID Address 
Marks is limited to three small windows, ± eight 
2FRCLKs. This reduces the probability of falselD 
AM detection. 

P5 through PO = Programmable Phase Lock 
Delay from DLYRGT (Value range = 0 through 63) 

The user can set the time difference between the 
Delayed Read Gate and the PHASELK output 
signal. 
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7.12 SECONDARY CONFIGURATION: 
ADDRESS X'B' 

Write/read' 
7 6 5 4 

FMT SE35 lOW XX 

FMT = Format Enable 
(Active state = 1) 

3 2 1 

RGH SPO RS1 

0 

RSO 

If active, the W060C31 B is set for a format track 
mode when WRTGATE is received. 

SE35 = Media Select 
(Active state = 1) 

When active, the W060C31 B sets the internal 
operation for 3.5-inch, ANSI continuous com
posite format sector sizes. 

lOW = Disable Internal 10 and Data Window 
Generator (Active State = 1) 

Normally, the W060C31 B generates internal win
dows for predicting the location of the 10 and data 
fields. When this bit is active, the internal window 
generator for 10 and data is defeated. Instead, the 
W060C31 B relies on an external signal, 
SEQOUT from the W010COO. SEQOUT, along 
with ROGATE, selects the type of field the 
W060C31 B is expecting to read. (The default 
sector size is 746 and 1360 bytes). A typical situa
tion is as follows: The W010COO waits for a 
SPOET and then raises a read gate. The 
W060C31 B searches for an address mark. The 
W060C31 B then sends the 10 field to the 
W010COO. When the W010COO finds the ap
propriate number of IDs, read gate is dropped. 
SEQOUT is sent to the W060C31 B to identify the 
next read operation as a search for a data sync 
mark. This feature is primarily used with soft
sectored media. 

REGISTERS 

RGH = Read Gate Hold 
(Active state = 1) 

When active, the OLYRGT signal is extended to 
the read channel by nine RRCLKs. This occurs 
only if REAOGATE is raised and lowered in the 10 
field. This is useful when maintaining the PLL 
phase mode between consecutive 10 fields. The 
Read Gate signal from the W010COO must be 
dropped after each 10 field. 

SPO = Speed Tolerance Selection 
(5.25-inch only) 

The programmer sets the expected spindle motor 
tolerance. This tolerance changes sector mark 
detection windows. When this bit is 0, the sector 
mark window is set for a .5% speed tolerance. 
When this bit is 1, the window is set to a 1 % 
speed tolerance. 

RS1 RSO MODE 

0 0 Fixed Window - 12 clocks, 
.5% speed tolerance 

0 1 Fixed Window - 18 clocks, 
1 % speed tolerance 

1 0 Progressive Windows -
The resync window is ini-
tially set to a minimum 
value (six 2FRCLKs). If a 
resync is not found, the 
resync window is in-
creased by four clocks for 
each resync that is not 
found. 

1 1 Progressive Windows -
The resync window is ini-
tially set to a minimum 
value (eight 2FRCLKs). 
Window increases by eight 
clocks for each resync that 
is not found. Maximum 
window = 24 clocks. 
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7.13 THIRD CONFIGURATION: 
ADDRESS X'C' 

ID 1,0 = ID Status Select Bits 

These bits select which status byte of four pos
sible bytes to read from Address E. 

101 100 

0 0 Control Register 

0 1 10 Error Status 

1 0 Present ID/Data Sync 
Read 

1 1 Reserved 

SMS = Small SYNCDET Enable 
(Active State = 1) 

When enabled, this bit reduces the size of the 
SYNCDET to one NRZI bit. Normally, the 
SYNCDET signal is set during Bit 1 of the Ad
dress Mark byte and remains set until RDGATE is 
dropped. If this mode is enabled, the SYNCDET is 
only a pulse. During the reading of the 10 fields, 
the RDGATE can remain on throughout all the 10 
fields. The SYNCDET is raised for each 10 ad
dress Mark that is found. However, in both cases 
RDGATE must be dropped before reading the 
data field. 

T4 = TOFWIN Window Size MSB 
(Active state = 1) 

This bit is used in conjunction with T3 through TO 
of the Sync Threshold/Size register. This bit ex
tends the size of TOFWIN byte from 0 to 31 
2FRCLKs. This is the MSB of the count value. 

RDI = Read GatelSPDET Interrupt Mask 
(Active state = 1) 

When this bit is set, an interrupt is generated if 
RDGATE is active when the SPDET is sent. 

WD60C318 

DCt ,0 = Data Segment Transfer Count 
(used in Mode 2 and Mode 3 operations) 

If a Data Sync is not detected for a given mini
mum threshold, the programmer can select a 
Resync as the synchronization mark for the data 
field. DC1 and DCO define the quantity of data 
segments that are sent to the WD10COO before 
the Resync detection logic is enabled. A data seg
ment is the quantity of data bytes between 
Resync marks as defined in the Rsync Error 
Threshold/Data Segment Size Register, Address 
X'8'. 

DC1 DCO DATA SEGMENTS 

0 0 1 

0 1 2 

1 0 3 

1 1 4 

SME = Pseudo Sector Mark Error Enable 
(Active state = t) 

When active, a pseudo sector mark error flag is 
set and an interrupt is generated (if Bit 4 of the 
Primary Configuration is set). This error occurs if 
a sector mark is not detected, an SMDET is 
generated due to a timeout, and a write operation 
is attempted. In addition, the DLYWGT signal is 
disabled to the drive. 

7.14 10 COMPARE PRESET REGISTER: 
ADDRESS X'D' II 

IWJ:T! 1 ~ 1 :.1 ~ 1 :21 ;, 1 :0 1 

The microprocessor loads the 10 field with the 
Sector byte, Track Low byte, and Track High byte 
which is used during the 10 on-the-fly comparison. 
The Sector byte must be loaded first, then Track 
Low and Track High. Repeated reads are neces
sary to obtain these three values. The 10 Status 
Register, Address E, contains a value that iden
tifies which value is being read. 
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7.15 ID CONTROl/STATUS REGISTER: 
ADDRESS X'E' 

310 = 3 ID Enable 
(Active state = 1) 

When this bit is set, the special 3 10 on-the-fly 
mode is enabled. In this mode the W060C31 B 
reads the lOs for the W010COO and relays this 
information to the W010COO. 

IDE = 10 Error Interrupt Enable 
(Active state = 1") 

When this bit is set, an interrupt is generated 
whenever the 10 Compare is completed and an 
error is detected. 

RCM = Read Complete Interrupt Mask 
(Active state = 1) 

When this bit is set, an interrupt is generated 
whenever the end of a data field read operation is 
reached. 

REM = Resync Threshold Error Interrupt Mask 
(Active state = 1) 

When this bit is set, an interrupt is generated 
whenever the Resync Error Counter is activated. 

TAE = Track Autoincrement Enable 
(Active state = 1) 

When this bit is active the Track High and Track 
Low bytes can be incremented whenever the 
maximum sector is detected and the last 10 com
parison is good. 

SAE = Sector Autoincrement Enable 
(Active state = 1) 

When this bit is active, the expected sector value 
can be incremented after a good 10 comparison. 

IT1,0 = 10 Compare Threshold Bits 

These bits define the quantity of good 10 field(s) 
which must be detected before the W060C31 B 

REGISTERS 

flags the W010COO of a good operation. IT1 is the 
MSB. 

IT1 ITO Good IDS Detected 

0 0 Not valid 

0 1 1 

1 0 2 

1 1 3 

Read: 

This address location can contain three possible 
status bytes. The Third Configuration Register, 
101 (Bit 7) and 100 (Bit 6) determine which is 
status byte is to be read. 

SP = Pseudo Sector Mark Detect 
(Active state = 1) 

When active, no sector mark is detected within 
the internal sector mark wihdow. A pseudo 
SPOET is generated. This bit is cleared when an 
authentic sector mark is detected. 

C3 through C1 = 10 Cyclic Redundancy Check 
(CRC) Error 

These error bits occur under the following condi
tions: 10 AM is detected, 10 Track and sector 
bytes are compared and a CRC fault exists. C3 is 
status for the Third 10; C2 for the second 10. 

13 through /1 = ID AM and ID Field Match 

These status bits are active whenever an 10 AM is 
found and the 10 field track and sector bytes 
match. The 10 Threshold limit set in the 10 Control 
Register determines the validity of this status. 
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ICE = 10 Compare Error 
(Active state = 1) 

This bit is set whenever the 10 Threshold (set by 
the Control Register) is not met by the end of the 
10 zone. An interrupt can also be generated if 
enabled in the 10 control Register. 

Present IOI0ata Sync Status (101 = 1, 100 = 0) 

OS3 through 0 = Reserved 

DR = Data ROGATEISPOET Error 
(Active state = 1) 

When active, this bit indicates that ROGATE was 
active when SPOET was generated. ROGATE ac
tive is due to an extended data field read opera
tion. This bit is cleared when writing to Address 1. 

PIR1,0 = Reserved 

WD60C318 

7.16 SECTOR PER TRACK: 
ADDRESS X'F' 

RSP = Read Stop Enable (Active State = 1) 

SC6 through SCO = Sector per Track 

The user defines the number of sectors per track. 
This register is important whenever the autoincre
ment function is enabled in the 10 control 
Register. Whenever the predicted 10 field 
matches the maximum sectors per track, the end 
of the 10 field is reached, and the 10 Threshold 
has been met or exceeded, then the internal sec
tor counter sets the sector byte to zero. 
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A.O FORMAT DESCRIPTION 
The following section describes the functionality 
of the WD60C31 B as it relates to the ANSI Stand
ard Continuous-composite Format for 5.25-inch 
and 3.5-inch optical drives. The WD60C31 B can 
perform a track format operation on media which 
is unformatted. This device also performs ID 
voting functions that previously were handled by 
the WD1 OCOO. 

A.1 OPTICAL FORMAT 

The ANSI specified Continuous-Composite Opti
cal Media format is intended for use in Write Only 
RAM Memory (WORM) and magneto-optic drive 
applications. The WD60C31 B is tailored for this 
application. The WD60C31 B is programmable in 
order to accommodate future changes to the 
present format. 

A.2 SECTOR FORMAT DESCRIPTION 

The sector format is divided into three primary 
zones. The first zone is the I D area which con
tains the Sector Mark and three unique ID fields. 
The second zone is the drive area which contains 
the Mirror Mark, Flag, and Aauto Laser Power 
Control (ALPC) fields. The Mirror Mark and ALPC 
are for servo use. The Flag field is for WORM 
applications. Flag and ALPC are not used in 3.5-
inch applications. The third zone is the data field 
which contains data, cyclic redundancy check 
(CRC) and error correction code (ECC). 

A.3 SECTOR MARK 
The five-byte sector mark is intended to be 
detected without recourse to use of the phase
locked loop. The pattern does not exist in data. 
Sector marks are identified by alternating long 
marks of three and five NRZ bit times. 

A.4 VFO AREAS 

There are three different lockup areas designated 
as VF01, VF02, and VF03. The recorded infor
mation for VF01 and VF03 is identical in length 
and pattern. The area for VF02 has one of 
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two possible patterns and is four bytes shorter 
than VF01 and VF03. 

Given that there are three concatenated ID fields 
and RLL 2,7 modulation coding is used, the condi
tions leading into each VF02 area will be different 
depending on the last byte of CRC recorded in the 
preceding ID field. 

A different VFO pattern prior to ID2 and ID3 is 
needed in order to allow the last byte of CRC to 
achieve correct decoding. Note that while the 
entering pattern is different, the VF02 fields al
ways end in the same pattern. The choice be
tween the two patterns for VF02 depends on the 
content of the last byte of CRC in the ID field 
immediately preceding the one being read. 

A.S ADDRESS MARK (AM) 

The Address Mark is a special pattern, not used in 
RLL 2,7 data, and is a run-length violation for RLL 
(2,7) encoding. 

A.6 ID AND CRC 
The ID field consists of 5 bytes, allocated as fol
lows: 

2 bytes of track address, MSB/LSB. 
1 byte of sector address: 
Bits 7,6 = ID number, (specifies one of three 
ID fields) 

00=1st1D 
01 = 2nd ID 
10 = 3rd ID 

Bit 5 = Reserved for future expansion, (SIB 0) 
Bits 4-0 = Sector Number, (binary value, most 
significant bit = 4) 

The CRC consists of 2 bytes derived from the 
previous 3 bytes of ID information and using the 
polynomial: 

G(X) = X16 + X12 + X5 + 1 

The CRC calculation begins with the registers 
containing all 1's. (Refer to CCITT CRC stand
ard). Input and output sequence uses MSB first. 

27-30 8112191 



FORMAT DESCRIPTION WD60C31B 

NAME FUNCTION PATIERN 

SM Sector Mark Special Redundant Pattern = 
23 ;i 7..Q 3 ;i 3...5. 
Channel code bit pattern following 
sector mark = 0010010010 

VF01, VF02, Lockup Field VF01 = 01001001001 ... 010010 
VF03 VF02= 10010010010 ... 010010 

VF02= 00010010010 ... 010010 
VF03= 01001001001 ... 010010 
Note that VF02 varies according to 
previousCRC pattern. 

AM Address Mark (Bit/Byte Sync) 16 code bits, (1 byte) 
0100 1000 0000 0100 

SYNC Redundant Sync for data Triple sync pattern 
010000100100001000100010 
010001001000001001001000 

10 Track number (2B) High order/low order 
Sector number (1 B) Bits 7-6 = 10 Number (10 0-2) 

Bit 5 = Reserved, (S/B 0) 
Bits 4-0 = Sector Number 

CRC 10 field check bytes CCITT Polynomial =1 's 

PA Postamble Allows last CRC byte closure under 
RLL (2,7) modulation 

ODF Offset Detection Flag Unwritten, no grooves 

Gap Gap (Splice) Unwritten - 3 byte areas 

FLAG Indicates written block continuous (5-byte area, decision by majority) 
pulse 100100100100100100100100100. 

ALPC Auto Laser Power Control Blank 2-byte zone 

DATA User data, control, CRC, ECC and See Figures A-1 through A-4 
Resync 

BUFFER Used for RPM timing margins Unwritten area II 
RESYNC Data field byte Sync 16 code bits (1 byte) 

0010 0000 0010 0100 

TABLE A-1. SECTOR FIELD FUNCTIONS 
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!I pi 

28 18 28 18 : 38 58 38 : 28 

I TRACK # i SECT. I CRC ODFI GAPI FLAG I GAP I 
ALPC 

S DATA+ 
VF03 Y CONTROL+ 8UFF 

N ECC/CRC 
C RESYNC 

58 128 18 58 88 :18 58 88 :18 58 18 148 128 38: 12598 208 

II .. I,' -,-

PREFORMATTED AREA 

52 8YTES 1274 8YTES 

1360 8YTE SECTOR 

FIGURE .A-1. S.25-INCH, 1024-BYTE FORMAT 
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28 18 28 18 ; 38 

I TRACK # I SECT. I CRC/J ODFI GAPI 

58 38; 28 

FLAG I GAP I ALPC 

.. ' .. ' 

DATA+ 

.. ' .. ' 

WD60C31B 

CONTROL+ 8UFF SM 

58 128 18 58 88 58 88 18; 58 18; 148 128 38 

ECC/CRC 
RESYNC 

6488 

PRE FORMATTED AREA 663 8YTES 

52 8YTES 

746 8YTE SECTOR 

FIGURE A·2. 5.25·INCH, 512·BYTE FORMAT 
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2B 1B 2B 

I TRACK # I SECTI/CRG/I 

PREFORMATTED AREA 

52 BYTES 

1374 BYTE SECTOR 

1B : 3B 

ODFI GAP I 

FORMAT DESCRIPTION 

DATA+ 
CONTROL+ BUFF 

ECC/CRC 
RESYNC 

1219B 54B 

1254 BYTES 

FIGURE A-3. 3.5-INCH, 1024-BYTE FORMAT 
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5B 12B 1B 5B 

III 

2B 1B 2B 

I TRACK # I SECT. I CRC 

8B :1B i 5B 8B :1B: 5B 1B 

PREFORMATTED AREA 

52 BYTES 

724 BYTE SECTOR 

1B : 3B 

ODFI GAP I 

4B 12B 

WD60C31B 

DATA+ 
CONTROL+ BUFF 

ECC/CRC 
RESYNC 

3B 638B 15B 

643 BYTES 

FIGURE A-4. 3.5-INCH, 512-BVTE FORMAT 
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A.7 POSTAMBLE CPA) 

The last portion of the preformatted area (PA) 
consists of a one postamble byte on the third ID 
field. Due to the use of the RLL 2,7 encoding 
scheme, the framing of the last byte of CRC in the 
last ID field is uncertain within a few bit times. The 
postamble allows the last byte of CRC to achieve 
closure and permits the ID field to always end in a 
predictable manner. 
This is necessary in order to locate the Offset 
Detection Flag/Mirror Mark in a consistent man
ner. 

A.S ODF / MIRROR MARK 

The Offset Defection Flag (ODF) or Mirror Mark is 
an area with no grooves or preformatted data. 
The purpose is to allow track offset detection 
within the drive. 

A.9 FLAG 

The flag field prevents inadvertent write opera
tions over previously written data in WORM drive 
applications. The flag may be written after suc
cessful completion of the write operation or during 
the same pass. The use of this field is optional. It 
is not used in 3.5-inch format. 

A.10 AUTO LASER POWER CONTROL 
(ALPC) 

The Auto Laser Power Control is a grooved test 
area for calibration of the laser power levels used 
by the drive. It is not used in 3.5-inch format. 

FORMAT DESCRIPTION 

A.11 DATA FIELD 

The data field consists of 1024 bytes of user data 
and 223 bytes of CRC/ECC/Resync information, 
plus 12 bytes of control information. A 512-byte 
data field is optional. The 3.5-inch format has 
reduced the pOinter field to xxx bytes for the 512-
byte sector. 

A.12 RESYNC 

The resync mark reestablishs byte synchroniza
tion when it is lost during a data segment. (A data 
segment consists of the bytes of data, usually 15 
or 20 bytes, between resync marks.) 

Resync marks are used in only the DatalCon
trol/ECC/CRC field. Resync marks are written 
within the data as shown in Figures A 1 through 
A4. 

A.13 BUFFER 

Motor speed tolerances and some electrical and 
mechanical tolerances require a buffer zone at the 
end of each sector. No written information is 
present in the buffer. The buffer field is a 1-byte 
postamble to the data field to allow closure of 
channel bits in the RLL 2,7 encoding scheme. 
During format, however, this area is filled with a 
high-frequency pattern of "100". 
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B.O WD60C31 FUNCTIONS 

B.1 READ OPERATIONS 

The WD60C31 B is responsible for the detection 
of the following special format marks: 

B.1.1 SECTOR MARK 

The WD60C31 B is constantly in a sector mark 
detection mode. If a sector mark is detected ( 3 of 
5 majority), a (Pseudo Sector Mark Dectect) 
SPDET pulse goes to the WD10COO. If no sector 
mark is detected at the end of each sector, the 
WD60C31B creates a SPDET. The created 
SPDET is based on a worst case speed tolerance 
of +/-.5 % or 1%. This mark is detected under a 
~indow, .5% or 1 %, thereby minimizing misdetec
tlon. 

B.1.2 ID ADDRESS MARK 

The WD60C31 B examines the input RLL bit 
stream whenever an ID field area is expected and 
RDGATE is active. RDGATE should be applied 
after a SPDET is sent. The RLL pattern is 
programmable by the microprocessor. The 
RRCLKs are paused when RDGATE is raised and 
NRZI goes from high to low. Once the ID AM is 
detected, the RRCLKs begin again. The NRZI 
data stream is a byte of zeros and the ID field 
(Track High byte, Track Low byte, and sector 
byte) follows. A SYNCDET pulse is sent along 
with the first ID address byte. The WD10COO 
should be programmed to wait for the SYNCDET 
signal and expect the Track High byte to be the 
A.ddres~ Mark. ~he WD10COO then performs a 
blt-for-bit comparison and CRC verification. The 
WD60C31 B can also be placed in another mode, 
the ID Search mode. This mode should be used 
whenever the Track High byte is not predictable. 
This is used to satisfy WD1 OCOO requirements. In 
this mode, the SYNCDET signal is moved forward 
one byte. This means that this signal becomes 
active during the byte of zeros preceding the 
Track High byte. The WD10COO should be 
programmed to wait for the SYNCDET and an 
address mark of zeros. A bit-for-bit comparison 
over the complete ID field is performed. The 
WD10COO stores the full ID field in its internal 
registers. The Normal mode only stores the Track 
Low byte, sector byte, and CRC. 

WD60C318 

B.1.3 DATA ADDRESS MARK 

The WD60C31 B examines the input RLL bit 
stream whenever the Data field area is expected 
and RDGATE is active. The RLL pattern that is 
expected is microprocessor programmable. In ad
dition, the level of pattern correlation is program
mable. A SYNCDET pulse is sent whenever a 
comparison is made. This pulse is sent along with 
a psuedo-address mark NRZ byte of. '~O's. The 
WD10COO is programmed to make this com
parison. 

B.1.4 DATA RESVNC MARKS 

The WD60C31 B detects and removes the Resync 
marks from the NRZI data stream. An internal win
dow is generated which predicts the location of 
the next resync. This window minimizes the prob
ability of misdetection In normal mode, the inter
nal resync window is opened if RDGATE is raised 
in the data field, the Data Sync has been 
detected, and a data segment has passed. Four 
programmabale window sizes are available: two 
fixed sizes and two variable sizes. The ANSI 
specification states that the number of bytes in a 
data segment is 15 or 20. The WD60C31 B per
mits the microprocessor to set the value from 0 to 
31 bytes. A value of zero assumes that there are 
no resyncs. In addition, the Resync mark pattern 
can also be programmed. In an error recovery 
mode, RDGATE must be applied in a data field, 
but the Data Sync Mark need not be detected. 
Instead, the Resync mark is the first mark to be 
detected. The first resync window is opened after 
a preprogrammed number of bytes are sent to the II 
WD10COO. This means that the WD10COO 
receives the exact number of data bytes per sec-
tor. This mode is used if the data sync is undetec-
table after lowering the Data Sync Threshold 
value. 

B.2 WRITE FUNCTIONS 

During write, the WD10COO and WD60C31B must 
write in the M~dia Data Format the following pat
tern: 1) VFO field, 2) Data Address Mark, 3) En
coded RLL Data, 4) Data Resync Marks, and 5) 
Data Postamble. The WD10COO sends a dummy 
VFO pattern that contains the exact number of 
bytes that are written on the disk. The WD60C31 B 
creates the actual high frequency pattern, 
"100100". The WD60C318 continues writing this 
pattern until an AMENA signal is sent from the 
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WD10COO. This AMENA signal is sent with the 
last byte of the dummy VFO. When AMENA is 
received, the VFO is completed at a byte bound
ary and the Data Sync Mark is injected into the 
RLL data stream pulse which initiates the writing 
of the Data Sync Mark. When the WD60C31 B 
inserts the Data Sync Mark or the Rsync Marks 
into the RLL data stream, the RRCLKs are 
paused. This action halts the data byte transfer 
through the WD10COO. In effect, the WD10COO is 
unaware of this pause. This pausing of the 
RRCLKs is also performed during a read opera
tion. The WD10COO sends data bytes, CRC 
bytes, and ECC bytes. An AMENA is sent with the 
last byte of the ECC field. This action ends the 
insertion of the Resync marks into the encoded 
RLL data stream. In addition, 3 bytes of pad 
should be sent after the last byte of ECC. These 
bytes compensate for the WD60C31 B internal 
pipeline structure and closure requirements of the 
last bit of the last byte of ECC. 

B.3 FORMAT OPERATION 

The WD60C31 B is also capable of performing a 
track format operation. This allows the 
WD60C31 B to operate with drives that use either 
prestamped media or nonstamped media. The 
format must conform to the prestamped format 
requirements. The task of formatting the media is 
shared by the WD10COO and the WD60C31 B. In 
general, the WD10COO must 1) keep track of the 
number of bytes that are written on the track; and 
2) inform the WD60C31 B when the special marks 
(sector mark, ID address marks, and Data Sync 
Mark) are to be inserted into the RLL data stream. 
The WD60C31 B is responsible for encoding and 
decoding the NRZ serial data from the WD1 OCOO; 
inserting the special marks mentioned above 
(also Resync Marks), and predicting the next type 
of special mark to be written. 

The general format sequence is as follows: 

1) All special marks are programmed in the 
WD60C31B. 

2) The WD60C31 B is set for Track Format 
(Secondary Configuration Register). 

WD60C31 FUNCTIONS 

3) The drive provides an Index to the 
WD10COO. 

4) The WD10COO raises Write Gate when Index 
is received. The NRZ data transfer begins. 
The first NRZ data bit this sent must be a 1. 

5) Upon receiving Write Gate, the WD60C31 B 
begins writing the first Sector Mark. All sub
sequent sector marks are written when a 
specific number of AMENAs are received. 
The NRZ data from the WD1 OCOO is internal
ly pipelined within the WD60C31 B. When the 
pipeline is full, the . RRCLKs are paused. 
When the writing of the sector mark is com
plete the RRCLKs start again and NRZ data 
encoding begins and is merged into the RLL 
data stream. 

6) The WD60C31 B continues to encode the 
NRZ data until it receives an AMENA. This 
pulse from the WD1 OCOO defines the concur
rent NRZ data byte as the last byte before the 
next special mark. The special mark is in
serted and encoding .continues. RRCLKs are 
restarted. The WD60C31 B keeps track of the 
quantity of AMENAs that are sent:The type 
of special mark to be inserted is based on the 
quantity of AMENA signals received. 

B.4 MODULATION METHOD 

The modulation method used to record all infor
mation on the disk in the formatted areas shall be 
the Run-Length Limiting (RLL) code known as 
RLL2,7. 

CODE CONVERSION 

RLL 2,7 Channel 
NRZ Input Bits Code Bits 

10 0100 

010 100100 

0010 00100100 

11 1000 

011 001000 

0011 00001000 

000 000100 
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8.5 ID VOTING (ON-THE-FLY 10 
VERIFICATION) 

In addition to the previously discussed methods of 
10 read operations, the W060C318 can perform 
ID votin,g. In this mode, the W060C318 detects 
and verifies the validity of the three IDs. The IDs 
undergo the following test. 

• Detection of a valid ID Address Mark byte 
• A successful bit-for-bit comparison of the track 

and sector bytes 
• A successful match of CRC from the drive to 

an internally derived CRC 

If these parameters are met, a single 10 is con
sidered valid. The user can program the number 
of IDs which must be found to satisfy a write or 
read operation. When all conditions are met, the 
W060C318 sends the W010COO a SYNCOET 

WD60C31B 

and an address mark byte of FO on the NRZlline. 
If all conditions are not met, the W060C318 
sends a SYNCOET and an address mark byte of 
FF to the W01 OCOO. 

Track streaming is also supported. This means 
that the internally stored track and sector values 
can automatically be incremented when the 10 
threshold is met. The user must set up three con
ditions. First, the three 10 modes must be 
enabled. Second, the maximum number of sec
tors per track must be set. Third, the track and/or 
sector autoincrement function can be inde
pendently enabled. This function minimizes the 
microprocessor overhead between sector IDs. 
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INTRODUCTION 

1.0 INTRODUCTION 

1.1 ARCHITECTURAL DESCRIPTION 

The WD60C40A peripheral cache manager 
(PCM) is a custom enhancement of the 
WD60C40, and is intended to be a drop-in re
placement for the latter device. The WD60C40A is 
fully compatible with the WD60C40 as far as func
tional and timing requirements are concerned. In 
addition, the WD60C40A provides three new fea
tures: longitudinal redundancy checking (LRC), 
through parity, and an improved slave burst mode 
protocol (WD Bus Mode). 

The WD60C40A peripheral cache manager 
(PCM) can control 1 Mbyte of dynamic RAM and 
the buffering required to allow seemingly simul
taneous access of this buffer by three requestors. 
The three requestors are assumed to be two 
block-oriented devices and a microprocessor. 

The two device interfaces to the dynamic RAM 
are designed to support block-oriented peripheral 
formatter chips, such as the WD1 OCOO Hard Disk 
Formatter, or block-oriented bus interface chips, 
such as the WD33C93A SCSI Bus Interface Chip. 
The implication of block-oriented devices is that 
the devices do not have the capability of randomly 
accessing data within the memory array. This 
restriction allows for the removal of the address
ing pins that are normally associated with an inter
face. The 20-bit address counters that are re
quired to select a byte within the array are now 
incorporated into the WD60C40A. 

The buffer control logic interfaces with an external 
dynamic RAM array and arbitrates the access into 
this array from the three external sources. The 
internal arbitrator in the PCM also includes the 
refresh logic that is internal to the PCM into its 
arbitration mechanism. 

The dynamic RAM memories do not have the ran
dom access bandwidth to sustain multiple high
speed devices. The dynamic RAM memories do 
incorporate a feature known as "page mode" that 
increases their bandwidth to the point that they 
can sustain multiple high-speed devices. The 
dynamic RAMs have a multiplexed address bus 
width the address into the array being divided into 
two parts, a row address and a column address. 
The dynamic RAMs allow a feature that if the next 
access into the array is in the same row (same 
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page), then only the column address must be up
dated from the addressing logic. This scheme car
ries the penalty that a FIFO must be available to 
hold the data to/from the port to ensure that it can 
transfer data in a continuous block when a port 
gains access to the RAM. The PCM incorporates 
16 bytes of FI FO into each of the peripheral ports 
to support the page mode memory architecture. 
This scheme has the advantage that the memory 
bandwidth is increased by a factor of about 75% 
over the random access bandwidth, allowing a 
large buffer memory to be mechanized by inex
pensive dynamic RAMs, but having the perfor
mance characteristics of a static RAM buffer. 

The external dynamic RAM buffer may be eight 
bits or nine bits wide. The depth of the array and 
the organization of the devices that make up the 
array are as follows: 

SIZE ORGANIZATION 

16 KB 2 16Kb x 4 (+ 64Kb x 1 parity) 

64 KB 2 64Kb x 4 (+ 64Kb x 1 parity) 

64 KB 8 64Kb x 1 (+ 64Kb x 1 parity) 

256 KB 2 256Kb x 4 (+ 256Kb x 1 parity) 

256 KB 8 256Kb x 1 (+ 256Kb x 1 parity) 

1 MB 2 1Mbx4 (+ 1 Mb x 1 parity) 

1 MB 8 1Mbx1 (+ 1 Mb x 1 parity) 

Note: The use of static RAM is possible with additional logic. 

In the following description, refer to Figure 1, the 
block diagram of the WD60C40A, and to the ex
ample board environment in Figure 2. A typical 
situation to use as an example of the actions 
within the part is that of a disk controller. In this 
example, port 'B' of the device is connected to a 
bus interface controller (ex. WD33C93A), and port II 
'A' of the device is connected to a disk interface : 
controller (ex. WD10COO). 

The example begins with the assumption that all 
devices are currently active, the refresh time has 
arrived, and the microprocessor is requesting a 
data item. The PCM is currently servicing the 
FIFO that is attached to the device port 'A'. The 
microprocessor is currently at a wait bus cycle 
because of the RDY signal from the PCM being 
inactive. The PCM moves data to/from the 
memory and the port 'A' FIFO until the FIFO is 
full/empty, or the transfer counter of port 'A' is ex
hausted. If during this sequence, the PCM 
detects that a dynamic RAM page boundary .is 
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being crossed, the PCM will update the row ad
dress, and continue the page mode transfer. 
While this action is occuring, any byte transfers 
to/from the other device port are stored in that 
device port's FIFO. When port 'N has finished its 
data transfers, the PCM first services the host 
data request, then the refresh request(s), both of 
which have priority over block transfers. The PCM 
then initiates transfer between the port '8' FIFO, 
and the dynamic RAMs. 

The PCMs priority system when arbitrating is: 

• microprocessor requests 

• refresh requests 

• the higher priority peripheral channel 

• the lower priority peripheral channel 

The control of the peripheral channel priority is 
under firmware control if the channels are peers in 
their capability of sustaining a pause in their trans
fers. If a channel is programmed as 'non
pausible', and the other channel is 'pausible' then 
this channel is given priority in the arbitration 
mechanism, regardless of the other firmware 
priority controls. If the channels are peers, such 
as both being 'pausible' or both being 'non
pausible', then the priority of the channels is con
trolled by firmware selecting one of the channels 
as higher priority through option register 2. See 
also the descriptions of the AHI bit in option 
register 2, and PAUS bits in the channel control 
register. 

Note that arbitration does not occur until the re
questor currently being serviced has completed 
its entire burst. This means that page mode bursts 
between the channels and memory are not inter
rupted by requests from higher priority requestors. 
There are two exceptions to this general rule. The 
first exception is a non-pausible device that is 
selected by firmware as having higher arbiter 
priority. This channel is then allowed an "urgent 
request", when its FIFO is almost exhausted. This 
"urgent request" will send a false end of transfer 
signal through the other port and cause arbitration 
to occur, and this channel will then win arbitration 
if the single cycle devices are not requesting. This 
is done to minimize the occurence of over/under
run errors in high priority non-pausible devices. 
The second exception that causes a burst to be 
halted is for a refresh burst. The refresh request 
occurs at regular intervals (see option register 
section for specific details), but if it is not serviced 
because of a channel burst, then the request is 
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queued into a counter. When four refresh cycles 
have been queued (about 60 J.lsec.), then the "ur
gent request" mechanism will force arbitration, 
and a burst of four refresh cycles will be per
formed. This is done to maintain memory data 
integrity. 

The programmable features of the internal logic 
allow the controller firmware to control and "tune" 
the actions of the PCM. The PCM needs know if 
the devices are capable of being throttled. Most 
devices that attach to peripherals have minimum 
data buffering, so the port logic must be 
programmed to look for overrun/underrun situa
tions when the FIFO is full/empty. Some devices 
that attach to busses or other peripherals that 
have variable data rates, are capable of being 
'stalled' when the FIFO is full/empty, and the port 
logic is capable of holding the port until the FIFO 
is ready. 

The PCM also implements a "pipelined" pointer 
mechanism that allows the programmer to set the 
pointer (buffer address) of the current device 
transfer, and if required, set the pointer of the next 
transfer, while the current transfer is taking place. 
This address is held in the address pointer hold
ing register to be automatically transferred to the 
address pointer at the end of the current transfer. 
If the next transfer's buffer is contiguous with the 
current transfer's buffer, then the address pointer 
"pipeline" need not be loaded, and when the next 
transfer begins the address pointer will continue 
from its current position. This address is therefore 
only necessary if the next transfer is at a memory 
address that is not contiguous with the end of the 
current transfer. The transfer counter is always 
loaded from the transfer counter holding register 
at the start of a new block transfer, but the trans
fer counter holding register need only be reloaded 
if the block size of a transfer needs to be 
changed. When the current transfer finishes, the 
firmware can be interrupted, while the hardware 
continues directly into the next transfer. With this 
mechanism, the firmware now has a block time to 
determine what is to be done when this transfer 
finishes, rather than doing this during the inter
block gap times. If pipelined (ie. continuous) 
transfers are required, then microprocessor action 
is required whenever the pipeline becomes empty. 
If the next transfer is the same size as the current, 
and contiguous in address, then the firmware 
need only issue a new channel start command. 
Alternatively, the firmware can load new values 
into the "pipeline" registers before issuing the 
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start, and dynamically control the transfer size 
and buffer location. The firmware can poll the 
status or wait for an interrupt (if enabled) to indi
cate that the holding registers are available. 

The device channels are mechanized with eight 
or nine data lines, and five control/handshake 
lines. Four control signals are programmable to 
allow interfaceing to multiple types of device con
troller chips. Features such as the master/slave 
relationships between the PCM and the external 
peripheral controller, the polarity and timing of the 
signals that do the handshake, input/output con
trol direction, and the mode that the control lines 
emulate are all programmable. 

1.2 FEATURES 

• 5 Volt only operational power. 

• 1.25 micron CMOS for low power 
consumption. 

• 84 pin JEDEC PLCC or 84-pin JEDEC POFP 
packages. 

• Supports dynamic memory configurations 
from 16 KB to 1 MB. 

• Supports static memory configurations. 

• Supports parity on the memory array. 

• Supports parity on peripheral ports. 

• Supports parity pass-through (parity is passed 
through a device with the data and not 
regenerated at the device's outputs). 

• Supports longitudinal redundancy checking 
(LRC) on peripheral ports and FIFOs. 

• Aggregate memory bandwidth of greater than 
9.0 Mbytes/sec, using industry standard 100 
ns. dynamic RAMs. 

• Supports two peripheral channels. 

• High Speed Channels support peripheral data 
rates of: 

6.25 Mbytes/sec as bus master with 25 
MHz input clock, the maximum data rate is 
input clock divided by 4. 

10.0 Mbytes/sec as bus slave, with 25 MHZ 
input clock, the maximum data rate is input 
clock divided by 2.5. 

• Programmable configuration of device 
channel interface. 

WD60C40A 

• Internal FIFOs on peripheral channels. 

• Supports independant transfers on both 
peripheral ports and microprocessor 
simultaneously. 

• Large memory allows peripheral controllers to 
be implemented that "decouple" the host and 
disk transfer rates, maintaining 1:1 disk 
interleave regardless of host transfer rate. 

• Provides "minimum chip count" solution for 
mechanizing a peripheral cache controller. 

• Supports high-speed microprocessor bus 
cycles, such as Intel* 80186 or 80188 
processors running at 12.5 MHz (no wait state 
required when accessing the PCM registers). 

1.2.1 Longitudinal Redundancy Checking 

Both channels must operate as the bus master 
when using the LRC feature. LRC generation and 
checking takes place between the channel data 
bus input and output buffers and the channel 
FIFO. The LRC calculations do not include the 
parity bit. Refer to Section 4.12 for more informa
tion. 

1.2.2 Through Parity 

Parity is passed through the chip with the data 
and not regenerated at the chip's output. This 
makes it possible to chain "send status" in the 
WD33C93A. 

1.2.3 Western Digital Bus Mode 

The slave burst DMA protocol is modified in order 
to use the pipelining capability of the WD60C40A II 
with the SBIC. As the WD60C40A nears the end : 
of a burst, it switches to a single-byte transfer 
protocol to avoid over/under-flowing the FIFO. In 
the old implementation, the WD60C40 waits to 
deassert DRO when both DACK and the _RD or 
_WR strobe is asserted. This may result in the 
SBIC sending two bytes instead of just one. The 
WD60C40 will be confused if the SBIC sends two 
bytes on the last request. The new implementa-
tion fixes this by having the WD60C40A deassert 
DRO upon the assertion of DACK, thus guaran
teeing that the SBIC sends only one byte. 
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2.0 PIN DESCRIPTION 

PIN NUMBER MNEMONIC SIGNAL NAME 

1,22,30,43, Vcc +5 Volt power supply connection 
56,64 

2,11,21,23, GND Ground power supply connection 
29,42,44,57, 

63,65,75 

3 thru 10 ADOthru AD7 IIJ.P ADDRESS/DATA BUS 
12 thru 19 DBBO thru DEVICE BUS B DATA 

DBB7 

20 DBBP DEVICE BUS B PARITY BIT 

24 CSB CHANNEL SELECT B 

25 DRQB DEVICE PORT B CYCLE REQUEST 
26 DACKB DEVICE PORT B CYCLE ACKNOWLEDGE 

27 BRD DEVICE PORT B READ STROBE 

28 BWR DEVICE PORT B WRITE STROBE 
31 thru 38 RB7 thru RBO DYNAMIC RAM DATA BUS 

39 RBP DYNAMIC RAM PARITY BIT 
40 WIWE DYNAMIC RAM WRITE/STATIC RAM WE 

41 CAS/OE DYNAMIC RAM CAS/STATUS RAM OE 

45 RAS RAM ROW ADDRESS STROBE 

46 thru 55 BA03 thru BA9 RAM ADDRESS BUS3 

58 AWR DEVICE PORT A WRITE STROBE 

59 ARD DEVICE PORT A READ STROBE 

60 DACKA DEVICE PORT A CYCLE ACKNOWLEGE 
61 DRQA DEVICE PORT A CYCLE REQUEST 

62 CSA CHANNEL SELECT A 

66 DBAP DEVICE BUS A PARITY BIT 

67 thru 74 DBA7 thru DEVICE BUS A DATA BUS 
DBAO 

76 CLK CLOCK 

77 RST RESET 
78 CS uP BUS CHIP SELECT 

79 WR uP BUS WRITE CYCLE STROBE 

80 RD uP BUS READ CYCLE STROBE 

81 ALE uP ADDRESS STROBE 
82 PINT luP INTERRUPT REQUEST 

83 RDY I IlP WAIT CONTROL 
84 RBIAS5 RESISTOR BIAS5 

NOTES: 

1 1= WD60C40A bus master mode. 0 = WD60C40A bus slave mode 

2 1= WD60C40A bus slave mode. 0 = WD60C40A bus master mode. 

3 BAO is the LSB. 

4 Open drain output 

TABLE 2-1. PIN DESCRIPTIONS 
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3.0 NON-CHANNEL REGISTERS 
The PCM was intended for use with the Intel 
80186 processor and as such has been designed 
to interface easily with the 16-bit data bus of that 
processor. This is not to say that it cannot easily 
attach to other 8-bit or 16-bit microprocessors like 
Intel 8085, 8051, or 8096. The main requirement 
is that it be supplied with a multiplexed ad
dress/data bus with A7 to AO multiplexed with 07 
to DO in that order. 

As the PCM has only an eight bit data bus and it 
was decided not to handle the BHE signal, there 
are certain characteristics of the PCM that need 
explaining. First, all internal registers appear on 
even and the following odd byte address. This is 
because address signal AO is not used inside of 
the PCM. The order of the registers was also ar
ranged so that they appear in the order that they 
would normally be programmed. This allows the 
PCM to be attached to the 80186 and string move 
operations used to allow the fastest possible han
dling of loading the PCM. 

Finally, the registers associated with the operation 
of the PCM itself do not decode the signal A7 so 
that they appear in both halves of the register 
map, facilitating an easier modulization of the driv
ing firmware. Only the even addresses of the 
registers will be shown. Refer to pages 10 through 
35 for a summary of all the non-channel registers. 

3.1 OPTION REGISTER 

Address = 60H or EOH 
Read/write register 

7 1 6 I 5 1 4 
MPAR I CAW 1 I CAWO 1 SRAM 

The option register is a read/write only register to 
the firmware. The bits represent settings of op
tions that must be selected to match the board 
design. There is the facility to read option 
switches and allow the firmware to assertain the 
hardware configuration in user 'adjustable' im
plementations. This register should be the first 
written after a reset sequence, and should not be 
written to thereafter unless another reset se
quence has occurred. 

I 
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3.1.1 RRC3 Through RRCO Refresh Rate 
Count Field 

The refresh rate count field indicates to the PCM 
the prescale count to use for determing the 
refresh rate of the dynamic RAMs. The value of 
the refresh rate count field is effectively multiplied 
by 32, then subtracted from 512 to determine the 
number of clocks that will occur between refresh 
cycles. The value of this field is dependent upon 
the frequency of the PCMs clock. The following 
table shows the relationship of clock frequency, 
and refresh rate count field values, to produce 
15.6 microsecond refresh cycles (for standard 128 
cycle 2 ms. dynamic RAMs). 

Field Cycle Freq. Range' Refresh Intrvf 
Value Count Low High Low High 

12 128 8.2 10.2 15.6 12.5 
11 160 10.4 12.2 15.4 13.1 
10 192 12.4 14.2 15.5 13.5 
9 224 14.4 16.4 15.6 13.7 
8 256 16.6 18.4 15.4 13.9 
7 288 18.6 20.4 15.5 14.1 

6 320 20.6 22.4 15.5 14.3 
5 352 22.6 24.4 15.6 14.4 

1 Frequency ranges are in MHz. 
2 Refresh intervals are in I1s. 
NOTE: 
The other field values are valid but are unlikely to be useful to 
the customer. 

3 I 2 I 1 I 0 
RRC3 I RRC2 I RRCl I RRCO 

3.1.2 SRAM Static Ram Mode (bit 4) 

The Static Ram Mode bit informs the PCM that 
the memory array is composed of static RAMs. 
When the bit is set, the PCM is in static RAM 
mode. This changes the signals that the PCM 
uses to access the memory array. Because of the 
multiplexed address bus of dynamic RAMs, it will 
be necessary for an external latch to be added to 
demultiplex the address lines. In addition, external 
address decoding will be necessary to expand the 
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RAM to the full addressable capability. To assist in 
this, two of the RAM control signals change when 
the static RAM bit is set. First, the RAS signal is 
used to control the external latch that is to demUl
tiplex the address, when a valid row address is 
available on BAS to BAO. RAS is intended to drive 
the clock input of a 74F373 type octal Ootype 
latch, there is a direct analogy to the operation of 
dynamic RAMs at this point, with the exception 
that the row address latch is external to the 
memory devices. Secondly, static RAMs also 
have different read and write characteristics to 
dynamic RAMs. In dynamic mode, the W signal, 
signals the RAMs that a write cycle is about to 
occur, with the actual write action being generated 
by the falling edge of the CAS signal. This is 
known as early write mode. A read would occur if 
the CAS signal went active (low) with the W signal 
inactive (high). In static mode, the Wand CAS 
signals change to support the separate WE and 
OE signals of static RAMs. In static mode, the 
CAS becomes the OE signal, still being active low 
but it will only occur on RAM read cycles, having 
the same shape and timing as for dynamic RAM 
cycles. The W signal becomes the WE signal, still 
being active low and only occuring in write cycles, 
but of a shape and timing similar to the CAS/OE 
signal. Finally, the arbitration logic no longer 
receives refresh requests as the static RAMs re
quire no refresh, of course. At this stage it should 
be noted that the static RAM configuration is still 
liable to the row change overhead, when a row 
boundary is crossed during a burst of data cycles 
between the peripheral port FIFO and the 
memory. 

The PCM is initialized to a special state at power 
up to ensure that there is no activity on the RAM 
control pins. This feature is used in the "power 
start" of the dynamic RAMs, which need to be left 
for a minimum time after power up. Please refer to 
the "Reset Sequences" section of this document 
for a description. 

3.1.3 CAW1, CAWO Column Address Width 
Field (bits 6,5) 

The column address width field informs the PCM 
the type of RAM array that it is dealing with. The 
PCM uses the field to control the address mUlti
plexer to the RAMs, and to determine the page 
mode boundaries of the RAMs. When a new page 
is detected, then the PCM executes a new RAS 
cycle, RAS goes inactive to precharge the RAS 

WD60C40A 

signal and then RAS goes active to latch the new 
row address and establish access in the new 
RAM page. 

This field has no affect if the SRAM bit (bit 4) is 
set. When the SRAM mode is in effect, the PCM 
is forced to the ten bit column address mode. 

00 = 10-bit column address (1 meg DRAM). Bits 
19 - 10 are the output on BA9 - BAa during RAS 
time. Bits 9 - a are the output on BA9 - BAa during 
CAS time. 

01 = 9-bit column address (256K DRAM). Bits 1S 
- 9 are the output on BA9 - BAa during RAS time. 
Bits S - a are the output on BAS - BAO during CAS 
time. 

10 = 8-bit column address (64K DRAM). Bits 17 -
S are the output on BA9 - BAa during RAS time. 
Bits 7 - a are the output on BA7 - BAa during CAS 
time. 

11 = 6-bit column address (16K DRAM). Bits 15 -
6 are the output on BA9 - BAa during RAS time. 
Bits 5 - a are the output on BA5 - BAa during CAS 
time. 

3.1.4 MPAR = Memory Parity Enable (bit 7) 

The parity enable bit informs the PCM that the 
memory array has a parity bit attached. When the 
bit is set, the PCM generates odd parity (the sum 
of all one bits including the parity bit will be an odd 
number) on memory writes, and checks parity on 
memory reads. If there is even parity on a 
memory read, the PCM will cause a parity error 
interrupt in the appropriate status register. When 
the bit is reset, the PCM will not generate parity .. 
on a write, or check parity on a read .. The : 
microprocessor firmware can use this bit to test 
the parity logic of the PCM, when there is parity 
memory. When the parity enable bit is reset, the 
RBP pin of the PCM will be at a logic one level 
during a write cycle. 
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3.2 OPTION REGISTER 2 

Address = 62H or E2H 
Read/write register 
The option register 2 is initialized to zero by the PCM reset sequence 

7 L 6 I 5 I 4 
0 I 0 I NOWAIT I WAITE 

3.2.1 AINTE A Channel Interrupt Enable 

The A channel interrupt enable bit allows inter
rupts from the "A" peripheral channel to exit the 
PCM by way of the PINT pin. This allows the 
programmer the capability to selectively disable 
interrupts from this channel while still allowing 
PCM interrupts from the other PCM resources. 
This bit only affects the transmission of the chan
nels interrupt to the PINT pin, and does not affect 
the operation of any of the channels interrupt 
enables, or interrupt status flags. 

3.2.2 BINTE B Channel Interrupt Enable 

'A'CHANNEL 'B'CHANNEL AHI 
PRIORITY 

Non-pausible Pausible X A Channel 
Pausible Non-pausible X B Channel 
Non-pausible Non-pausible 1 A Channel 
Non-~ausible Non-pausible 0 B Channel 
Pausible Pausible 1 A Channel 

This bit performs the same function as AINTE, but 
for the "B" channel. 

3.2.3 WAITE Wait Enable 

This bit is the master enable for any PCM wait 
condition to exit the PCM by the ROY pin. This 
allows the programmer the capability to selective
ly disable the ROY pin from the PCM. This bit only 
affects the transmission of the wait to the ROY 
pin, and does not affect the operation of any of 
the PCM wait sequences, or status. 

I 
I 

3 J 2 l 1 J 0 
AHI I INTE I BINTE I AINTE 

3.2.4 NOWAT Non-waitable Microprocessor 
Interface (bit 5) 

The "non-waitable" bit is used to distinguish to the 
PCM that the microprocessor or board design 
does not support the ROY function to extend bus 
cycles. This bit controls how the PCM performs 
accesses to the data buffer and programmed I/O 
to the peripheral ports. This bit is reset by the 
PCM reset sequence. 

When this bit is a zero, the PCM is to be used in a 
board with multiple devices sharing the 
microprocessor ready signal. The internal "ready" 
status of the PCM is gated with the CS signal, so 
only when the PCM is selected does it drive ROY. 
When the microprocessor accesses the data buff
er or the peripherals for programmed I/O, the 
PCM asserts ROY low to halt the bus cycle until it 
can perform the access. The PCM uses the lead
ing edge of the data strobe to trigger the access, 
and if the firmware is writing data, then there is a 
specified time from the leading edge of the strobe 
that write data must become available within. 
When the access is complete, the PCM deasserts 
the ROY signal and allows the bus cycle to finish. 

When this bit is a one, the PCM is used in a 
configuration with a microprocessor that does not 
support wait states, and the ROY signal is normal
ly used as a status signal to a microprocessor's 
PIO input pin and polled by the firmware, or the 
internal status of the ROY pin is polled through 
the PCM task file register. In this configuration, 
the PCM does not gate the CS signal with the 
internal ROY status, so the ROY status is avail
able continuously. The PCM uses the trailing edge 
of the strobe to trigger the access, and as such 
there is no timing requirement on the write data 
from leading edge of strobe. 
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3.3 MASTER STATUS REGISTER 

Address = 64H or E4H 
Read/write register 

7 I 6 I 5 I 4 
ONR I 0 I 0 I PRNR 

3.3.1 AINTR Channel A Interrupt Request 
Read only bit 
BINTR Channel B Interrupt Request 
Read only bit 

Setting AINTR (BINTR) indicates that the channel 
detected a situation requiring microprocessor ac
tion. The normal use of the interrupt is that the 
channel has completed an operation. The inter
rupt bit does not indicate if the operation was 
completed successfully, or if it terminated be
cause of an error. The channel interrupt bit for 
each channel resets when the microprocessor 
clears all the interrupting states in the particular 
channel status register. This bit represents the 'or' 
function of all the interrupt conditions in the chan
nel. 

3.3.2 PPE Processor Parity Error 

The processor parity error bit is set when a buffer 
read operation from the microprocessor interface 
resulted in a parity error. The bit is reset by the 
writing a one to the PPE bit. Writing a zero to PPE 
does not affect this bit. 

3.3.3 BANR Buffer Access Not Ready 
Read only bit 

The PCM "buffer access not ready" status bit is 
used to signal the microprocessor that the PCM is 
currently performing an access of the buffer and 
the registers that are associated with the buffer 
are not available. When the access is complete, 
this bit will be reset. See also the "ONR" bit in the 
master status register. 

3.3.4 PRNR Power Reset Not Ready (bit 4) 
Read only bit 

The PCM "power reset not ready" status bit is 
used to signal the microprocessor that the PCM is 
currently performing a power on reset sequence, 
or a programmed reset sequence, and all 

I 
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3 I 2 I 1 I 0 
BANR I PPE I BINTR I AINTR 

registers in the PCM except this register are not 
available. When the reset sequence is complete, 
this bit will be reset. See also the "ONR" bit in the 
master status register. 

3.3.5 DNR Device Not Ready (bit 7) 
Read only bit 

The PCM "device not ready" status bit is used to 
signal the microprocessor that the PCM is current
ly performing a task that does not allow access to 
some resource in the PCM. The bit is essentially a 
logical 'or' of four conditions. in the device that 
require multiple clock times to resolve themsel
ves. The conditions are: 

• the buffer manager reset sequence 

• the microprocessor access of the buffer 
memory 

• the microprocessor access of either of the 
peripheral ports for programmed 110. 

When the power is applied to the PCM, or 
firmware issues a soft reset, the bit sets indicat
ing that all internal registers except this register
are inaccessable. This bit will then reset when the 
PCM has completed its reset sequence. The 
"PRNR" bit in the master status register will also II 

" reflect this condition. 

When the microprocessor accesses either of the 
peripheral ports for programmed 110, or the 
microprocessor accesses the data buffer, the 
"device not ready" will reflect the status of the 
ROY pin of the PCM. This feature allows the 
firmware to 'poll' the PCM during these accesses 
when the board design or the microprocessor 
does not support the ROY function in hardware. 
The three accesses that cause this bit go to true 
are all independent, and can be occuring simul
taneously. Because of the 'or' mechanism the bit 
will be false only when all accesses have com
pleted. 
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When the microprocessor interface does support 
the ROY function, then there is no need to check 
this bit after the PCM has completed its reset se· 
quence. When this bit is set because of ROY, the 

3.4 BUFFER DATA LATCH 

Address = 68H or E8H 
Readlwrite register 

7 I 6 I 5 I 4 
BOL7 I BOL6 I BOLS I BOL4 

The buffer data latch register holds the data last 
transferred between the microprocessor and buff
er. The register is in the task file address space, 
so access of the register does not cause ROY to 
go false (no wait states). Access of the buffer data 
latch not cause the triggering of a buffer access. 

3.5 MICROPROCESSOR ADDRESS POINTER 

Address = 6EH or EEH (MP19 - MP16) 
6CH or ECH (MP15 - MP08) 
6AH or EAH 9MP07 - MPOO} 
Read/write register 

7 6 5 
0 0 0 

MP15 MP14 MP13 
MP07 MP06 MP05 

MP19 through MPOO Microprocessor 
Address Pointer 

4 
0 

MPM12 
MP04 

The Microprocessor Address Pointer is a 20-bit 
register/counter that supplies the address lines to 
the buffer memory when the microprocessor is re
questing a buffer data access. These registers 

I 
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microprocessor is still in a wait state while the 
specific access is performed, and when the 
microprocessor is released from the wait state, 
then this bit is known to be reset. 

3 I 2 I 1 I 0 
BOL3 I BOL2 I BOU I BOLO 

The register is used when the board or 
microprocessor does not support the ROY func
tion in hardware. Refer to the buffer access 
register description for specific details of the inter
action of this register and the Buffer Access 
Register. The register is also useful for diagnostic 
purposes to test the PCM internal data path be
tween the microprocessor and the internal task 
file. 

3 2 1 0 
MP19 MP18 MP17 MP16 
MP11 MP10 MP09 MP08 
MP03 MP02 MP01 MPOO 

may be read or written when the "BANR" bit in the 
master status register is reset, to show or set the 
current RAM window. If the microprocessor ac
cesses the buffer through the Autoincrement Ac
cess Register, then this pointer will increment 
after the access has been performed. 
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3.6 TEST ADDRESS AND STATUS REGISTER 

Address = ?8H or F8H 
Read/write register 

7 I 6 I 5 I 4 
TAS? I TAS6 I TAS5 I TAS4 

The Test Address and Status register is a window 
into the internal logic of the PCM to allow greater 
visibility of the internal functioning of the device, 
and therefor greater test comprehensiveness. 

The PMC contains an address register that can 
be loaded when a microprocessor write to the 
Test Address and Status Register occurs. This al
lows the selection of several internal registers and 
counters, and state machine registers, and the 
subsequent display of their content by reading 
this location. 

I 
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3 I 2 I 1 I 0 
TAS3 I TAS2 I TAS1 I TASO 

This location also interacts with the Reset and 
Test register to invoke the test functions. Specifi
cally there is an interlock so that test mode is 
more difficult to invoke, and less prone to be 
enabled accidently. The sequence to enable test 
mode is to write 80H to this register when all the 
test bits in the Reset and Test register are zero. 
This must be followed with a. write to the Reset 
and Test register with the selected test mode (the 
soft reset bit must be zero). Then write FOH to this 
register. Once this procedure has been executed, 
then write the test address to this location, and 
read this location to view the desired internal 
status. When test mode is invoked, the only way 
to restore normal operation is to issue a soft reset, 
or assert the RST pin. 
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3.7 RESET AND TEST REGISTER 

Address = 7AH or FAH 
Write only register 

7 I 6 I 5 I 4 
SWRST I a I BRST I ARST 

The Reset and test register allows a software 
reset of the PCM device. It is important that, 
during the normal operation, the value written to 
this register is 80H. This register is also used for 
setting test modes and a value in this register 
other than 80H causes the PCM to behave unpre
dictably to the user. The actions that occur when 
the register is written with 80H are identical to 
those that occur during power up, and the reset 
sequences that are described in the reset se
quences section. This register is register is initial
ized to OOH when either the reset input pin (RST) 
is asserted, or the software reset function is in
voked. 

3.7.1 MTPAF Microprocessor to Port A 
FIFO Test (bit 0) 

The microprocessor to port A FIFO test is used to 
verify the integrity of the internal data paths 
from/to the port FIFO, and to allow testing of the 
FIFO data cells. When this bit is set, the memory 
controller sets the data path from the memory 
side of the port FIFO to the buffer access register 
in the microprocessor section. The port should be 
in loopback mode, and when the microprocessor 
writes or reads the buffer access register the data 
will be transferred from/to the port FIFO instead of 
the external memory. Specifically, if the port has 
the DIR bit set so that data is to go from memory 
to the peripheral, then the microprocessor would 
write to the buffer access register, and the data 
would be read back from the FIFO through the 
channel data latch in loop back mode. The 
reverse direction has the microprocessor writing 
to the channel data latch, and reading the resul
tant data in the buffer access register. 

3.7.2 MTPBF Microprocessor to Port B 
FIFO Test (bit 1) 

This is identical to bit a but uses the B channel. 

I 
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3 I 2 I 1 I 0 
TSMEM I CNTRT I MTPBF I MTPAF 

3.7.3 CNTRT Counter Test Mode (bit 2) 

When this bit is set, the 16 and 20 bit counters will 
be divided along 4 bit boundaries, and the carry 
input to these boundaries will be forced true. The 
example is of the Buffer Address Pointer, if it is 
initially set to 12345H, when an access through 
the autoincrement access register is made, the 
counter will contain as its next value 23456H. The 
counters affected by this bit are: 

• port A address pointer 

• port A transfer counter 

• port A EDAC idle counter 

• port B address pointer 

• port B transfer counter 

• port B EDAC idle counter 

• buffer address pointer 

• refresh address counter. 

3.7.4 TSMEM Tristate Memory Interface 
(bit 3) 

When this bit is set the control signals to the 
memory interface are forced to a tristate mode, to 
allow testing of the memory devices by an exter
nal test machine. 

3.7.5 ARST A Channel Reset (bit 4) 

When written with a one causes the 'A' Channel to 
receive a reset. This reset does not affect the 
memory controller, or the other peripheral chan
nel. The reset is removed when a zero is written 
into the bit, or a PCM reset sequence is initiated. 
When a channel is receiving a reset it will have its 
PNRA bit in its Channel Status Register set. 
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3.7.6 BRST B Channel Reset (bit 5) 

This is identical to bit 4 but resets the 'B' Channel. 

3.7.7 SWRST Software Reset (bit 7) 

When written with a one causes initiation of the 
PCM reset sequence. This bit is self resetting 
when the PCM completes the reset sequence 
(denoted by the PRNR bit in the master status 
register being cleared), and initiates the PCM 
reset sequence on the trailing edge of the write 
strobe of this register. 

3.8 BUFFER ACCESS REGISTER 

Address = ?CH or FCH 
Read/write register 

7 I 6 I 5 I 4 
BAR? I BAR6 I BAR5 I BAR4 

The Buffer Access Register is the window that the 
microprocessor uses to load/store data to/from 
the buffer memory. The microprocessor address 
pointer supplies the address to/from which the 
RAM transfer will be made. 

When the microprocessor and board design sup
port the ROY function in hardware, (the NOWAT 
bit is zero), then this register passes the data 
through to/from the microprocessor and buffer. 
The leading edge of the microprocessors read or 
write strobe causes a "not ready" signal to the 
microprocessor, holding this state until memory 
arbitration and the actual data transfer has been 
accomplished. When the transfer is complete by 
ROY going true, then the cycle will end and the 
task is complete. There is no need of the buffer 
data latch when using the PCM in this mode. 

In the case where the ROY function is not sup
ported in the hardware, (the NOWAT bit is one), 
then the firmware must perform a program se
quence to complete a transfer. If the microproces
sor is writing data to the buffer, then it will write to 
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3 I 2 I 1 l 0 
BAR3 I BAR2 I BAR1 L BARa 

this register and data will be latched along with 
the fact it is a write. The trailing edge of the strobe 
will cause the PCM to request arbitration for the 
buffer. The firmware is free at this time to perform 
other tasks, or poll the "ONR" status bit or the 
"BANR" in the Master Status Register, or poll the 
PCM ROY pin. When the access is complete then 
"not ready" will go false, and the firmware is again 
allowed to access the buffer. 

If the microprocessor desires to read the buffer, 
then it must first read this register and discard the 
data. This action is only used to initiate the arbiter 
request, and latch the fact it is a read access. The 
trailing edge of the strobe will cause the buffer II. 
access to initiate. When the "not ready" condition 
goes false, then the data that was fetched is avail-
able in this register, and also in the Buffer Oata 
Latch. Note that reading the Buffer Data Latch 
does not cause a "not ready" condition, or perform 
another access of the buffer, where if data is read 
from this register then another access will be in-
itiated. 
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3.9 AUTOINCREMENT ACCESS REGISTER 

Address = ?E or FE 
Read/write register 

7 I 6 I 5 I 4 
BAR? I BAR6 I BAR5 I BAR4 

The autoincrement data register performs the 
identical function of the buffer access register with 
the added feature that at the end of the data 
transaction, the microprocessor address pointer 
increments to the next address. 

If the firmware desires to read or write a small 
block of data in the buffer, then access through 
this register will simplify the programming se
quence. When the PCM is in the "waitable" 
microprocessor mode, then firmware need only 
continuously read or write data through this 
register. The transfer of data to/from the buffer 
occurs while the microprocessor is in a wait state, 
and the incrementing of the Microprocessor Ad
dress Pointer occurs in the intervening time be
tween consecutive microprocessor bus cycles. If 
the PCM is in the "non-waitable" microprocessor 
mode, then firmware must poll the "not ready" 
status between accesses of this register. In this 
mode when reading a string of bytes from the 
buffer, if the last byte is accessed from this 
register, then another buffer access will occur, and 
the address pointer will be incremented. If this is 
not desired, then the last byte read from the buffer 
should be read from the buffer data latch instead 
of from this register. 
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3 I 2 I 1 I 0 
BAR3 I BAR2 I BAR1 I BARO 

The autoincrement access register is intended for 
use when small blocks of data are to be moved 
to/from the buffer while both ports are transferring 
data. If a large amount of data is to be moved 
to/from the microprocessor it is suggested that 
one of the ports be used in loopback mode, to 
achieve the maximum data transfer rate. 
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4.0 DEVICE CHANNELS 

Channel A Address = 40H 
Channel B Address = COH 
Read/write register - not pipelined 

7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 
LPBM I PPE I OKPL L RQPL 1 SOTC L OLY 1 SC1 J sco 

NOTE: There is an A or B appended to each bit name corresponding to the appropriate channel. 

There are two device channels that the PCM con
trols. The channel registers are independent and 
identical across the two channels. Within the PCM 
the channels appear as 64-byte memory spaces 
in the chips total address space of 256 bytes. The 
channels are referred to as A, and B, with channel 
A being the 64 bytes of address space from OOH 
to 3FH, channel B being the 64 bytes of address 
space from 80H to BFH. Because the devices at
tached to the channels get their address lines (if 
necessary) directly from the microprocessor bus 
the even only address characteristic of the inter
nal registers does not apply. 

The registers that control the channels, are in the 
32 bytes of address space that immediately follow 
the respective channels address space. The 
registers for channel A are in the address space of 
40H to 5FH. The registers for channel B are in the 
address space of COH to OFH. As these registers 
are internal, the odd addresses in the channel's 
respective address blocks are just a ghost image 
of the registers at the even addresses. 

When the controller firmware accesses a register 
that controls a channel, the microprocessor will 
not have to wait for access, because these 
registers are all within the PCM chip, and are al
ways available for immediate access. When the 
controller firmware accesses a register in a device 
on a channel, the PCM must evaluate the state 
and mode of the channel to determine if access of 
the register is possible. If the PCM is the bus 
master, then it will arbitrate the access of the 
channel, and will insert wait states for the 
microprocessor. The number of wait states for this 
access is dependant upon both the strobe timing 
of the channel, and the arbitration time of the 
channel. If the PCM is in slave mode it will not 
attempt the access but cause an I/O error inter
rupt and status to occur. 

The channels function is to allow access between 
a peripheral device and the data buffer. The char
acteristics of any transfer have both fixed and 
variable components. The fixed components are 
associated with the peripheral device and the 
hardware that will perform the transfer. These 
components are set at the beginning of the total 
transfer, and do not vary for the duration of the 
transfer. The variable components of the transfer 
are associated with the data buffer itself, and the 
arrangement of data, and the ·firmware control of 
the data. The fixed components are not 
'pipelined', and are set by firmware at the start of 
a (group of) transfer(s). 

The channel 'pipeline' mechanism allows firmware 
to control the data buffer on the fly. In applications 
where the firmware is attempting to either control 
a ring buffer or a cache, the mechanism allows 
the firmware to 'look ahead' to its next operation. 

The registers have been organized in the order in 
which they would normally be programmed. It is 
especially important to ensure that the timing 
register is set up before the control register. 

4.1 CHANNEL TIMING REGISTER 

The channel timing register is used to control 
hardware actions that occur during a transfer to 
the external device. The action the register per
forms is that of controlling the pulse timing on the 
channel when the PCM is the bus master. This 
allows peripheral devices of various timing char
acteristics to be interfaced to the PCM. The 
register also defines to the channel logic specific 
characteristics of the external peripheral device, 
such as its handshake signal polarities, and parity 
capability. 

05107191 28-17 

.. 



WD60C40A 

The firmware is only allowed to write to the chan
nel timing register when the channel is idle. The 
channel state machine will set the I/O error bit in 
the channel interrupt status register if the channel 
timing register is written while the channel is busy. 

All bits in the register are cleared by the reset 
sequence. 

4.1.1 SCO(1)A (SCO(1)B) Channel Strobe 
Control Field 

The channel strobe control field is a two bit field 
that is used to control the width of the read and 
write strobes to the peripheral devices when the 
channel is in modes where the PCM is the bus 
master (DMA), or when doing PIO operations. 
The width of the strobes is programmable by set
ting the field. When the PCM is doing DMA 
cycles, for values of 0,1,2,3 the strobes will be 
2,4,6,8 clocks wide respectively. When the PCM 
is doing PIO cycles, for values of 0,1,2,3 the 
strobes will be 4,6,8,10 clocks wide respectively. 

4.1.2 DLYA(DLYB) Delay Strobe Bit 

Normally, the CS and DACK si9[@ls go active two 
PCM clock before the RD or WR signals. When 
this bit is set, this period is extended by 2 PCM 
clocks. The primary use of this feature is for exter
nal decoding logic if multiple peripheral devices 
exist on the channel. 

4.1.3 SDTCA (SDTCB) Strobe Deasserted 
Time Control Bit 

This bit is relevant when the PCM is the bus 
master and in burst data transfer mo®.,..then this 
bit is used to control the time that the RD and WR 
~nals are deasserted. When this bit is zero, the 
RD and WR strobes will be deasserted for two 
PCM clocks durin9..E...data burst. When this bit is 
one, the RD and WR signals will be deasserted 
for 4 PGM clocks during a data burst. 

4.1.4 RQPLA (RQPLB) DMA Request Polarity 
Bit 

This bit controls the polarity of the PCM port DRO 
pin. When this bit is set the PCM will consider the 
DRQ pin as active high. This is true whether this 
pin is receiving the request when the PCM is bus 
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master or transmitting the request when the PCM 
is bus slave. 

4.1.5 DKPLA (DKPLB) DMA Acknowledge 
Polarity Bit 

This bit controls the polarity of the PCM port 
DACK pin. When this bit is set, the PCM will con
sider the DACK pin as active high. This is true 
whether this pin is transmitting the acknowledge 
when the PCM is bus master or receiving the ac
knowledge when the PCM is bus slave. Note that 
both the above situations occur when EDAC 
redundancy byte counting is enabled. 

4.1.6 PPEA (PPEB) Port Parity Enable Bit 

The device port can be optionally set to check the 
parity on transfers to the PCM from the peripheral 
device. Odd parity is supported and is generated 
when this bit is set. When this bit is set, all reads 
(data going. into PCM) of the device channel by 
the PCM (either as master or slave) will result in 
parity checking being done, and interrupts being 
generated if even parity is detected. It should be 
noted that ALL transfers, including programmed 
110, are checked if this bit is set. When the PPE 
bit is reset, the port parity bit will be at a logic one 
level when data is transferring from the PCM to 
the peripheral device. 

4.1.7 LPBMA (LPBMB) Loop Back Mode 
Enable 

The purpose of this bit is to enable the 
microprocessor to use the FIFO to speed block 
transfers between the microprocessor and the 
buffer RAM. When set, this bit paths the channel 
data latch to the FIFO. It inactivates the outputs of 
the channel (CS, DACK, DRO, WR, RD, and data 
bus). The microprocessor will appear to the chan
nel as an external device and the channel will 
appear as if in slave mode. More explicitly the 
loopback mode sets the channel to a state of a 
non-pausible slave mode. In this state the 
microprocessor can transfer data to/from the FIFO 
at its maximum speed with the channel monitoring 
the FIFO for overrun/underrun conditions. The 
channel mode bits in the Channel Control 
Register need not be changed, but the Direction, 
and Interrupt Enable bits need to be programmed 
as if programming for an external transfer. In all 
other channel registers programming is as if for a 
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normal external transfer, with the normal pipeline 
mechanisms in operation. Note the Direction bit 
in the Channel Control Register still needs to 
reflect the direction of transfer to/from an external 
device. As such the direction bit is SET for a 
transfer from the buffer to microprocessor (similar 
to a peripheral write command), though the 
microprocessor issues READ cycles to access 
the FIFO data. 

4.2 CHANNEL CONTROL REGISTER 

Channel A Address = 42H 
Channel B Address = C2H 
Read/write register - not pipelined 

7 1 6 1 5 I 4 
SLAV I BRST 1 DISK I EDAC 

WD60C40A 

I 3 1 2 I 1 I 0 

I PAUS I DIR I IVE I IBE 

NOTE: There is an A or B appended to to each bit name corresponding to the appropriate channel. 

Where the Timing Control Register sets the physi
cal environment of the interface with the external 
device, the Channel Control Register sets the 
logical environment of the interface. The register 
contains two types of parameters about the trans
fer being programmed. The high order five bits 
are used to identify the logical protocol that the 
PCM is going to use to interface to the external 
device. The low three bits are used to set a 
firmware environment to control the manbage
ment of the transfer direction and interrupts 
desired. 

The firmware is only allowed to write to the 
chanbnel control register when the channel is idle. 
The channel state machine will set the I/O error 
bit in the channel interrupt status register if the 
channel control register is written while the chan
nel is busy. 

Whenever the firmware writes to the channel con
trol register, the PCM will take 10 PCM clocks to 
synchronize the action to the PCM clock, and ad
vance the channels status. During this time the 
firmware can only access non-channel registers. 

The register is initalized to A8H by the rest se
quence. 

4.2.1 IBEA (IBEB) Interrupt on Busy Bit 

The busy interrupt bit indicates to the channel that 
the microprocessor desires an interrupt when the 
channel very busy status bit transitions from a one 
to a zero. 

4.2.2 DIRA (DIRB) Channel Transfer 
Direction Bit 

The channel transfer direction bit is used to inform 
the PCM the direction of the transfer of this chan
nel. The PCM uses this information to determine 
the read/write control of the buffer. When the 
transfer direction bit is a zero, the device is trans-
ferring data to the buffer (device read mode, buff- II 
er write mode). When the transfer direction bit is a : 
one, the device is transferring data from the buffer 
(device write mode, buffer read mode). 

The transfer direction bit is used by the channel 
logic to position the transfer counter, and the input 
of the FIFO to the source of the data. When the 
direction bit is a zero, (data transfer from the 
peripheral to the buffer), the transfer counter is 
monitoring the device handshake signals, and the 
count reflects the number of bytes that remain to 
be transferred from the peripheral device, to the 
input of the FIFO. When the transfer count ex
hausts and the FI FO goes empty, the logic will 
signal the end of this transfer if EDAC mode is not 
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in effect. If EDAC mode is in effect, the channel 
will monitor the DACK pin to count EDAC trans 
fers, and when the EDAC idle counter exhausts 
and the FIFO is empty, it will signal the end of this 
transfer. 

When the direction bit is a one, (data transfer from 
the buffer to the peripheral), the transfer counter is 
monitoring the buffer signals, and the count 
reflects the number of bytes that remain to be 
transferred from the buffer to the input of the 

FIFO. When the transfer count exhausts and the 
FIFO goes empty, the logic will signal the end of 
this transfer if EDAC mode is not in effect. If 
EDAC mode is in effect when the FIFO goes 
empty, the channel will monitor the DACK pin to 
count EDAC transfers, and when the EDAC idle 
counter exhausts it will signal the end of this 
transfer. 

4.2.3 PAUSA (PAUSB) Channel Pause 
Control Bit (bit 3) 

The bit is used by the memory arbiter. When this 
port is pausible (this bit set), and the other port is 
non-pausible (this bit reset), then the other port 
will have higher priority in the memory arbiter. If 
this bit is set the same in both channel control 
registers, then priority is determined by the "AHI" 
bit in the option 2 register. 

This bit enables the "urgent request" logic. Be
cause it controls priority, if the highest priority 
port's FIFO is near to overrun/underrun condition, 
then an "urgent request" is sent to the arbiter to 
stop the other port's burst and force arbitration. 

4.2.4 EDACA (EDACB) EDAC Idle Enable 
(bit 4) 

The EDAC Idle Enable bit is used to allow the port 
interface to share control of the peripheral bus 
with the WD60C80 EDAC device. The EDAC 
(Error Detection And Correction) is used in disk 
applications to append redundancy information to 
data blocks to allow error correction. The bit when 
set will allow the PCM to strip this information and 
not transfer it to the buffer on reads, and to allow 
the EDAC to append the information to the device 
data on writes. The EDAC bit is only relevant 
when the channel is programmed to be a bus 
master. The Channel EDAC Idle Counter contains 
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a count of the number of redundancy bytes to 
ignore between data transfers. When this bit is set 
the transfer counter must be programmed for a 
single block size. When the transfer count ex
hausts the channel will tri-state the DACK pin and 
begin to count DACK pulses until the EDAC idle 
counter exhausts. While the EDAC idle counter is 
enabled, no transfers are allowed between the 
port and the FIFO (the redundancy bytes transfer 
between peripheral and the EDAC device). When 
the EDAC idle count exhausts the channel will 
then continue normal pipeline operations if the 
firmware has programmed them. 

4.2.5 DISKA (DISKB) Disk Type Device (bit 5); 
BRSTA (BRSTB) Burst Transfer 
Device (bit 6); SLAVA (SLAVB) Slave 
Mode Interface (bit 7) 

These three bits are used collectively to define to 
the port logic the type of peripheral device it will 
interface with, and the protocol to use with the 
interface signals. The signals will be described as 
per their individual significance, and then their col
lective significance. The names are derived from 
relationships they assume when the bit is set. 

The SLAVE bit is used to instruct the channel that 
the external device is the bus master, and as such 
will control the WR and RD interface signals. 
When the bit is zero~e PCM~the bus master 
and controls the WR and RD signals. The 
master/slave relationship controls whether the 
PCM has the capability of performing 
programmed 110 on the external bus. When the 
microprocessor attempts to do programmed 110 
and the channel is in a master and non-disk 
mode, the channel will arbitrate the external bus 
and interleave the programmed I/O with the DMA 
transfers the external device is requesting. When 
the channel is in slave mode, programmed 110 is 
rejected. If the microprocessor attempts 
programmed I/O an I/O error interrupt and status 
are asserted. 

The BURST bit defines to the channel that the 
multiple bytes may be transferred between the ex
ternal device and the FIFO with a single iteration 
of the protocol pins (DRQ and DACK). When the 
bit is a zero then SINGLE cycle mode, where an 
iteration of the protocol pins result in a single byte 
being transferred. 
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The DISK bit defines to the channel that the exter
nal device is a disk formatter device, and causes 
the protocol pins to maintain a different protocol 
than the normal REOUEST and ACKNOW
LEDGE. When the bit is a zero then the normal 
DRO and DACK protocol is enforced. 
Programmed liD is inhibited when in a disk mode. 

In the following text the three bits are grouped 
with the ordering of SLAVA (SLAVB), BRSTA 
(BRSTB), and DISKA (DISKB). 

4.2.6 000 DMA Single Cycle Master 

In this mode, the DRO pin is the data requ~st and 
is an input, the DACK pin is the data acknowledge 
and an output. In this mode, the PCM is con 
sidered to be the bus master, and the peripheral 
chip is the bus slave. The peripheral device uses 
the DACK signal to qualify the data strobes fro~ 
the PCM. The WR pin is a low true output pin 
from the PCM, and is active when the PCM is 
programmed with a channel transfer direction bit 
set, and the peripheral device has requested ser
vice. The WR signal is used to clock data from the 
PCM to the peripheral device. The RD pin is a low 
true output pin from the PCM, and is active when 
the PCM is programmed with a channel transfer 
direction bit cleared, and the peripheral device 
has requested service. The RD signal is used to 
clock data from the peripheral device to the PCM. 
The PCM will also use the WR and RD signals 
when the microprocessor requests programmed 
inpuVoutput of the peripheral device. At this time, 
the PCM will output the chip select §]goal to the 
peripheral device. The timing of the WR and RD 
signals is programmed in the timing control 
register of the channel. 

In the Single Cycle DMA mode, the PCM will 
cycle the DACK signal for each byte tran~ferred. 
The peripheral device can use. the D.ACK slg~al to 
deassert its DRO. This mode IS deSigned to inter
face with older DMA style peripherals that inter
faced with the Intel 8237 DMA chip. This mode 
will only transfer a byte when the channel FIFO is 
capable, therefore it is impli~~ ~hat overrun/.under
run detection is the responsibility of the penpheral 
device. The channel will continue to transfer data 
if a parity error is detected, with the channel 
counters being captured at the time the error is 
detected. This mode is compatible with the EDAC 
device, and supports interleave of programmed 
liD through the port and the DMA transfers. 
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4.2.7 001 DMA Single Cycle Disk 

This mode is specifically for the ADS10COO Disk 
Formatter Chip. The interface is the same as the 
DMA Single Cycle Master mode, in that the 
peripheral device requests service with the DRO 
signal, and the PCM which is the bus mast~r ac
knowledges the request with the DACK signal. 
The timing of the DACK signal is modified for the 
ADS10COO requirements, with the leading ed~e 
of the DACK being returned asynchronously In 
response to the DRO, and the data and trailing 
edge occuring synchronous to the PCM clock,Jrr 
the DMA single cycle disk mode the WR and RD 
signals are not used. Instead the directio~ of data 
transfer is known to both the external deVice, and 
the PCM device, so the direction strobes are not 
required. In this mode the DACK signal is all that 
is required, as it acts both as an ack.n~w
ledgement of data transfer, but also as the timing 
strobe. In this mode the PCM will attempt to trans
fer a byte on demand from the external device. If 
the channel FIFO becomes empty or full when 
another byte transfer is to take place, the channel 
will iatch the data late occurance, and capture the 
channel counters for the firmware. The transfer 
will continue until the current transfer count is ex
hausted. If a parity error is detected during the 
transfer, the parity error status is latched along 
with the channel counters, and the transfer con
tinues until the transfer counter exhausts. Since 
the ADS1 OCOO device supplies a seperate port for 
programmed liD, then progra~me~ liD throu~h 
the PCM port is not allowed In thiS mode. ThiS 
mode is compatible with the EDAC device. 

4.2.8 010 DMA Burst Cycle Master 

This mode tuned for the WD33C93 device, is the 
same as the DMA Single Cycle Master with the II' 
exception that at the end of the data strobe (~it.h~r 
WR or RD) the DRO signal is sampled, and If It IS 
still active and the channel FIFO is capable of 
transferring another byte, the channel logic will 
keep the DACK signal asserted, and proceed to 
transfer another byte of data. This burst sequence 
will continue until either the external device deas-
serts DRO, or the channel FIFO be~omes unable 
to transfer another byte, or the microprocessor 
has requested a programmed liD cycle on. the 
external bus. The channel will continue to transfer 
data if a parity error is detected. This mode allows 
the highest data rate of the PCM bus master 
modes but also requires the bus slave to deas-
sert th'e DRO in the shortest amount of time. 
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When the PCM is programmed for strobe timing 
of 2 PCM clocks (SC1A(B), SCOA(B) = 00), and 
strobe deassert time of 2 PCM clocks (SOTCA(B) 
= 0) then the PCM is capable of transferring data 
at 1/4 the PCM clock rate. This yields a transfer 
rate of 6.25 Mbytes per second with a 25 MHz 
clock to the PCM. (DRQ deassertion time needs 
to be strictly followed to guarantee reliable 
operation.) Since the OACK sig.nal doe~ ~ot 
change for multiple byte bursts, this mode IS in
compatible with the EOAC device. 

4.2.9 011 Programmed I/O Mode 

This mode is used to allow programmed I/O to 
occur to slave devices. Since it is a master mode 
then programmed I/O is enabled, but since it does 
not specify one of the specified interface protocols 
of bus masters, then it will not perform any 
peripheral transfers, and the OACK output will 
remain inactive at all times. When programmed 
I/O is to occur in a slave such as the W050C1 X 
configuration, then the firmware will set this mode 
while programmed I/O is to occur, and set t~e 
slave mode again after the programmed I/O IS 
complete. Note that for OMA Single Cycle Master 
mode and OMA Burst Cycle Master mode, that 
progr~mmed I/O requests are interleaved with the 
data transfers, and there is no need to set 
Programmed I/O mode to do programmed I/O. 

4.2.10 100 Single Cycle Slave Mode 

The Single Cycle Slave Mode is similar to the 
OMA Single Cycle Master Mode, with the sense ?f 
the master/slave relationship reversed. In this 
mode the PCM is assumed to be attached to a 
host system bus as a OMA slave device. In this 
mode the sense of the ORO and the OACK pins 
are reversed, in that the PCM makes the ORO pin 
an output, and requests data from the bus master, 
and the OACK pin is used by the bus master to 
signal the PCM that the data transaction is to take 
place. In this mode it is the respon?ibility o.f the 
bus master to drive the data strobe lines dunng a 
data transaction. This configuration is targeted for 
the XT* environment, and the interface is consis
tent with the protocol of the Intel 8237 OMA chip, 
when programmed as it is in that environment. 

4.2.11 101 Unused and Reserved Mode 
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4.2.12 110 Burst Cycle Slave Mode 

This mode· is similar to the Single Cycle Slave 
Mode, with the exception that the PCM will not 
deassert the ORO output signal unless the FIFO 
does not have the capability of accepting another 
byte of data. 

4.2.13 111 Slave Burst Mode Disk 

In this mode, the connotation of the ORO pin and 
the OACK pin change. The PCM is considered to 
be the bus slave, and the peripheral device is 
considered to be the bus master. The ORO pin in 
this mode becomes an input, and monitors the 
BORO of the peripheral device. The OACK pin in 
this mode becomes an output, and signals the 
peripheral device when the peripheral devi~e c~n 
continue with its next burst of data. For thiS dis
cussion, the OACK pin will be referred to as 
BROY. The WR pin and the RO pin in this mode 
are driven by the external bus master, the disk 
formatter. The protocol of the ORO and BROY 
signals is meant to accom~date the W~50C1 X 
series of disk formatter devices. If the disk for
matter is reading the disk then it will transfer a 
sectors worth data to the FIFO and set ORO ac
tive. It will then wait for the PCM to assert BROY 
to indicate that it can proceed with the next sector 
transfer. If the PCM exhausts its transfer count, 
and the pipeline register is empty, the PCM will 
not assert BROY until the channel pointers have 
been set for the next transfer. If the PCM has not 
exhausted its transfer count, or continues in a 
pipeline operation, then it will send BROY to the 
disk formatter to let it proceed with its transfer. If 
the disk formatter is writing to the disk, it will as
sert ORO at the start of the transfer, and wait for 
BROY. The PCM will assert BROY when the 
channel is started and data is available in the 
FIFO. At the end of the sector transfer the disk 
formatter will again signal with ORO if it desires to 
continue. If the PCM has the proper conditions to 
allow the next transfer it will again send BROY. 
When programmed I/O is to occur to the 
W050C1 X device, the firmware must first set the 
channels mode to master for programmed I/O, 
then perform the programmed I/O, then return to 
this mode before starting the channel. If an error 
occurs (either parity error or data late error) during 
the transfer of data, the PCM will latch the er
rorstatus and the channel counters. When the 
disk for~atter again sends BORO the PCM will 
not send the BROY signal, effectively halting the 
disk formatter from proceeding. The user can 
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handle the error condition in one of two ways. The 
user can issue a stop to the channel, and clear 
the error, then restart the channel which will then 
allow the disk formatter to proceed when it sees 
BROY. The user can supply external hardware to 
allow the firmware to reset the disk formatter, as 
the formatter chip is known to be in a state where 
write gate is not being asserted. 

4.3 CHANNEL STATUS REGISTER 

Channel A Address = 44H 
Channel B Address = C4H 
Read only register 

7 I 6 I 5 I 4 

0 I 0 I OKST I ROST 

WD60C40A 

I 3 I 2 I 1 I 0 

I PNR I FMT I VBSY I BSY 

NOTE :There is an A or B appended to each bit name corresponding to the appropriate channel. 

4.3.1 BSYA (BSYB) Channel Busy Status 

The channel is currently engaged in a transfer. 

4.3.2 VBSYA (VBSYB) Channel Very Busy 
Status 

Specifically, this status bit indicates that the 
pipeline registers cannot be written into. One 
reason these registers are not available is be
cause the channel is currently engaged in a trans
fer, and the pipeline registers of the transfer 
counter and the buffer pointers are currently 
loaded with the values of the next transfer.. The 
two status bits inform the firmware the state of the 
channel. When the two bits are both false, then 
the channel is currently idle, and the firmware can 
load the buffer pointer and transfer counter, and 
initiate an operation on the device. When the 
busy status is set, but the very busy status is 
false, the channel is in the busy state. In this 
state the pipeline registers are available for the 
firmware to load the values of the next transfer. 
When the firmware loads the pipeline registers 
and issues the start channel pulse, the channel 
will show very busy status. This status is the very 
busy state and indicates to the firmware that the 
channel is not available for any new pointers. 

4.3.3 FMTA ( FMTB) Channel FIFO Empty 
Status (Bit 2) 

Indicates the current status of the channel FIFO. 

4.3.4 PNRA (PNRB) Port Not Ready Status 
(Bit 3) 

The PCM "port not ready" status bit is used to 
signal the microprocessor that the PCM is current
ly performing a programmed I/O access of the 
peripheral, and the registers that are associated 
with the channels programmed I/O are not avail
able. When the access is complete, this bit will be 
reset. See also the "ONR" bit in the master 
status register. This bit is also set if the channel is 
currently receiving a reset. 

4.3.5 RaSTA (RaSTB) Channel ORa 
Pin Status (Bit 4) 

In order to allow the firmware to poll the state of 
devices while the channel is in slave mode, the 
state of the channel's ORO pin is available on this 
bit. The ORO is an input which has program
mable polarity. This bit DOES NOT show the ac
tual level of the ORO pin but rather the logical 
state; set if ORO is active, and reset if ORO is 
inactive. 
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4.3.6 DKSTA (DKSTB) Channel DACK Pin 
Status (bit 5) 

Indicates the logical state of the channel DACK 
pin. 

4.4 CHANNEL INTERRUPT STATUS REGISTER 

Channel A Address - 46H 
Channel B Address = C6H 
Read and write/clear bits 

7 I 6 I 5 I 4 
AERR I lOPE I IOE I REJ 

4.4.1 BSYIA (BSYIB) Interrupt From Busy 

T~i~ status bit will be set when the busy interrupt 
bit In the channels control register (bit 0) is set, 
and the channel busy status bit transi tions from a 
one to a zero (the channel state transitions from 
busy to idle). This bit is cleared when a one is 
written to it. 

4.4.2 VBIA (VBIB) Interrupt From Very Busy 

!his statu.s . bit will be set when the very busy 
!nterrupt bit In the channels control register (bit 1) 
IS set, and the channel very busy status bit transi
tions from a one to a zero (the channel state tran
sitions from very busy to busy). This bit is cleared 
when a one is written to it. 

4.4.3 PERRA (PERRB) Channel Parity Error 
Bit 

The channel parity error bit indicates to the 
firmware that the channel detected a parity error 
during a read of data either from the dynamic 
RAMs, or from the peripheral device. When the 
c~annel detects a parity error, it will interrupt the 
microprocessor, set the channel parity error flag. 
The transfer will continue until the end of the cur
rent block, at which time the PCM will wait for the 
firmware to clear the error and restart transfers. 

When the transfer direction is from the buffer to 
the peripheral then the error occurred in the 
memory, and the firmware can determine the 
location of the parity error by reading the current 
value of the channel pointer, which was captured 

I 
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3 I 2 I 1 I 0 
LATE I PERR I VBI I BSYI 

at the time of the error. When the transfer direc
tion is from the peripheral device to the buffer, 
then the error occurred on the channel external 
interface, and the transfer counter will determine 
the exact byte in error. This bit is cleared when a 
one is written to it. 

4.4.4 LATEA (LATE B) Channel Data Late 
Error Bit (bit 3) 

The channel data late error bit indicates to the 
firmware that the channel detected a data over
run/underrun error during a transfer of data 
to/from the channel FIFO. When the channel 
d~tects a data late error, it will interrupt the 
microprocessor, set the channel data late error 
status. The detection of the overrun/underrun con
dition is disabled by the channels pause bit being 
set. This bit is cleared when a one is written to it. 

4.'4.5 REJA (REJB) Channel Command 
Reject Error Bit (bit 4) 

The channel command reject error bit indicates to 
the firmware that there was an attempt to start a 
transfer when the channel had very busy status 
bit set, or without clearing the channel after an 
error. When the channel detects this condition it 
will interrupt the microprocessor, and set the com
mand reject status. The transfer will not be af
fected. When the current transfer finishes the 
channel will not perform the next transfer in the 
pip~line because it is assumed that the pipeline 
register was corrupted previous to the erroneous 
start. No transfer will be initiated by the erroneous 
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start command. This bit is cleared when a one is 
written to it. 

4.4.6 10EA (lOEB) I/O Error Bit (bit 5) 

The channel I/O error bit indicates to the firmware 
that there was an attempt to do a programmed I/O 
cycle to a channel that was in slave mode, or the 
channel control register was written while the 
channel was busy. The I/O error does not halt a 
transfer in progress, or corrupt an external trans
fer. The status indicates to the microprocessor 
that the previous programmed I/O transaction did 
not transfer valid data, or the load of the channel 
control register did not take place. This bit is 
cleared when a one is written to it. 

4.4.7 10PEA (IOPEB) Programmed I/O Parity 
Error (bit 6) 

The channel programmed I/O parity error bit indi
cates to the firmware that a parity error occurred 
during a programmed I/O read of the peripheral 
device. The detection of a programmed I/O parity 
error does not affect a transfer in progress if the 
programmed 110 cycle was interleaved with 
device data transfers in either the DMA Single 
Cycle Master mode, or the DMA Burst Cycle 
Master mode. This bit is cleared when a one is 
written to it. 

WD60C40A 

4.4.8 AERRA (AERRB) Any Error Bit (bit 7) 

The Any Error status bit is a read only bit, and is 
the logical 'or' of the five error status bits. It is 
provided for convenience to the firmware to easily 
determine if the previous operation was success
ful. 

sistor through an option jumper to either Vee or 
GND will passively pull the data line to the desired 
signal level. The PCM will latch the state of the 
data bus lines at the end of its reset sequence, so 
there is a minimum of 5 /ls. plus 16 PCM clocks 
for the resistor to pull the signal to an acceptable 
level. The value of the resistor is derived from the 
reset sequence time, and the capacitance of the 
data lines. The maximum resistor value should be 
used to reduce the DC and AC loading of the data 
lines. Since the channel data latch is used for 
other functions, it is a requirement of the firmware 
that if the reset status is to be saved, that the 
firmware must read the channel data latch and 
save it in its local memory before attempting 
either programmed I/O to/from the external 
device, orto put the channel in loopback mode. 
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4.5 CHANNEL DATA LATCH 

Channel A Address = 48H 
Channel B Address = CBH 
Read / write register 

7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 
COL? I COL6 I COL5 I COL4 I COL3 I COL2 I COL1 I COLO 

NOTE: There is an A or B appended to each bit name corresponding to the appropriate channel. 

The Channel Data Latch holds the data as
sociated with 3 different functions performed on 
the channel. The access of the register does not 
cause a wait condition. 

The first function is that of the "Reset Status 
Latch." When the PCM is reset either by power 
being applied, or by writing into the PCM reset 
register, the PCM samples the channel bus and 
saves the data in the channel data latch for the 
firmware. The intent is that the board designer 
will install passive resistor networks that allow op
tion jumper status to be reflected on the channel 
bus at reset time. There is an assumption here 
that the external device will tri-state the channel 
data bus bits during the power reset condition. 
With the PCM and the external device both tri
state, a resistor through an option jumper to either 
Vee or GNO will passively pull the data line to the 
desired signal level. The PCM will latch the state 
of the data bus lines at the end of its reset se
quence, so there is a minimum of 5 j.l.S plus 16 
PCM clocks for the resistor to pull the signal to an 
acceptable level. The value of the resistor is 
dereived from the reset sequence time, and the 
capacitance of the data lines. The maximum 
resistor value should be used to reduce the DC 
and AC loading of the data lines. Since the chan
nel data latch is used for other functions, it is a 
requirement of the firmware that if the reset status 
is to be savbed, that the firmware must read the 
channel data latch and save it in its local memory 
before attempting either programmed I/O to/from 
the external device, or to put the channel in loop
back mode. 

The second function of the channel data latch is 
for the loopback mode of the channel. In the loop
back mode the microprocessor will read data from 
this latch, and write data to the latch without wait 
states. The channel logic will transfer the data 
between the latch and the FIFO, and check for 

overrun conditions. See also the "LPBMA" 
("LPBMB") bit in the Channel Timing Register. 

The third function is that of the port programmed 
I/O data latch. When the "ROY" function is sup
ported in hardware, then programmed I/O 
proceeds through the normal address space 
reserved for external peripheral I/O. The leading 
edge of the microprocessors read or write strobe 
causes a "not ready" signal to the microprocessor, 
holding this state until arbitration for the peripheral 
port and the actual data transfer has been ac
complished. When the transfer is complete by 
ROY going true, then the cycle will end and the 
task is complete. In this case this register is not 
used, though it still performs its intended function 
of capturing the programmed I/O data to/from the 
peripheral. 

In the case where the ROY function is not sup
ported in the hardware, then the firmware must 
perform a program sequence to complete a trans
fer. If the microprocessor is writing data to the 
port, then it will write to the programmed I/O data 
space, and data will be latched along with the fact 
it is a write. The trailing edge of the strobe will 
cause the PCM to request arbitration for the chan
nel. The firmware is free at this time to perform 
other tasks, or poll the "ONR" status bit or the 
"PNRA" ("PNRB") in the ChannelStatus Register, 
or poll the PCM ROY pin. When the access is 
complete then "not ready" will go false, and the 
firmware is again allowed to access the channel 
for programmed I/O. 

If the microprocessor desires to read the channel, 
then it must first read from the programmed I/O 
data space, and discard the data. This action is 
only used to initiate the arbiter request, and latch 
the fact it is a read access. The trailing edge of 
the strobe will cause the buffer access to initiate. 
When the "not ready" condition goes false, then 
the data that was fetched is available in this 
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register, and also in the programmed I/O data 
space. If the data is then read from the 
programmed I/O data space, then another 

4.6 CHANNEL BUFFER POINTER 

Channel A Address = 4EH (BP19 - BP16) 
Channel A Address = 4CH (BP15 - BP08) 
Channel A Address = 4AH (BPO? - BPOO) 
Channel B Address = CEH (BP19 - BP16) 
Channel B Address = CCH (BP15 - BP08) 
Channel B Address = CAH (BPO? - BPOO) 
Pseudo-read/write registers 

7 6 5 4 
0 0 0 0 

BP15 BP14 BP13 BP12 
BPO? BP06 BP05 BP04 

WD60C40A 

programmed I/O cycle will be initiated, while if the 
data is read from this register, another 
programmed I/O access will not take place. 

3 2 1 0 
BP19 BP18 BP1? BP16 
BP11 BP10 BP09 BP08 
BP03 BP02 BP01 BPOO 

NOTE: There is an A or B appended to each bit name corresponding to the appropriate channel. 

BP19A (BP19B) through BPOOA 
(BPOOB) Buffer Pointer Address Bits 

The channel buffer pointer is composed of three 
registers that contain the 20 bit memory address 
of the data. The actual hardware that mechanizes 
the buffer pointer is a presettable 20 bit counter, 
which is the actual pointer, a 20 bit holding 
register connected to the preset inputs of the 
counter (the pipeline register), and a 20 bit latch 
connected to the outputs of the counter for read
ing the counter. The microprocessor can actually 
only load the pipeline register from its data bus. 
When the firmware writes to any of the bytes in 
the buffer address pointer, a flag in the PCM is set 
to remember that the pipeline register was written. 
The channel state machine will use this flag to 
indicate that the buffer address pointer is to be 
loaded with a new value. When the channel state 
machine enters the "busy" state it will test and 
clear the flag, and load the counter from the hold
ing register if the flag was set. See also the 
description of channel "states" in the Channel 
Start Register. 

If the channel enters the "busy" state and the flag 
is cleared, indicating that firmware did not load the 
pipeline register, then the counter continues from 
its current position. The firmware then can 
mechanize a ring buffer system with only the 
firmware overhead of writing the starting address 
at the initial transfer, and then only issuing start 
commands for succeeding transfers. The data will 
then appear as a single large contiguous block. If 
data is to be transferred from discontiguous areas 
of the data buffer as in a cache buffer system, 
then the firmware has the added overhead of writ
ing the next address to the pipeline register for 
each transfer segment that is not contiguous. 

If the microprocessor desires to read the counter 
while it is active, the firmware must first write to 
the capture pointer register, which will make a 
copy of the counter at the time, and the 
microprocessor can then read the 3 bytes of ad
dress without any sampling errors. When the 
channel detects an error during a transfer it will 
copy the counter to the capture latch register for 
reading. When the channel transitions to the idle 
state, and the previous operation had no error, the 
address pointer is automatically copied to the cap
ture latch register for reading. 
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4.7 CHANNEL TRANSFER COUNTER 

Channel A Address = 52H (TC15 . TC08) 
Channel A Address = 50H (TCO? - TCOO) 
Channel B Address = D2H (TC15 - TC08) 
Channel B Address = DOH (TCO? - TCOO) 
Pseudo-read/write registers 

7 6 5 4 
TC15 TC14 TC13 TC12 
TCO? TC06 TC05 TC04 

TC15 through TCOO Transfer Counter Bits 
The channel transfer counter appears as a 
read/write register, but in fact it is a write only 
register, and a read only counter. When the 
firmw':lre .writes !o the transfer counter it is writing 
to a pipeline register. When the transfer counter is 
read, it is reading a capture latch that is loaded 
from the actual counter. The reason for this 
mechanization is that the pipeline register needs 
to hold the byte count of the transfer and to load 
this value into the counter each time' the channel 
begins an operation. This value only need change 
when the firmware requires a different granularity 
of data. When the channel detects an error both 
the address pointer and the transfer count~r are 
captured. The data that the firmware requires is 
how far into the transfer the operation proceeded 
before the error was detected. When the firmware 
reads the actual counter, the value is the residual 
count of the number of bytes that are left in the 
transfer, and from this information the firmware 
can deduce the number of bytes that transferred 
sucessfully. The firmware can also sample the 
current transfer counter by writing to the Channel 
Pointer Capture Register. 

The channel transfer counter is composed of two 
registers that contain the 16 bit value that is the 
number of data bytes of the current transfer. The 
actual hardware that mechanizes the transfer 
counter is a presettable 16 bit down counter 
which is the actual counter, and a 16 bit holding 
register which is the pipeline. The counter is 
unidirectional going from number of bytes that is 
desired to be transferred, to zero. The 
microprocessor can actually only load the pipeline 
register from its data bus. 

DEVICE CHANNELS 

3 2 1 0 
TC11 TC10 TC09 TC08 
TC03 TC02 TC01 TCOO 

When the Channel Start Register is set, and the 
channel is currently idle, then the channel state 
machine will load the transfer counter from the 
pipeline register, and start the operation. At this 
time the pipeline register is now free, and the 
firmware can load the transfer count of the next 
transfer into the pipeline register. 

It should be noted here that for most devices that 
are envisioned, the block size that will be entered 
into th~ transfer counter, will be the sector (frame, 
etc.) size of the attached block oriented device 
and from that time the firmware will probably not 
load the transfer counter pipeline register. Hence 
if the firmware starts the channel again, the trans
fer counter will continually be updated with the 
block size of the device, without the firmware 
repeatedly loading the value on each transfer. The 
transfer count can be multiples of the device block 
size, if the firmware desires to cluster blocks 
together .and view them as larger data items. A 
special case exists when EDAC Idle Enable con
trol bit is set in the Channel Control register, in 
that the transfer counter is used to count the num
ber of bytes between redundancy fields, and 
therefore can not be multiples of the block size. 
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4.8 CHANNEL START REGISTER 

Channel A Address = 54H 
Channel B Address = D4H 
Write onlyregister 

7 I 6 I 5 I 4 
0 I 0 I 0 I 0 

Whenever the firmware writes to the channel start 
register, the PCM will take ten PCM clocks to 
synchronize the action to the PCM clock, and ad
vance the channels status. During this time the 
firmware can only access non-channel registers. 

Under normal conditions the PCM will have the 
channel enabled before the device is armed for a 
transfer. The exception to this is likely to be a 
programmable device that requires the PCM to be 
the bus slave (eg. WD501X type devices). In that 
case the mode will have to be changed to slave 
after the firmware has set up the device, as there 
is no programmed I/O facility in slave mode. It 
should be noted that once the operation of the 
peripheral device has been started, it may as
sume master status at any time, and as such, can 
fight the PCM if the firmware does not enter slave 
mode before this happens. Also, delay in starting 
the transfer by writing to this register, may result 
in over/underrun errors in the peripheral device. 
Writing into the channel start register will produce 
varied responses from the channel, depending 
upon the current mode and state of the channel. 

When the channel is in the idle state (busy and 
very busy status are both cleared), and the 
firmware writes into the channel start register, this 
indicates to the channel that the firmware desires 
the channel to begin operations. The channel 
state machine will load the transfer counter from 
the transfer counter pipeline register, and if the 
channel buffer address pointer pipeline has been 
written into, it will load the buffer pointer from the 
pipeline register, the flag for the address pointer 
will be reset, and channel busy status will set. 
When the busy status is set the pipeline registers 
are now available for the firmware to write the 
parameters of the next transfer. 

I 
I 

WD60C40A 

3 I 2 I 1 I 0 
0 I 0 I 0 I 0 

When the channel is in the busy state (busy 
status set, and very busy status cleared), and the 
firmware writes into the channel start register, this 
indicates to the channel that the firmware desires 
the channel to continue operations when the cur
rent operation finishes. The channel very busy 
status will set. When the very busy status is set 
the pipeline registers are not available for the 
firmware to write. The channel is now considered 
to be in the very busy state. The channel will clear 
the very busy status and exit the very busy state 
when the current transfer completes. When the 
transfer completes the channel state machine will 
advance to the busy state and perform the same 
sequences that are described going from idle to 
busy. The channel counters are now set with 
values for the new transfer and the pipeline 
registers are again available for the firmware to 
queue the parameters of another transfer and 
issue another start. 

When the channel is in the very busy state (busy 
and very busy status are both set), and the 
firmware writes into the channel start register, this 
will cause the channel to set the command 
rejected status and terminate operations on the 
channel when the current transfer completes. The 
channel state machine assumes that the firmware 
has corrupted the values in the pipeline when it 
issued the last start command. When the current 
operation completes the channel state machine 
will stay in the command reject error state until a 
channel stop is issued, which will then bring the 
state machine back to idle. 

Finally, any attempt to start a channel with an un
cleared error will result in a command reject error. 
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4.9 CHANNEL STOP REGISTER 

Channel A Address = 56H 
Channel B Address = D6H 
Writeonly register 

7 I 6 I 5 I 4 
0 I 0 I 0 I 0 

Whenever the firmware writes to the channel stop 
register, the PCM will take ten PCM clocks to 
synchronize the action to the PCM clock, and ad
vance the channels status. During this time the 
firmware can only access non-channel registers. 

I 
I 

4.10 CHANNEL POINTER CAPTURE REGISTER 

Channel A Address = 58H 
Channel B Address = D8H 
Write only register 

7 I 6 I 5 I 4 
0 I 0 I 0 I 0 

Whenever the firmware writes to the channel 
pointer capture register, the PCM will take ten 
PCM clocks to synchronize the action to the PCM 
clock, and advance the channels status. During 
this time the firmware can only access 
non-channel registers. 

When channel pointer capture register is written 
into, the capture latches for the channel pOinter 
and channel transfer counter will sample the cur
rent state of the counters. This allows the 
microprocessor to detect the current position of 
the pointer and counter while they are active. 

I 
I 
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3 I 2 I 1 I 0 
0 I 0 I 0 I 0 

3 I 2 I 1 I 0 
0 I 0 I 0 I 0 
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4.11 EDAC IDLE COUNTER 

Channel A Address = 5AH 
Channel 8 Address = DAH 
Pseudo-read/write register 

7 I 6 I 5 I 4 
ECO? I EC06 I EC05 I EC04 

In order for the PCM to function with an external 
Error Detection and Correction device (EDAC), it 
is necessary for the PCM to be able to ignore (or 
"idle") while data transfers intended for or 
generated by the EDAC device transpire. To this 
end, each channel has an 8 bit down counter 
called the EDAC idle counter. It is mechanized by 
an 8-bit holding register that is loaded by the 
microprocessor with the number of bytes that 
should be ignored at the end of each block trans
ferred, and an 8-bit down counter, decremented 

I 
I 

WD60C40A 

3 I 2 I 1 I 0 
EC03 I EC02 I EC01 I ECOO 

on the trailing edge of DACK once the PCM has 
finished its transfer. This counter is not latched 
like the address pointers and transfer counters, so 
any attempt to read this counter while it is running 
may result in synchronization errors. This value 
need only be set, to suit the EDAC device being 
used, after a reset condition. Thereafter the 
EDAC mode can be enabled and disabled using 
the EDAC Idle Enable 8it iii the Channel Control 
Register. 

4.12 LONGITUDINAL REDUNDANCY CHECKING REGISTER 

Channel A Address = 5CH 
Channel 8 Address = DCH 
Readlwrite register 

7 I 6 I 5 I 4 
0 I 0 I 0 I 0 

80th A and 8 channels must operate as the bus 
master when using the LRC feature. LRC genera
tion and checking takes place between the chan
nel data bus input and output buffers and the 
channel FIFO. The LRC calculations do not in
clude the parity bit. 

An LRC error on a transfer from the buffer 
memory to the peripheral causes the WD60C40A 
to force a parity error on the last data byte to the 
peripheral. 8ecause of the timings required for 
this feature, the LRC byte does not go through the 
FIFO on these transfers. 

Enabling the LRC option splits the existing 16-bit 
transfer counters into 12-bit block counters and 
4-bit modulo counters. The WD60C40A effectively 
breaks up a transfer into several blocks, and each 
block has its associated LRC byte. The 
programmed value of the block counter specifies 

I 
I 

3 I 2 I 1 J 0 
0 I 0 I 0 J 0 

the length of these blocks, and the value in the 
modulo counter plus one indicates the number of 
blocks which make up the entire transfer, allowing 
up to 16 blocks perChannel Start. 

The host has both read and write access to the 
LRC register to facilitate aborting transfers and 
subsequently resuming them. Since the LRC is 
calculated as the data enters the WD60C40A 
channel, the LRC byte after a Channel Stop in
cludes the calculations for any data left in the 
WD60C40A FIFO. The host assumes respon
sibility for adjusting the LRC register to account 
for any data left in the peripheral device FIFO to 
ensure a correct LRC byte for the entire data 
block. Writing to the LRC register disables the 
normal zeroing of this register by the Channel 
Start command, enabling the host to resume the 
aborted transfer. 
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5.0 MICROPROCESSOR 
INTERFACE 

The PCM interface to the controller microproces
sor is designed to be compatible with 
microprocessors of the multiplexed address/data 
bus design. It is specifically targeted to interface 
to Intel 80186 microprocessor with no extemal 
logic, but with some external logic the PCM can 
interface to other microprocessors that have multi
plexed buses, or to non-multiplexed bus 
microprocessors. Speed .. penalties will· exist for 
these implementations. 

The PCM appears to the microprocessor as a 
contiguous address space of 256 bytes. The 8 bit 
address that decodes the unique location within 
the PCM is supplied by 8 multiplexed ad
dress/data pins. The address bit 0 is however ig
nored as all internal registers are mechanised to 
appear on even byte boundaries to suit the 
80186. The PCM latches the address during the 
ADDRESS LATCH ENABLE signal. The 8 bits are 
used as both address information at ALE time, 
and data information at all other times. The PCM 
latches the bus address on all microprocessor 
cycles, but only responds to those cycles that are 
accompanied by the chip select signal. This signal 
is derived by the controller designer by doing a 
decode of the address information above bit A07; 
or using the already decoded outputs of the 
80186. The controller designer has the flexibility 
to map the PCM's address space into the 
microprocessors memory space, or the I/O space, 
or a combination of both. 

The PCM's interface includes a general interrupt 
signal to inform the microprocessor of changes of 
states of status within the PCM, and two signals 
to control the direction and timing of microproces
sor bus cycles that involve the PCM. There are 
also two signals that allow the PCM to 
synchronize resource sharing for the microproces
sor. When the PCM detects a bus cycle within its 
address range (chip select asserted), it decodes 
the address that it has latched, and determines 
the resource that is to be accessed. The PCM has 
control of four general resources (internal 
registers, buffer memory, channel A, and channel 
B), and maps these resources into the address 
space. 

MICROPROCESSOR INTERFACE 

The microprocessor interface deviates at this 
point depending upon the microprocessor that is 
interfaced, and the microprocessor and board 
design to support the READYIWAIT signal. In the 
case where the microprocessor and board design 
support the ROY function, the PCM uses the 
microprocessor ROY line to hold the microproces
sor in a wait condition if the resource is not ready 
for immediate access. The internal register set of 
the PCM does not insert any wait states. The ac~ 
cess of the other resources mayor may not insert 
wait states. 

If the microprocessor is accessing a device on 
one of the peripheral device channels, the local 
bus arbitrator for that channel will deassert ROY 
to the microprocessor until the channel is free for 
the microprocessor access to proceed. When the 
channel has been acquired the PCM will assert 
CSA or CSB (peripheral chip select) to select the 
peripheral device. When the access of the 
peripheral device is finished, the PCM will assert 
ROY, which will allow the microprocessor to 
proceed. If the access of the peripheral channel 
results in an I/O error, there will be no wait states 
inserted. If the microprocessor is accessing the 
buffer RAM, the memory arbiter will deassert ROY 
to the microprocessor until the buffer access has 
been done. 

In the case where the microprocessor or the 
board design does not support the ROY function, 
the previously described actions to initiate the 
PCM function are identical. The difference is 
when the PCM deasserts the ROY function. In this 
case the microprocessor will not go into a wait 
condition, and is free to continue executing code. 
Internally, the PCM latches the access initiated, 
and the direction of the access, and proceeds to 
complete the access without holding the 
microprocessor. Data latches in each port and the 
buffer area will hold the data for the microproces
sor while the access is in the arbitration queue. 
The microprocessor now has the responsibility of 
testing status (either in a PCM internal register, or 
the ROY signal), and when the access is com
plete, and to fetch the accessed data if the access 
was a read. 
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6.0 I/O MEMORY MAP 
The PCM has within it four resources that the 
controller's firmware can access. The first 
resource is the PCM's register file. This consists 
of various registers that the firmware can read 
and write to both control the operation of the 
PCM, and sense the status of operations. The 
registers that are associated with a particular 
channel, are in an address space that is adjacent 
to the channel, and registers that are not as
sociated with a particular channel use a partial 
decode of addressing so they are made to appear 
in both channels address space. Since these 
registers are dedicated to the microprocessor, 
there is no arbitration required to access these 
registers, and bus cycles to these registers in
volve no wait states. 

The second resource that the PCM controls is the 
memory array. The memory array is made to ap
pear to the firmware as a single memory location. 
The access to the actual memory location must 
be arbitrated along with accesses from the two 
peripheral channels, so access to the buffer 
memory may encounter some significant delays 
when there is heavy buffer traffic. The addressing 
of the memory array can either be static by load
ing the microprocessor page register, or can be 
made to autoincrement when searching through 
the data buffer. 

The other two resources that the PCM controls 
are the device buses. The two device buses are 
made to appear as 64 byte spaces. Channel A 
devices appear in the offset range of OOH to 3FH. 
Channel B devices appear in the offset range of 
80H to BFH. The actual registers that can be ac
cessed through the channel, and the locations 
that they are made to appear at are under control 
of the board designer. 

FCH DATA BUFFER 
EOH BUFFER MGR. REGISTERS 
COH CHANNEL B REGISTERS 
80H CHANNELB 

7CH DATA BUFFER 
60H BUFFER MGR. REGISTERS 
40H CHANNEL A REGISTERS 
OOH CHANNELA 

WD60C40A 

7.0 INTERRUPTS 
All interrupt conditions within the PCM are 
grouped into a single interrupt line going out of the 
W060C40A. Individual interrupt conditions can be 
enabled/disabled within the PCM, but there is no 
prioritization of interrupts within the device. Inter
rupt conditions are reset when the firmware writes 
a one to the bit to clear the particular interrupt con 
dition. 

8.0 RESET SEQUENCES 
The PCM chip will be initialized when the RST pin 
is asserted, or the firmware writes a one into the 
soft reset bit of the PCM reset register. When the 
PCM is reset, it aborts all transfers, sets channel 
control registe!Lto~ and tri-states the port's 
control lines (RO, WR, ORO, OACK), disables 
refresh by resetting the RAM control logic to a 
special state, and clears all interrupts. The 
firmware is responsible for setting up refresh and 
initializing the RAM to suit the dynamic RAM re
quirements. Resetting the PCM terminates ac-
cess of the dynamic RAM array, allowing the idle 
time requirement of dynamic RAMs at power on. 
When the PCM option register is written to, this 
signals the PCM that the idle time requirement of 
the dynamic RAM array has passed, and the 
PCM will begin refresh cycles if refresh is 
enabled, it is the requirement of the controller 
firmware to delay the required idle time interval 
from power on condition before writing into the 
PCM's option register, to delay the required time 
interval from enabling refresh until the dynamic 
RAMs are ready for operation, and to initialize the 
memory array to proper parity. The PCM is initial-
ized to static RAM mode by master reset. When 
the PCM is reset, the memory signals will be 
deasserted, and the channel control signals will II 
all be tri-state. The memory signals will return to : 
normal operation when the firmware writes into 
the option register. The channel Signals will return 
to normal operation when the firmware writes into 
the channel control register. It should be noted 
that programmed I/O to the peripheral port can 
not be performed until the channel control register 
is written as master mode after a reset. 
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9.0 READY SEQUENCES AND 
LATENCIES 

The ROY (ready) signal will be asserted low when 
the PCM has an internal resource that is unavail
able to the firmware. Then time that the signal will 
be asserted depends upon the mode that the 
microprocessor interface is in, and the resource 
that is being accessed. When the PCM is in the 
'waitable' microprocessor mode, the ROY signal 
will assert low when the internal address decode 
with CS selects a resource. The resource will start 
its access three PCM clocks after the 
microprocessor's data strobe asserts. When the 
PCM is in the 'non-waitable' mode, the ROY sig
nal will assert low 30 ns. after the 
microprocessor's data strobe ends. The resource 
will start its access after the three PCM clocks for 
synchronization. These times are in addition to 
the following discussion which describes the com
ponents that determine the time of the particular 
access. 

When the firmware accesses the buffer, the time 
the access takes is dependant upon the 
microprocessor's placement in the memory ar
bitration scheme, and any latency associated with 
its request occuring while a port data burst is in 
progress. The microprocessor is the highest 
priority device in the memory arbitration scheme, 
since it is a single cycle device, and its request 
period can be controlled by the firmware. The 
latency associated with a port data burst is found 
from the equation: 

TBRST = 2 (N) + 4 (P+ 1) expressed in PCM 
clocks 

N = number of bytes in the ports burst 

P = number of RAS cycles occuring during the 
burst, or # of page boundaries crossed during 
burst. 

Example: If the port transfers 22 bytes during the 
burst, and crosses a page boundary, then the total 
burst will require 52 PCM clocks. For a PCM clock 
frequency of 16 Mhz. this will be a time of 3.25 
microseconds. 

The N factor in the above equation depends upon 
the number of bytes in the FIFO when the burst 
begins, and the memory transfer rate, and the 
peripheral transfer rate. The value of N should be 

READY SEQUENCES AND LATENCIES 

determined by simulation but an estimation can 
be made from the equation: 

N = MTR ( IFBC ) 1 (MTR - PTR) 

MTR = memory transfer rate, 1/2 PCM clock fre
quency 

PTR = peripheral transfer rate, (in MHz) 

IFBC = initial FIFO byte count at start of burst 

NOTE: 

IFBC is in the range of 0 to 15 for 
W060C40 

The memory transfer rate when the port is in a 
burst is two PCM clocks per byte. If the PCM is 
supplied with a 16 MHz clock, then the memory 
trans fer rate will be 8 MHz (8 Mbytes/second). 
The peripheral transfer rate is supplied in the 
same terms as the memory transfer rate. As an 
example the W033C93A SCSI interface 
peripheral is capable of a transfer rate of 4 
Mbytes/second, or 4 MHz. The FIFO size in the 
PCM is 15 bytes. If these values are applied to 
the equation, and use the value of 14 bytes for the 
initial FIFO condition, the result is 29 bytes for the 
expected burst. At the memory transfer rate of 8 
Mbytes per second, this would yield a burst time 
of 3.625 microseconds. 

It can be seen that as the peripheral transfer rate 
approaches the memory transfer rate, the 
denominator of the equation approaches zero, 
and the size of the burst increases rapidly. There
fore if the PCM is designed into a system with the 
peripheral transfer rate very close to the memory 
transfer rate, large microprocessor buffer access 
times can be expected. The size of burst is limited 
by the refresh mechanism of the PCM. The PCM 
will queue up to four refreshes, and then force an 
ar bitration, which the microprocessor will win be
cause it is highest priority. In a system that has 
refreshes programmed at the normal rate of 15.6 
microseconds, this effectively limits the maximum 
burst and the maximum latency to about 62 
microseconds. 
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NON-CHANNEL REGISTERS MAP 

10.0 NON-CHANNEL REGISTERS 
MAP 

7 6 5 4 3 

MPAR CAW1 CAWO SRAM RRC3 

0 0 NOWAIT WAITE AHI 

ONR 0 0 PRNR BANR 

0 0 0 0 0 

BOL7 BOL6 BOL5 BOL4 BOL3 

MP07 MP06 MP05 MP04 MP03 

MP15 MP14 MP13 MP12 MPii 

0 0 0 0 MPi9 

TAS7 TAS6 TAS5 TAS4 TAS3 

SWRST 0 BRST ARST TSMEM 

BAR7 BAR6 BAR5 BAR4 BAR3 

BAR7 BAR6 BAR5 BAR4 BAR3 

NOTES 
All "odd" addresses willi access the "even" address that is one lower. 

2 1 0 

RRC2 RRC RRCO 

INTE BINTE AINTE 

PPE BINTR AINTR 

0 0 0 
BOL2 BOU BOLO 

MP02 MP01 MPOO 

MPi0 MP09 MP08 

MPi8 MPH MPi6 

TAS2 TASi TASO 

CNTRT MTPBF MTPAF 

BAR2 BARi BARO 

BAR2 BARi BARO 

1 Contents of addresses 70H (or FOH) through 76H (or F6H) must be written as 00 and read as 00. 

05107191 

WD60C40A 

REGISTER! 
ADDRESS 

OPT 
60H or EOH 

OP2 
62H or E2H 

MSR 
64H or E4H 

66H or E6H 

BOL 
68H or E8H 

MAP 
6AH or EAH 

6CH or ECH 
6EH or EEH 

TAS 
78H or F8H1 

RTR 
7AH or FAH 

BAR 
7CH or FCH 

AAR 
7EH or FEH 

II 
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WD60C40A CHANNEL REGISTERS MAP 

11.0 CHANNEL REGISTERS MAP 

7 6 5 4 3 2 1 0 REGISTER/ 
ADDRESS 

LPBM PPE DKPL RQPL SDTC DLY SC1 SCO CTR 
40H or COH 

SLAV BRST DISK EDAC PAUS DIR IVE IBE CCR 
42H orC2H 

0 0 DKST RQST PNR FMT VBSY BSY CSR 
44H orC4H 

AERR lOPE IOE REJ LATE PERR VB1 BSY1 ISR 
46H orC6H 

CDL? CDL6 CDL5 CDL4 CDL3 CDL2 CDL1 CDLO CDL 
4BH or C8H 

BPO? BP06 BP05 BP04 BP03 BP02 BP01 BPOO CBP 
4AH orCAH 

BP15 BP14 BP13 BP12 BP11 BP10 BP09 BP08 4CH orCCH 
0 0 0 0 BP19 BP18 BP1? BP16 4EH or CEH 

TC07 TC06 TC05 TC04 TC03 TC02 TC01 TCOO CTC 
50H or DOH 

TC15 TC14 TC13 TC12 TC11 TC10 TC09 TC08 52H or D2H 
0 0 0 0 0 0 0 0 CST 

54H or D4H 

0 0 0 0 0 0 0 0 CSP 
56H or D6H 

0 0 0 0 0 0 0 0 CCP 
58H or D8H 

ECO? EC06 EC05 EC04 EC03 EC02 EC01 ECOO CEC 
5AH or DAH 

0 0 0 0 0 0 0 0 Reserved 
5CH or DCH 

0 0 0 0 0 0 0 0 Reserved 
5EH or DEH 

NOTE: 
There is an A or B appended to each bit name corresponding to the appropriate channel. 
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DC ELECTRICAL CHARACTERISTICS 

12.0 DC ELECTRICAL 
CHARACTERISTICS 

PARAMETER 
Power Supply 

Input Low Voltage 

Input High Voltage 

Ouptut Low Voltage 
IOL= 2.0 mA 

Output High Voltage, 
10H = 400 IlA 

Leakage Current Low 

Leakage Current High 

Supply Current 

Power Dissipation 

SYMBOL MIN MAX 

Vee 4.5 5.5 

VIL 0.8 

VIH 2.0 

VOL 0.4 

VOH 2.8 

ILL 10 

ILH -10 

lee 100 

PD 500 

The output loading depends on the pin function and are as follows: 

IOL IOH SIGNAL NAME 
6mA -2.5mA AD7toADO 

2mA -1.0mA CSA,CSB 
DROA,DROB 
DACKA,DACKB 
ARD, BRD 
AWR, BWR 
DBA7 to DBAO, DBAP 
DBB7 to DBBO, DBBP 
RB7 to RBO, RBP 
BAg to BAO 
RAS CAS W 

6mA O.D. RDY 
PINT 

05107191 

WD60C40A 

UNIT 
V 

V 

V 

V 

V 

IlA 

IlA 

mA 

mW 

II 
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WD60C40A 

13.0 MISCELLANEOUS 
CHARACTERISTICS 

Operating Temperature 

Absolute Maximum Ratings 

Vcc 

Voltage to any pin 

Storage Temperature 

NOTE: 

MISCELLANEOUS CHARACTERISTICS 

00 to 700 C 

All voltages referenced to Vss 

7.0 Volts 

-0.3 to Vcc + 0.3 Volts 

-400 to +1250 C 

Maximum limits indicate the point where permanent device damage occurs. Continuous operation at these limits is not intended, and 
should be limited to those conditions specified in Electrical Characteristics sections. 

14.0 TIMING SPECIFICATION 
In these timing diagrams the following assumptions have been made: 

(1) As port B is identical to port A, only port A timings need be shown. 

(2) The DRQA signal has been programmed as active HIGH. 

(3) The DACKA signal has been programmed as active LOW. 

(4) The timing specifications assume the following loading on each pin. 

MAX LOADING PIN NAMES 
120 PF MAX BAg to BAO 

RB7 to RBO, RBP 
RAS, CAS, W 

100 PF MAX. AD7 to ADO 

50 PF MAX. CSA,CSB 
DACKA,DACKB 

ARD, BRD 
AWR, BWR 

DBA7 to DBAO, DBAP 
DBB7 to DBBO, DBBP 

RDY 
PINT 
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TIMING SPECIFICA TlON WD60C40A 

The timing diagrams use the following nomencla
ture: 

REF 

The Reference number on the timing waveform 
diagram. 

NAME 

Abbreviated Symbol by which the timing is 

RIS 

Classification of requirement/specification. 

R = Requirement of the external circuit. 

S = WD60C40 output timing specification. 

referred. TIMING 

DESCRIPTION Value, unit, and characteristic of timing. 

Description of the timing referred. 

REFERENCE 

The reference edge to which the timing is 
specified. 

LE = Leading edge 

TE = Trailing edge 

RE = Rising edge 

FE = Falling edge 

IC = Initial Condition 

05107191 28-39 
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WD60C40A TIMING SPECIFICA TlON 

AC TIMINGS 

•• RAM PORT VIL = 0.8 VOLTS, VIH = 2.4 VOLTS 

VOL = 0.8 VOLTS, VOH = 2.4 VOLTS 

~ REF. INPUT GOING HIGH 

----./: REF. OUTPUT GOING HIGH :--2.0 VOLTS . 
~--0.8 VOLTS 

• __ 2.0 VOLTS 

· •. REF. INPUT GOING LOW \: __ 0.8 VOLTS . , ,: REF. OUTPUT GOING LOW - - • , 
· :- -· · · · · · · · · 

REF. INPUT GOING LOW ~ 
0.8 VOLTS-. 

REF. INPUT GOING LOW L 
0.8 VOLTS-+ · · 

2.0 VOLTS -r-
REF. INPUT GOING HIGH • 

· 2.0 VOLTS _;-
REF. INPUT GOING HIGH • 

-4-- TCKHL--. ~TCKLH---" 

II 

/ 
TCKF--+ -4-- TCKR --+ ~ 

~TCKH--+ ~ TCKL-+ 

TCYC 

NAME REF R/S MINIMUM MAXIMUM 
TCYC = Input Clock Period R 40NS 
TCKL = Input Clock Low R 17 NS 
TCKH = Input Clock High R 17 NS 
TCKR = Input Clock Rise R 5NS 
TCKF = Input Clock Fall R 5NS 
TCKHL = Input Clock High to Low R 20NS 
TCKLH = Input Clock Low to High R 20NS 

FIGURE 14-1. RISE/FALL AND MISC. TIMING 
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TIMING SPECIFICATION WD60C40A 

Cll< 

~ \'------I 
I _ :r--+ .................... -~ iREF.IFPiOwRiTel-j- ...................... ~ ...... ~ 

~ \JRE!. ~f>!O~~1 I '------

~ , /r----~:---------
\ I 

I I 

:_ lACS _:_ TCSW -_TWWR __ TCSA_: -
I I 

I 

PIO WRITE 
CYCLE WAVEFORMS 

I -TWRZ 

~g:r-t:j ,u:: ~~)<:::;.'."";W.""'W:'''''[;''''';W.:.''''W'.' .. ;W'''.'"·[;,,,,[;,'·""W"·'>"· «~fIeD~AD 
PIO READ 
CYCLE WAVEFORMS 

NAME REF RlS MINIMUM MAXIMUM 
TACS = Time of DACK to Chip Select TE S 2 TCYC -15 NS·· 

TCSA = Time of Chip Select to DACK TE S 2 TCYC -15 NS·· 

TCSW = Chip Select to Write Strobe LE S 2 TCYC -15 NS 4 TCYC + 15NS 
-<See DLY in Section 4.1) 

TWWR = Width of Write Strobe S 4 TCYC -15 NS 10 TCYC + 15 NS 
(See SC in Section 4.1 ) 

TWOE = Time to Output Enable in Write LE S ONS 

TWDV = Time to Data Valid in Write LE S 40NS 

II TWDH = Time of Data Hold in Wr~e TE S TCKH-5NS 

TWRZ = Time of Write Strobe to High Z TE S TCKH-5NS TCKH+20NS 

TCSR = Chip Select to Read Strobe LE S 2TCYC-15NS 4TCYC+15NS 
I (See DL Y in Section 4.1) 

TWRD = Width of Read Strobe S 4 TCYC-15NS 10TCYC+15NS 
I (See SC in Section 4.1) 

TSUR = Data Setup Time of Read Data TE R 30NS 

TDHR = Data Hold Time of Read Data TE R o NS 

TROZ = Time of Read Strobe to High Z TE R 2 TCYC •• 

•• If SDTC in Section 4.1 is set, then value is 4 TCYC 

FIGURE 14-2. PIO READIWRITE OF EXTERNAL DEVICES 
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WD60C40A TIMING SPECIFICATION 

ClK 

~ 
~r.~------------------~\~~I 

\ , 

'--__________________ ..J.~_Jy- TAGS -' 

DRQ_' , 
, 

DACK_' , 
, \ , 
._leSA 
, 

_WR 
, , 

.' TOAW 

~ 
, 
, , 

TWWA- r TSO~TDQD_: 

-: TROZI_ :-,' TWOE _I ITSUW TWDH i ~AZ 
~~, .1 1 ' 

PpR,OEVICOYCUlSE "'<5EZlflEEEE[]l;:</WVV\fV\J VAUD DMA I V X Y Y Y Y Y VAUD DMA W' "><2EEEEEEEEEE1> 
READ DATA / I .... JWWIVI......,L.JLlUI..LI... __ WR_ITE_D_AT_A....L;,WLJL.V"-"'WLLlWu...\_WR_'T_E ,..DA_TA_.L-lI. M~/ 

, , 

=RD=_"--7-~ ____ '-__ TO_AR_-_ -__ ,~"'--TWRD l '-TSD~~ TOQD_: Ar---------

-: TR:j- _ TSU_ TOHR ~- TROz-1 
DB_ [7:o,PI ' _---... :=1.-.-) POS!'BLE 

PREVIOUS ~:::;ZZ:;::;;Z:;::;;Z:;::;;!EZ!EZZ:;::;;Z:;::;;[D;;~ VALID DMA VV "><§:l5E5ElllE</ VALia DMA W ...... )€5EEElD<. NEXT Pia 
~\?A8Y~A';')" /" " READ DATA 'V\ / " READ DATA M / READ DATA 

NAME 
TACS = Time of DACK to Chip Select 

TCSA = Time of Chip Select to DACK 

TDAW = Time DACK to Write Strobe 
(See DL Y in Section 4.1) 

TWWR = Width of Write Strobe 
(See SC in Section 4.1) 

TWOE = lime to Output Enable in Write 

TSUW = Data Setup lime to Write 

TWDH = lime of Data Hold in Write 

TWRZ = lime of Write Strobe to High Z 

TDAR = lime DACK to Read Strobe 
(See DL Y in Section 4.1) 

TWRD = Width of Read Strobe 
(See SC in Section 4.1 ) 

TSUR = Data Setup lime of Read Data 
TDHR = Data Hold lime of Read Data 

TROZ = lime of Read Strobe to High Z 
TDOD = Time to DRO Deasserted 

_(to stop_Burst) 

TSDA = Time of Strobe Deactivated 
(See SDTC in Section 4.1 ) 

REF 
TE 

TE 

LE 

LE 

TE 

TE 

TE 

LE 

TE 

TE 
TE 

LE 

• DRO Polarity shown high true; DACK polarity shown low true . 
•• If SDTC in Section 4.1 is set, then value is 4 TCYC . 

RIS 
S 

S 

S 

S 

S 

S 
S 

S 
S 

S 

R 
R 
R 
R 

S 

••• Based on SC and SDTC set to zero. Add 2 TCYC for each programmed state. 

MINIMUM 
2 TCYC - 15 NS •• 

2 TCYC - 15 NS •• 

2 TCYC -15 NS 

2 TCYC -15 NS 

o NS 

2 TCYC -40 NS 

TCKH -5 NS 

TCKH -5 NS 

2 TCYC -15 NS 

2 TCYC -15 NS 

30NS 
ONS 

2 TCYC -15 NS 

FIGURE 14-3. DMA BURST MODE TRANSFERS 

28-42 05107191 

MAXIMUM 

4 TCYC + 15 NS 

BTCYC + 15 NS 

B TCYC + 15 NS 

TCKH +20 NS 

4 TCYC + 15 NS 

BTCYC + 15 NS 

2 TCYC •• 

2 TCYC - 20 NS ••• 

4 TCYC + 15 NS 



TIMING SPECIFICA TlON WD60C40A 

CLK 

~ 'L-
~r.:----------------~H : 
DRO_* ____ TOaD ---~ } ____ T_ACS _____ :_: __ 

DACK_* \ .... ___________ .-J. 

____ TCSA ----:- TOAW -==1- TWWR_ 

I , ~---------------

: !-TWRZ _ 

_ TWOE !-TSUW_ TWOH _ 

NAME REF RlS MINIMUM MAXIMUM 
TACS = Time of DACK to Chip Select TE S 2 TCYC -15 NS·· 

TCSA = Time of Chip Select to DACK TE S 2 TCYC -15 NS·· 

TDAW = Time DACK to Write Strobe LE S 2TCYC-15NS 4 TCYC+ 15 NS 
(See DLY in Section 4.1) 

TWWR = Width of Write Strobe S 2TCYC-15NS 8 TCYC + 15NS 
(See SC in Section 4.1) 

TWOE = Time to Output Enable in Write LE S ONS 

TSUW = Data Setup Time to Wr~e TE S 2TCYC-40 NS 8 TCYC + 15NS 

TWDH = Time of Data Hold in Write TE S TCKH-5NS 

TWRZ = Time of Wr~e Strobe to High Z TE S TCKH-5NS TCKH+20NS 

TDAR = Time DACK to Read Strobe LE S 2 TCYC -15 NS 4 TCYC+ 15 NS II I (See DLY in Section 4.1) 

TWRD = Width of Read Strobe S 2TCYC-15NS 8 TCYC + 15 NS 
I (See SC in Section 4.1 j 
TSUR = Data Setup Time of Read Data TE R 30NS 

TDHR '= Data Hold Time of Read Data TE R ONS 

TROZ = Time of Read Strobe to High Z TE R 2 TCYC·· 

TDOD = Time to ORO Deasserted LE R 2TCYC-20NS··· 
(to stop Burst) 

TSDA = Time of Strobe Deactivated S 2 TCYC -15 NS 4 TCYC+ 15NS 
(See SDTC in Section 4.1 ) . ORO Polarity shown high true; DACK polar~y shown low true . 

•• If SDTC in Section 4.1 is set, then value is 4 TCYC . 
••• Based on SC and SDTC set to zero. Add 2 TCYC for each programmed state. 

FIGURE 14-4. DMA SINGLE CYCLE MODE 
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WD60C40A TIMING SPECIFICA TlON 

ClK 

b TRQP ~, 
DRQ_' ( ) ! 

_DA_C_K ___ • __ T_D_AK~r '000 nm~K-----------~-":v.-,~----------
DB_ [O:7,P] !-TSUW-:TWDH 

--'''-'--DA-:r:.o.A-B-YT-E-''-N--1-'' --"").('"DATA BYTE "N" _______________ -f 
._------- CHANNEL DIR BIT SET 

DATA BYTE "N+1" PCM DRIVING-BUS 
'-------- "WRITE OPERATION" 

DB_ [O:7,P] J..-TSUR -:TRDH -_------_ 1- ~ CHANNEL DIR BIT RESET 
DATA BYTE "N" DATA BYTE "N+ 1" DEVICE DRIVING BUS 

'----"-,;.;.;.;.;....;;;..;...;..;;;'--'-'..;..;...- "READ OPERATION" 
DATA BYTE "N-1" 

NAME REF 
TDAK = lime ORO to Acknowledge lE 

TOaD = lime to ORO Deasserted lE 

TRap = Time of Request Period 

TWDK = Width of DACK Signal 

TSUW = Data Setup lime of Write Data TE 

TWDH = Data Hold lime of Wrije Data TE 

TSUR = Data Setup lime of Read Data TE 

TDHR = Data Hold lime of Read Data TE 

* ORO polarity shown high true; DACK polarity shown low true 
** If SDTC in Section 4.1 is set, then value is 4 TCYC 

RIS 
S 

R 

R 

S 

S 

S 

R 

R 

*** Based on SC and SDTC set to zero. Add 2 TCYC for each programmed state 

MINIMUM 

6.5 TCYC 

3.5 TCYC 

2 TCYC -40 NS 

TCKH -5 NS 

30NS 

o NS 

FIGURE 14-5. BUS MASTER DISK MODE 
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MAXIMUM 
35 NS 

3 TCYC 

5.5 TCYC + 15 NS 



TIMING SPECIFICA TlON WD60C40A 

\'------.J/ , 

\'-----------'~~/ , ' , , ' , 
, ~--- TDSP TDAH ,~ 

: r--lWWR......... ~ TSDA :rDQD~ : 

-_W-R--------~'~------~\ : Vr---~,------------------

:" :: 
I . TSUW.... TWDH I.- :, 

DB 17:0.PI f4"1 .• 1-

W@1I·:E~.·'i"'~~%~jm· · ••• ;m·'~ .. :~·"< ')o(x)( ~~WE DATA XXJ.J( ~~~E DATA XX ........ >4 •••• 1 

-_R-D--------....;:L-----------...\~ ~o1 ~ --'~r~ v,---;i-----------------.... 
:~ ___ TRAcl.-- --.. TDHR 1___ _ : TROZ __ 

DB_ 17:0,PI -... .J I I 
Iftwilllfil$lli/ ',il . . . '~ ~~~E DATA '/XX)( ~~WE DATA 'fY..... >t(] •••• 1 

NAME REF RIS MINIMUM MAXIMUM 
TWWR - Width of Write Strobe R 50 NS 

TSDA = lime of Strobe Deactivated R 50 NS 

TDOD = lime to DRO Deasserted LE S 35NS II TDSP = Time of Data Strobe Period R 2.5 TCYC 

TDAH = lime of DACK Hold TE R o NS 

TSUW = Data Setup Time to Write TE R 20 NS 

TWDH = Time of Data Hold in Write TE R 10 NS 

TRON = Time Read Output Enable from LE S ONS 50NS 
DACK (If DIR bit is set) 

TWRD = Width of Read Strobe R 50 NS 

TRAC = Data Access lime LE S 45NS 

TDHR = Data Hold Time of Read Data S 10 NS 45NS 

TROZ = Time of Read Strobe to HiQh Z S 50NS 

• DRO polarity shown high true; DACK polarity shown low true 

FIGURE 14-6. SLAVE BURST MODE TRANSFERS 
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WD60C40A TIMING SPECIFICATION 

DB_ [7:0,P[ 

[7:0,P] 

NAME 

' ____ TOOD , 

TWWR - Width of Write Strobe 

TDaD = Time to DRa Deasserted 

TDAH = Time of DACK Ho[d 

TSUW = Data Setup Time to Write 

TWDH = Time of Data Hold in Write 

TRON = Time Read Output Enable from 
DACK ([f DIR bit is set) 

TWRD = Width of Read Strobe 

TRAC = Data Access Time 

TDHR = Data Hold Time of Read Data 

TROZ = Time of Read Strobe to Hi h Z 

TRWA = Time of RIW to DACK Inactive 

~~------------~/ 

, 
~------TRWA------.~~: 

REF R/S MINIMUM 
R 50NS 

LE S 1.5 TCYC 

TE R ONS 

TE R 20NS 

TE R 10NS 

LE S o NS 

R 50 NS 

LE S 

TE S 10 NS 

TE S 

LE S 2 TCYC + 15NS 

• DRa polaray shown high true; DACK polarity shown low true 

FIGURE 14·7. SLAVE SINGLE CYCLE TRANSFER 
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MAXIMUM 

3.5 TCYC + 15 NS 

50 NS 

45 NS 

45 NS 

50 NS 



TIMING SPECIFICA T/ON WD60C40A 

DRQ_' (BDrR_Q:..l _____ 

~TO~Jr__--\. ____ ----.. 

DACK • (BRDY) 't-..---------
TDRH I--

J-:= TOSP -1 
~ TWROTSOA ~'--------J)--------
-f';cra=-

I - TOHR 

NAME REF RIS MINIMUM MAXIMUM II TDAS = Time of DACK Setu LE S 3.STCYC S.S TCYC + 1S NS 

TSDA = Time of Strobe Deactivated R SONS 
TDSP = Time of Data Strobe Period R 2.STCYC 
TDAH = Time of DACK Hold LE S 6 TCYC 

TRAC = Data Access Time LE S 4SNS 

TDHR = Data Hold Time of Read Data LE S 10 NS 

TWRD = Width of Read Strobe R SO NS 

• DRo polarity shown high true; DACK polarity shown low true 

FIGURE 14-8. SLAVE BURST DISK MODE (READ) 
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WD60C40A TIMING SPECIFICA T/ON 

DRO_' (BDRO) :4 TDAS _~ TDAH -

/ f\-
DACK_' (BDRO) -TADY_ 

_WR ---v-\F 1 

. TDSP 

lWWR- _ TSDA ...::::I I 
_WR '\ ! 

~lWDH l-

• VALID _ 
VALID Xl WAITE DATA I WRITE DATA .. . ".'. 

DB_ [7:0,P] VVVVYVV 

NAME REF RIS MINIMUM MAXIMUM 
1WWR = Width of Write Strobe R 50 NS 

TSDA = Time of Strobe Deactivated R 50NS 
TDSP = Time of Data Strobe Period R 2.5 TCYC 

TDAH = lime of DACK Hold TE R 2 TCYC 

TSUW = Data Setup Time to Write TE R 20 NS 

1WDH = Time of Data Hold in Write TE R 10NS 
TROY = Width of BRDY (DACK) R 10 TCYC 

TDAS = Time of DACK Setup S STCYC 

. ORO polarity shown high true; DACK polarity shown low true 

FIGURE 14-9. SLAVE BURST DISK MODE (WRITE) 
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TIMING SPECIFICA TlON WD60C40A 

elK 

:if_TOAK _I ____ TOOO ---I}-J \ .... ______ ..... 1 
r-__ -M~_-PA-SS-'VE-P"'ULLUP MAY BE REQUIRED 

DB_ 17:e,PI 

DB_ [7:0,PI 

NAME REF 
TACS ; Time of DACK to Chip Select TE 

TCSA ; Time of Chip Select to DACK TE 

TDAW ; Time DACK to Write Strobe LE 
(See DLY in Section 4.1) 

TWWR ; Width of Write Strobe 
(See SC in Section 4.1L 

TWOE ; Time to Output Enable in Write LE 

TSUW ; Data Setup Time to Write TE 

TWDH ; Time of Data Hold in Write TE 

TWRZ = Time of Write Strobe to High Z TE 

TDAR ; Time DACK to Read Strobe LE 
(See DLY in Section 4.1) 

TWRD = Width of Read Strobe 
(See SC in Section 4.1L 

TSUR = Data Setup Time of Read Data TE 

TDHR = Data Hold Time of Read Data TE 

TROZ = Time of Read Strobe to High Z TE 

TOaD = Time to ORO Deasserted LE 
(to stop Burst) 

TSDA = Time of Strobe Deactivated 
(See SDTC in Section 4.1) 

TDAZ = Time to Dack High Z TE 

• ORO Polarity shown high true; DACK polarity shown low true. 
•• If SDTC in Section 4.1 is set, then value is 4 TCYC. 

R1S 
S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

R 

R 

R 

R 

S 

S 

_ DACK DRIVEN BY THE EDAC DEVICE _ 

FIRST CHECK BYTE 
FROM EDAC DEVICE 

\\.-_---JI 

ARST CHECK BYTE 
TO EOAC DEVICE 

MINIMUM MAXIMUM 
2 TCYC - 15 NS •• 

2 TCYC - 15 NS •• 

2TCYC-15NS 4 TCYC + 15 NS 

2 TCYC -15 NS STCYC + 15 NS 

ONS 

2TCYC-40 NS STCYC + 15 NS 

TCKH- 5 NS 

TCKH - 5 NS S.5TCYC 

2TCYC-15 NS 4 TCYC + 15 NS 

2 TCYC -15NS STCYC + 15 NS 

30NS 

ONS 
2 TCYC •• 

2 TCYC - 20 NS ••• 

2TCYC-15 NS 4 TCYC + 15 NS 

STCYC 

••• Based on SC and SDTC set to zero. Add 2 TCYC for each programmed state. 

FIGURE 14-10. EDAC MODE (DMA SINGLE CYCLE) 
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WD60C40A TIMING SPECIFICATION 

ClK 

TROP 

I 
DRCL' ! 

_mAK _ _ TDao_ r- PASSIVE PULLUP MAY BE REQUIRED 

I t-, zj· J DACK DRIVEN BY THE EDAC DEVICE -
TWDK TDAZ 

DACK_' "\ , , 
, , 
, 

I TSUW 
, -I 
.lWDH 
, 

NEXT TO LAST DATA BYTE LAST DATA BYTE FROM peM \1..';, / FIRST CHECK BYTE 
WHEN CHANNEL DIR_ BIT IS ONE 

"-
FROM EDAC DEVICE 

, 
TSUR I TRDH -

NEXT TO LAST DATA BYTE > LAST DATA BYTE TO PCM 
~XXXXXXX 

FIRST CHECK BYTE 
WHEN CHANNEL DIR_ IS ZERO TO EDAC DEVICE 

DB_ (7:0,P] 

NAME REF RIS MINIMUM MAXIMUM 
TDAK = Time ORO to Acknowledge LE S 35NS 

TOaD = Time to ORO Deasserted LE R 3 TCYC 
TRap = Time of Request Period R 6.5 TCYC 
TWDK = Width of DACK Signal S 3.5 TCYC 5.5 TCYC + 15 NS 

TSUW = Data Setup Time of Write Data TE S 2 TCYC - 40 NS 

TWDH = Data Hold Time of Write Data TE S TCKH - 5 NS 

TSUR = Data Setup Time of Read Data TE R 30 NS 
TDHR = Data Hold Time of Read Data TE R o NS 

TDAZ = Time to DACK High Z TE S 6 TCYC 

* ORO polarity shown high true; DACK polarity shown low true 
** If SDTC in Section 4.1 is set, then value is 4 TCYC 
*** Based on SC and SDTC set to zero. Add 2 TCYC for each programmed state 

FIGURE 14-11. EDAC MODE (DMA DISK) 
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TIMING SPECIFICA TlON WD60C40A 

I_TALEH_1 

=ALE~~Y \~ __________________________ ~~ 

AD[7:0] 
ADDRESS )>-----

CS 
TAURDY _____ 1 

leSACY 

RD or WR CS II 
TOOSRY_ I 

RDY 
RDY 

FIGURE 14-12. MICROPROCESSOR BUS TIMING 
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WD60C40A 

NAME REF. 
TALEH = ALE High Pulse Width 

TSVALE = Address Setup Before T.E. ALE TE 

TAHALE = Address Hold after T.E. ALE TE 

TALQDS = ALE T.E. to Qualified Data Strobe TE 

TWORD = Pulse Width Qualified Read Strobe 

TQROE = Qualified Read Strobe to Output Enabled LE 
TQRDV = Qualified Read Strobe to Data Valid LE 

TQRDH = Data Hold from Qualified Read Strobe TE 

TQROZ = T.E. Qualified Read Strobe to High Impedance TE 

TQRREC = Recovery Time after Qualified Read Strobe TE 

TWQWR = Pulse Width Qualified Write Strobe 
TDVQWR = Data Valid from L.E. Qualified Write . 
TSUQWR = Data Setup to T.E. Qualified Write TE 

TDHQWR = Data Hold from T.E. Qualified Write TE 
TQWREC = Recovery Time after Qualified Write Strobe TE 

Waitable Microprocessor Interface 
TAURDY = Address Valid to Ready Valid LE 
TCSRDY = Chip Select to Readh Valid LE 

Non-Waitable Microprocessor Interface 
TQDSRY = T.E. Qualified Data Strobe to Not Ready TE 

Either Microj)rocessor Interface 
TNRDY = Time Not Ready 

* ReqUired In Waltable Mode Only 
** See Section 5.0 for maximum 

.. 

RIS 
R 

R 

R 

R 

R 

S 

S 

S 
S 
R 

R 
R 

R 

R 
R 

S 
S 

S 

S 

TABLE 14-1. MICROPROCESSOR BUS TIMING 
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TIMING SPECIFICATION 

TIMING 
35 NS MIN. 

15 NS MIN. 
15 NS MIN. 

30 NS MIN. 
110 NS MIN. 

40 NSMAX. 

95 NS MAX. 

ONSMIN. 

60 NS MAX. 
120 NS MIN. 

110 NS MIN. 

3 CLK MAX . 

30 NS MIN. 

10 NS MIN. 
120 NS MIN. 

50NS MAX. 

35 NS MAX. 

60 NS MAX. 

6CLKMIN. 



TIMING SPECIFICA nON WD60C40A 

BA [9:0] 
------------------------~ 

COLUMN ADDRESS UNDEFINED COLUMN ADDRESS 

I 111111//1 

RB[7:0], RBP 

__ ~x::=x:=\/=,. =========== .. =,.,"'=.,.:,=//=,: .•• ::.,' •• '=., •• :.: •••• :.=, 

NAME REF RIS MINIMUM MAXIMUM 
TCYC = Input CLock Period R 40 NS 

TCKL = Input Clock Low R 17NS 

TCKH = Input Clock High R 17 NS 

TCKR = Input Clock Rise R 5NS 

TCKF = Input Clock Fall R 5NS 

TRAS = lime of RAS Low S 3.5 TCYC - 15 NS II 
TRPC = Time of RAS Precharge S 2.5 TCYC - 5 NS TRFC I 

(RAS High) 

TASR = Address Setup to L.E. RAS FE S TCYC -20 NS TCYC 

TRAH = Address Hold from L.E. RAS FE S TCYC-15NS 

TRCY = RAS Cycle Time S STCYC TRFC •• 

TRFC = Refresh Cycle lime S 32 TCYC 512 TCYC ••• 
(Programmable) 

TT = Transition Time All Outputs S 3 NS 20NS 

•• This specification assumes no other memory requests other than Refresh. 
This is the maximum programmable value. The programmed value is based on DRAM specification. 

FIGURE 14-13. RAS ONLY REFRESH TIMING 
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WD60C40A TIMING SPECIFICA TlON 

elK 

~ OOWMN 
COLUMN 

COLUMN ADDRESS N+2 NEW ROW 
BA[9:0] 

PREVIOUS COLUMN ADDRESS ADDRESS ADDRESS N ADDRESS N+1 ADDRESS 

_ TASR TR'AH rAse I-~ 
TRAS 

RAS .r~TACD~ J 
I_TRPC 

~-~ i w TWCS ~- TCP ffl-;- -~ TWCH ~-

t; , ~ RB[7:0],RBP roS_._TDH 

DRAM READ DATA V WRITE DATA WRITE DATA WRITE DATA UNDEFINED " 
./ 

ADDRESS N ADDRESS N+ 1 ADDRESS N+2 

NAME REF RIS MINIMUM MAXIMUM 
TRAS = Time of RAS Asserted S 3.5 TCYC - 15 NS 

TRPC = lime of RAS Precharge S 2.5 TCYC - 5 NS TRFC 
(RAS High) 

TASR = Address Setup to LE. RAS FE S TCYC -20 NS TCYC 

TRAH = Address Ho[d from LE. RAS FE S TCYC -15 NS 

TRCY = RAS Cycle Time S 6 TCYC 

IT = Transition Time All Outputs S 3NS 20NS 

TRCD = LE. RAS to LE. CAS Delay LE S 2 TCYC - 25 NS 

TCAS = Time of CAS Asserted S TCYC 

TCP = Time of CAS Precharge (CAS S TCYC-20 NS 
High) 

lWP = lime of Write Asserted S 2 TCYC 

TASC = Address Setup to LE. CAS LE S TCKH -15 NS 

TCAH = Address Hold from LE. CAS LE S 1.5 TCYC - 15 NS 

TDS = Data SetuQ to LE. CAS LE S TCKH -15 NS 

TDH = Data Hold from LE. CAS LE S 1 .5 TCYC - 15 NS 

TRSH = RAS Hold from LE. CAS LE S TCYC 

lWCS = Write Setup to LE. CAS LE S TCYC 

lWCH = Write Hold from LE. CAS LE S TCYC 

FIGURE 14-14. PAGE MODE WRITE TIMING 
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TIMING SPECIFICATION 

ClK 

PREVIOUS COLUMN ADDRESS 
BAI9:0] 

RAS 

COWMN ADDRESS N+2 

WD60C40A 

NEW ROW 
ADDRESS 

r-------------'---I,! TeAS:_ -TPCY TRSH __________ _ 
_mpC---"'_TRCD_~. 

~ .. 
I _TCP_ I 

w 

RB[7:O],RBP 

NAME REF RIS MINIMUM MAXIMUM 
TRAS = lime of RAS Asserted S 3.5 TCYC -15 NS 

TRPC = lime of RAS Precharge S 2.5 TCYC - 5 NS TRFC 
(RAS High) 

TASR = Address Setup to L.E. RAS FE S TCYC-20 NS TCYC 

TRAH = Address Hold from L.E. RAS FE S TCYC-15NS 

TRCY = RAS Cycle lime S STCYC 

TT = Transition lime All Outputs S 3NS 20NS 

TRCD = L.E. RAS to L.E. CAS Delav LE S 1.5 TCYC -5 NS 

TCAS = lime of CAS Asserted S TCYC 

TCP = Time of CAS Precharge (CAS S TCYC-20NS 
High) 

TASC = Address Setup to L.E. CAS LE S TCKH-15 NS 

TCAH = Address Hold from L.E. CAS LE S 1.5 TCYC - 15 NS 

TRSH = RAS Hold from L.E. CAS LE S TCYC 

TCAC = CAS Access lime LE R TCYC 

TOFF = Data High-Z Delay TE R ONS 30NS 

FIGURE 14-15. PAGE MODE READ TIMING 

05107191 28-55 

II 
I 



WD60C40A TIMING SPECIFICATION 

eLK 

PREVIOUS COWMN ADDRESS 
BA[9:0] 

COLUMN ADORESS N+2 NEW ROW 
ADDRESS 

;;-~ ~~[~J_ 
..:;w'---------------...-C!tJ-d....-----------
RB[7:0],RBP 

SRAM READ DATA UNDEFINED 

NAME REF RIS MINIMUM MAXIMUM 
TRAS = Time of RAS Asserted S 3,5 TCYC -15 NS 
TRPC = Time of RAS Precharge S 2.5 TCYC - 5 NS TRFC 

(RAS High) 
TASR = Address Setup to L.E. RAS FE S TCYC-20NS TCYC 
TRAH = Address Hold from L.E. RAS FE S TCYC -15 NS 
TRCY = RAS Cycle Time S STCYC 
TT = Transition Time All Outputs S 3 NS 20 NS 
TRWD = L.E. RAS to L.E. Wrne Delay LE S 2TCYC-25NS 
TWCY = Write Cycle S 2 TCYC 
TWPC = Time of Write Precharge S TCYC-20 NS 

(Write High) 
TWP = Time of Write Asserted S TCYC 
TASW = Address Setup to T.E. Write TE S 1.5TCYC-15NS 
TWAH = Address Hold from T.E. Write TE S 5NS 
TDS = Data Setup to T.E. Write TE S 1.5 TCYC -15 NS 
TDH = Data Hold from T.E. Write TE S 5NS 
TRWH = RAS Hold Time from T.E. Write TE S ONS 

FIGURE 14-16. STATIC RAM WRITE TIMING 
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TIMING SPECIFICA TlON WD60C40A 

elK 

PREVIOUS COLUMN ADDRESS ROW COLUMN COLUMN 
COLUMN ADDRESS N+2 NEW ROW 

BAI9:0] ADDRESS ADDRESS N ADDRESS N+1 AOORESS -:'-f TACC_I 

~ ~ ~TAPC --~.: I ~{ '?5l~r t I lWOE -

DE 
, 

_ TQEt_ - TaEI -

W 
, 
, 
, 

RB(7:0],RBP , - TOfF _ 

, 
EAD DATA READ DATI\ READ DATA 

ADDRESS N DRESS N+ CDRESS N+ 

NAME REF RIS MINIMUM MAXIMUM 
TRAS = lime of RAS Asserted S 3.5 TCYC -15 NS 

TRPC = lime of RAS Precharge S 2.5 TCYC - 5 NS TRFC 
(RAS High) 

TASR = Address Setup to L.E. RAS FE S TCYC-20 NS TCYC 

TRAH = Address Hold from L.E. RAS FE S TCYC-15 NS .. 
TRCY = RAS Cycle lime S GTCYC -15NS 

TT = Transition lime All Outputs S 3 NS 20NS 

TROE LE S 2 TCYC -25NS 

TWOE S TCYC 

TOEI S TCYC-20 NS 

TACC R TCYC 1.5 TCYC - 15 NS 

TRRH TE S o NS 

TOE LE R TCYC 

TOFF TE R o NS 30NS 

TRCT S 2 TCYC 

FIGURE 14-17. STATIC RAM READ TIMING 
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WD60C40A 

15.0 PACKAGE DIAGRAMS 

1.185/1.195 
30.099/30.353 

28-58 

!!&Z§ .. 
1.905 

8PlCS 

PIN NO.1 1.0. 

O.1S5m.200 +0.0041-0.000 
~ SEATING PLANE 

J-------- 1.185/1.195 ______ --<-' 
30.099/30.353 

OPTION 
-A-

OPTION C 

FIGURE 15-1. 84 LEAD PLCC 

05107191 

PACKAGE DIAGRAMS 

0.1e51O.200 +.0041-.000 
i1i1i5.iiiO SEATING PLANE 

OPTION 
-8-



Lt) 
a q 

+, 
a 
ex> q 

('t') 
a q 

+, 
a 
Lt) 

0: 

I 

1.100 ! .003 

.438 

0 
\ 

PIN #1 ID 

---- .950 : .003 

------1.080!' .005 -----1 

1-------- 1.100 + .0033--------1 • 

-~ 

WD60C40A 

I 
('t') 
a q 
+, 
a a 
r-: 

.140 ~ .005 

t 
.170 ~ .005 

14 .500 ~I ~ 
~ .025 + .005 • 

------- .780 iii .005 ----------'" 

FIGURE 15-2. 84 LEAD PQFP 
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WD60CBO 

WD60C80 
Error Detection and Correction Chip 

(EDAC) 
FEATURES 
• High speed on-the-f1y Reed-Solomon encoding 

and error detection up to 3 Mbyte/sec when 
clocked at 24 MHz. (Maximum clock frequency 
~ 25.0 MHz) 
-On-the-f1y generation of check bytes and 

syndrome bytes. No latency associated with 
the code generation 

-Programmable polynomial selections (degrees 
4,8,16) 

-Programmable interleave selections (1, 2, 3, 
4,5,8, 10) 

-Optional 4-byte GF(256} CRC 
-Corrects up to 8-byte per interleave, or 80 

bytes per sector 
-Low redundancy overhead (7.8% for 1Kbyte 

sector, degree 16 and 5 interleaves, no CRC) 
-Degree 16 and CRC polynomials are 

compatible with ANSI X3811 standard 
-Programmable sector size up to 2.5Kbyte 

(including data, CRC and ECC) in one-byte 
increments 

-Write (ECC generation) and read (error 
detection) mode of operations 

• Generates syndrome bytes compatible with the 
high-speed correction software algorithm 
licensed by Western Digital Corporation 
-Zero latency delay for sectors with no error 
-Supports correction of single byte error in 

200 Ilsec using 8MHz 80188 microprocessor 
• Fully independent processor port, allowing 

taskfile access at any time at all, independent 
of controller bus activity 
-Full complement of programmable options 

and status information 
-Status bytes with interleave-in-error number 
-Supports simultaneous redundancy 

read/syndrome output transfers 
• The internal 4-byte data path FIFO to capture 

data streams up to 1/5 the clock frequency (S.O 
Mbyte/sec max.) without handshaking 
-Optionally supports the parity bit on the 

controller bus 

• The internal 20-byte syndrome FIFO to support 
continuous back-to-back transfer with minimal 
gap length 
-Supports DMA or programmed I/O up to 1/S 

the clock frequency (S.O Mbyte/sec max.) 
-Syndrome bytes can be directed to the 

controller bus to support single RAM 
application 

• Low cost single chip Error Detection and 
Correction 

• Protocol compatible with the WD60C40 PCM 
and WD10COO Disk SerDes 

• Using Hyperbolic Drivers'" to suppress 
power/ground transient noise 

• Sirigle +SV supply 
• 28 pin PLCC package 
• Implemented in 1114 Ilm dual metal CMOS 

technology 

ADO 
ADl 
AD2 
AD3 
AD4 
AD5 
AD6 

WD60C80 
DEVICE PINOUT 

SDRO 
CDRO 
CDACK 
CDO 
CDl 
CD2 
CD3 

12-12-90 29-1 
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WD60C80 

PIN DESCRIPTIONS 

PIN SYMBOL PIN NAME DESCRIPTION 

1 WE Write Enable TIL Input, Low Active; ANDed with CS, it controls the 
Taskfile write operation by the processor. 

2 CS Chip Select TIL Input, Low Active; Controls the Taskfile access by 
the processor. The pin must be set high during the reset. 

3 FCLK Fast Clock TIL Input; The primary clock input. f ::5 25 MHz. The 
frequency must be greater than or equal to the nominal 
bit transfer rate for the application. 

4 ALE Address Latch TIL Input, High Active; The high level latches the 
Enable multiplexed address vector on AD1-AD3 pins to the 

internal address register to control the Taskfile access. 

5-12 ADO-AD7 Processor Data Bus TIL Bidirectional, True Level; Multiplexed data/address 
bus used by the processor to access the internal Taskfile 
Registers and Syndrome transfer. 

13 CDP/SDACK TIL Bidirectional; Dual-Function Pin. 

COP CD bus Parity TIL Bidirectional, True level; The parity bit input/output 
for the CD bus. 

SDACK Syndrome DMA TIL Input; Active Level Programmable. 
Acknowledge The external DMA controller indicating that the DMA cycle 

is granted. 

14-22 CDO-CD7 Controller Data Bus TIL Bidirectional, True Level; (Less Pin 15) Data, CRC, 
ECC bytes are transferred to/from the target disk 
controller via this bus. An option exists to use this bus 
for the Syndrome transfer. 

15 VSS Logic/Power Ground 

23 CDACJ< Controller Bus TIL Bidirectional, Low Active; 
DMA Acknowledge During the data read phase, WD60C80 reads the data 

on CD bus while this signal (input) is active. During the 
redundancy readlwrite phases WD60C80 inputs/outputs 
the CRC/check bytes while this signal (output) is active. 

24 CDRO Controller Bus TIL Input, High Active; 
DMA Request DMA Request from the target disk controller. It is sampled 

and used for REO ACK protocol between the WD60C80 . 
and the controller/buffer manager during the redundancy 
read/ write phase of the operation. 

25 SDRO Syndrome DMA TIL Output, High Active; Indicates to the external DMA 
Request controller that syndrome bytes are ready to be transferred. 

26 MR Master Reset TIL Input, Low Active; Initializes the chip to the 
power-on default condition. 

27 RE Read Enable TIL Input, Low Active; ANDed with CS, it controls the 
Taskfile read operation by the processor. 

28 VDD Power Supply +5 V + 10% 

DESCRIPTION 

The WD6OCSO Error Detection And Correction (EDAC) 
device is a high-speed, CMOS LSI, deSigned to 
provide high power Reed-Solomon error correction 

code support for the applications where data integrity 
is critical for optical or magnetic disk drives, tape 
drives and communication links. 
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INTRODUCTION 
The WD60C80 Error Detection And Correction (EDAC) 
device is a high-speed CMOS LSI designed to provide 
high power Reed-Solomon error correction code 
support fcir the applications where data integrity is 
critical. 

The WD60C80 generates the Reed-Solomon code 
with the coefficients from GF(256) with the generator 
polynomials of degree four, eight or 16. It also 
generates 4-bytes GF(256) CRC code in order to (a) 
detect mis-corrections and (b) support extended 
correction to correct up to 16 bytes of error per 
interleave (depending on the polynomial degree 
chosen). The degree 16 polynomial and the CRC are 
the standard adopted by ANSI X3811 committee to 
be used for optical disk storage. 

Using degree 16 polynomials and 10 interleaves 
(interleave factors are programmable between one to 
10 in seven steps), the WD60C80 can correct up to 
80 bytes per sector of data with only 160 bytes of ECC 
overhead (164 if CRC is used). 

The WD60C80 can be used to (a) generate ECC bytes 
(hereafter referred to as "check bytes" or 
"redundancies", interchangeably) by reading in the 
data field, or (b) generate the syndrome by reading 
the potentially erred data field and redundancies. The 
external processor needs to perform the actual data 
correction using the syndrome bytes. The software 
support is available from Western Digital Corporation. 

The WD60C80 can be clocked as high as 25.0 MHz, 
and has the maximum byte/sec throughput of 1/8 the 
clock frequency. If this minimum clock frequency 
requirement is met, it can synchronize itself to the data 
flow and performs its function properly. Therefore, if 
an application calls for multiple data rates, this device 
can handle it without having its clock switched. 

The WD60C80 can support the average data rate of 
up to three Mbyte/sec when clocked at 24 MHz, with 
the short burst (four bytes of less) of up to 4.8 
Mbyte/sec. The code is generated on-the-fly at the data 
rate. It supports the sector size (including the check 
bytes and CRC) up to 2,550 bytes in one byte 
increment. Syndrome bytes can be transferred at the 
maximum speed of 4.8 Mbyte/sec when clocked at 24 
MHz, and the internal 20-byte syndrome FIFO allows 
continuous back-to-back transfer of sectors with 
minimal inter-sector gap lengths. 

In order to support the high data rate reliably, it 
employs the proprietary Hyperbolic Driver to suppress 
power/ground transient noise. The ground level 
transient noise is kept to less than 400 mV at all times. 

The WD60C80 is applicable to all areas where error 
correction is important to maintain high data 
throughput and integrity such as controllers for optical 
or magnetic disk drives, tape drives and 
communication links. 

WD60CBO 

The device is implemented using 1% I'm double metal 
CMOS process, and packaged in a 28-pin PLCC. It 
requires a Single + 5.0 Volt ± 10% supply and rated 
at the full specification in the temperature range of 
O°C to 70°C. . 

ARCHITECTURE 
The WD60C80 has two operation modes; 
a) Read mode and 
b) Write mode. 

In read mode, it reads a full block of data and 
redundancies. The acquired data may contain errors, 
so it generates the redundancy code internally, and 
compares them with the acquired redundancies to 
generate syndrome bytes. These syndrome bytes, 
equal in number to the redundancy bytes, are 
transferred to the external processor, who will process 
the information and actually perform the error 
correction. 

In write mode, the WD60C80 reads just the data bytes, 
generates redundancies, and appends them to the 
end of the data byte flow. This formatting function is 
performed on the bus by arbitrating between the 
WD60C80 and the external buffer manager. 

The WD60C80 relies on an external processor to 
setup the desired configuration or to recover from 
operational failure by reading or writing the internal 
taskfile registers, there is a seperate 8-bit port for that 
purpose. This port can be accessed at any time 
regardless of the activity of the data/redundancy 
generator. 

In order to perform the above functions, the WD60C80 
has three distinctive interfaces. 

a) The processor interface (ALE, CS, WE, RE pins) 
b) The controller interface (CDRa, CDACK pins) 
c) The syndrome transfer interface (SDRa, SDACK 

pins). 

The controller bus and syndrome transfer interfaces 
are simple REa-ACK protocol of a regular DMA 
controller. It has two physical ports or busses, eight 
bits wide each. 

a) The processor bus (designated ADx in the pin 
description) 

b) The controller bus (designated CDx in the pin 
description). 

The controller interface works exclusively on the 
controller bus, (designated as COx in the pin-out 
description) handling the target (e.g., disk controller) 
data reads and writes, while the processor interface 
works exclusively for the processor bus, and used to 
access the internal taskfile registers. The syndrome 
transfer interface works on either the processor bus 
or the controller bus, depending on the chosen option, 
to transfer syndrome/status bytes during the read 
operation. 

12-12-90 29-3 
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WD60C80 

The controller bus has an optional ninth bit, which is 
used as the parity bit for higher data integrity. The 
WD60CSO can generate and check for odd parity on 
each byte read/written. It is activated by properly 
setting the Parameter Register. 

Because the device is packaged in a 2S-pin PLCC, 
two pin functions are multiplexed on one physical pin 
and hence not available at the same time. If the parity 
generation/checking is to be supported on the 
controller bus, the DMA mode syndrome transfer must 
be given up, since SDACK (Syndrome DMA 

CDO 

I 
CD7 
COP 

CDRQ -CDACK _ 

SDRQ -SDACK _ 

~ 

_I 

CONTROLLER 
BUS DMA 

SYNDROME 
XFR CONTRL 

DATNECC 
FIFO 

TASKFILE 
REGISTERS 

I r 
I I 

ECC/CRC 
GENERATOR 

Acknowledge) and CDP (Controller Bus Parity bit) are 
assigned the same pin. This pin can be only 
programmed to function as one of the two. Some DMA 
devices (most ones with memory to memory transfer 
capability) and integrated processors (such as Intel"' 
iS01SS/S6) have their DMA function implemented like 
a p.!Q9.rammed I/O (Le., generates Address and RE 
or WE, rather than issuing a DMA Acknowledge), 
which allows for syndrome DMA transfer and parity 
checking at the same time. 

Command Reg 

STRO 
STR1 
STR2 

Parameter Reg 

SSRO 
SSR1 

r-
SYNDROME 

FIFO I--

il 

r-TASKFILE 
~ ACCESS 

CONTROL ~ 
~ 

ADO 
I 

AD7 

ALE 
CS 
RE 
WE 

WD60C80 SIMPLIFIED BLOCK DIAGRAM 
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Data/ECC FIFO is bidirectional, allowing the data and 
ECC/CRC bytes to pass through in the appropriate 
directions. It is four-byte deep, and has special control 
logic that lets a data byte pass through right into the 
ECC and CRC generator if the FIFO is empty, in order 
to improve the overall throughput. 

Syndrome FIFO is unidirectional (read-only) FIFO 
used to smooth the transfer of CRC residue, syndrome 
and status bytes. Its output can be directed to either 
the controller bus or the processor bus. 

There are seven taskfile registers on the processor 
bus. They can be read/written at any time, indepen
dent of the controller bus activity, allowing the external 
processor to interact with the device without any 
special protocol. 

SOFTWARE RESET 

WD60CBO 

Control Sequences 
The WD60CBO has five independent states as listed 
below: 

1) Idling WD60CBO is completely dormant. 

2) Data Read 

3) Redundancy 
Write 

4) Redundancy 
Read 

5) Recovery 

WD60CBO reads data bytes from 
the CDbus. 

WD60CBO writes ECC/CRC to 
the CDbus. 

WD60CBO reads ECC/CRC from 
the CDbus. 

End of a block and reinitialize for 
the next. 

CMDR.ARM-1 

(END OF BLKWR) 
(END OF BLKRD) 

CMDR.SSO-1 

CMDR.SSO-O CMDR.SSO-O 

WD60C80 BASIC CONTROL FLOW DIAGRAM 
= All ECC/CRC bytes written out to the datalECC FIFO. 
= All ECC/CRC bytes processed and the last syndrome byte is output to the 

. syndrome FIFO. 
(STATUS WRITE COMPL) = The final status bytes written to the syndrome FIFO. 

The operational details and the hardware protocol on the bus transactions on each state are described in the 
following sections. 
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Basic Topology 
The WD60C80 is designed to be placed between 
a buffer manager and a target peripheral device 
(e.g., disk serdes). It is assumed that the buffer 
manager and the target will transfer the data bytes 

RE 

17 

using REQ-ACK protocol. The buffer manager is 
normally the DMA master, with the target peripheral 
being the permanent slave. 

SDRQ 'SYNDROME/STATUS 

rACK -
- RAM 

ADO-? 

CDACK- WD60C80 

l:= r+ 
CPU 

'COMMANDS 
CDRQ 

cbo-?,p 

'CONFIG 

DRQ-
BUFFER MGR DACK---. HDC/SERDES 

'DATA 
'ECC/CRC 

WD60C80 BASIC TOPOLOGY 

The WD60C80 listens to the CD bus and (when 
ARMed), picks up a byte every time CDACK pulses, 
as a valid data byte. When all data bytes are read and 
processed, the WD60C80 becomes a temporary bus 
master (Le., it performs the REQ-ACK protocol with 
the target peripheral device) and transfers the ECC 
and CRC bytes. Unless it is used with a buffer 
manager device such as the WD60C40 that has a 
special arbitration mode with WD60C80, some 
external support logic is required between the buffer 
manager DMA and the WD60C80 to give this device 
the control of the bus during Redundancy Read/Write 
phases. 

During the Redundancy Read phase, the WD60C80 
generates syndrome bytes equal in number with the 
ECC bytes. They are output through (by default,) the 
processor bus to the CPU memory. It performs the 
REQ-ACK protocol with the external DMA controller 
(in DMA mode) as a slave device. Optionally, the 
syndrome bytes can be output through the controller 
bus, though due to the external bus arbitration 
overhead, the throughput of the transfer will be much 
lower in this case. 

Controller Bus Interface 
The "Controller Bus" refers to the COO through CD? 
pins plus the optional COP pin which is multiplexed 
with SDACK function. They are used to connect the 
WD60C80 to the bus between the buffer manager 
device and the target peripheral controller device. 
Depending on the option chosen, it can also be a port 
to transfer the syndrome/status bytes during the READ 
operation. This bus behaves in three different manners 
depending on the state the device is in. 

Data Read Phase 
The data read phase (state) is entered when the ARM 
bit of the command register is set high. The WD60C80 
CD bus behaves passively in this mode, with all the 
COx pins and the CDACK pin being inputs. CDRQ pin 
is inactive in this phase. When the CDACK signal 
(issued by the buffer manager) becomes active (low), 
the WD60C80 grabs the data byte on the COO through 
CD? pins and stores it into the internal FIFO. Care 
should be taken that it does not necessarily get the 
data byte at the trailing edge of the CDACK pulse, 
but can actually gets it anytime after four clock cycles 
after the leading edge of the pulse. 
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This is done to speed up the internal processing of 
the data, to shrink the blank time between the Data 
Read Phase and the Redundancy Write Phase. Also 
it should be noted that the GDACK pulse needs to be 
wider than 2.0 clock cycles to insure a proper read. 

The average transfer cycle on the controller bus during 
this phase should not exceed one eighth of the 
WD60G80 clock frequency, which is the rate at which 
the device processes a byte. But in order to be more 
flexible, the transfer cycles can proceed at the 
maximum rate of one fifth the clock frequency (e.g., 
at 25.0 MHz clocking, up to 5 Mbyte/sec) for a short 
span, up to about 10 bytes in length. A longer burst 
than that can result in a data FIFO overflow. 

If the average data rate is slower than one eighth the 
clock frequency, then the WD60G80 will slow down 
automatically and synchronize itself to the bus 
transaction. Therefore, there is no need to tweak the 
clock frequency of the device to match any special 
data rate, as long as the frequency is high enough. 

Redundancy Write Phase 
The WD60G80 enters the Redundancy Write Phase 
(State) if the WRITE operation is chosen in the 
command register, and the prescribed number of 
bytes (i n the sector size register) are read from the 
controller bus and finished processing inside the EGG 
generator. 

In this phase, the WD60G80 performs REQ-AGK 
protocol with the target peripheral device, outputting 
the generated EGG and GRG bytes to the controller 
bus. The GDAGK pin as well as all the GDx pins 
become outputs, and GDRQ input gets activated, the 
WD60G80 becoming the temporary bus master. 
Unless it is used with a buffer manager like the 
WD60G40 which knows when to release the bus, 
some external support logic is necessary between the 
buffer manager and the WD60G80, isolating the buffer 
manager from the DMA protocol to transfer the 
EGG/GRG bytes. In particular, the DAGK output of the 
buffer DMA device must be tri-stated. 

Notice when the WD60G80 shifts from the Data Read 
Phase to the Redundancy Write Phase, there is more 
than a "Byte Time (eight clock cycles)" before the first 
EGG/GRG byte can be output after the last data byte 
is loaded. The worst case latency of 12 clock cycles 
if the data FIFO is empty prior to receiving the last 
data byte; the best case is ten clock cycles. 

Some target devices such as a disk serdes cannot 
tolerate the data transfer latency longer than one byte 
time, so some extra support logic between the 
WD60G80 and the target controller device is 
necessary to support those devices. A few examples 
for this logic are: 

1) Place a data holding register or FIFO in front of the 
target device so that the controller won't run out of 

WD60CBO 

data before the WD60G80 can output the first 
EGG/GRG bytes. This register should be 
bidirectional, for dealing with the Read operation. 

2) Set the WD60G80's clock frequency high enough 
so that the worst case switch-over time is narrower 
than the "one byte time" of the target controller 
device. This method is applicable if the required 
data rate is significantly less than the specified 
maximum clock frequency of the WD60G80. 

After the WD60G80 takes over the bus, it transfers the 
EGG/GRG bytes pretty much at the target data rate 
(eight clock cycles/byte, if FGLK frequency is matched 
to the target data rate). If it is requested and there are 
a few bytes accumulated in the data FIFO, then it can 
transfer as fast as six clock cycles/byte. 

Notice it does not cause a FIFO overflow, if the GDRQ 
pin is held inactive (low) for an extended period of time. 
The WD60G80 will stop generating redundancies 
when the FIFO is full. 

When all the EGG bytes are generated and the data 
FIFO becomes empty (Le., all of them are transferred 
to the target device), then the WD60G80 chagges its 
state to the Recovery Phase. The GDA K pin 
becomes an input again, and the final status 
information is output to the Syndrome FIFO, where 
the processor can read it. 

The WD60G80 changes its state to either the Data 
Read Phase for the next block if the Multiple Sector 
Operation is selected, or to the Idling Phase if the 
Single Sector Operation is selected. 

Redundancy Read Phase 
The WD60G80 enters Redundancy Read Phase 
(State) if READ operation is chosen in the command 
register and the last data byte is input through the 
controller bus, then processed internally. 

Similar to the Redundancy Write Phase, it performs 
REQ-AGK protocol with the target controller device as 
a temporary bus master, but to read GRG/EGG the part 
of the block. Same restrictions and support logic 
requirements apply as the Redundancy Write case. 
Notice at the end of the block, it takes longer to get 
ready for the next block in the READ operation than 
the WRITE operation, because the data/EGG FIFO 
may become full when the last EGC byte is read from 
the controller bus, due to the read-ahead feature on 
this device. If the transfer is taking place at the 
WD60G80 data rate or less, and therefore not utilizing 
the read-ahead feature, then it should take just as long 
as the WRITE mode operation to get back to the Data 
Read Phase of the next block (Multiple Sector 
Operation). 
If extra GDRQs' are generated by the target controller 
at the end of the block, the WD60G80 will generate 
spurious GDAGK pulse and loads whatever is on 
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the CD bus at the time. Since the internal state 
machine knows how many ECC bytes it should 
process, it will not fetch these spurious bytes from the 
FIFO. This prevents the FIFO from becoming empty, 
and consequently, prevents the WDSOC80 from going 
into Recovery Phase. This can cause a system 
hang-up, so care should be taken. 

When the Syndrome-on-the-Controller-Bus option is 
selected, the syndrome output also takes place on this 
bus, physically. The transfer is controlled by the SDRa 
pin (output) and SDACK pin (input), and the bus 
arbitration between the two channels of the DMA is 
expected to be done external to this device. When two 
transfers collide on the bus, neither transfer takes 
place and consequently, both transfers are broken. 
This is an option meant for a low cost application 
where data buffer and the syndrome information share 
the same physical RAM, and it is not expected to be 
used for high throughput applications, where a large 
overhead associated with the DMA arbitration cannot 
be tolerated. 

Processor .Bus Interface 
The processor bus refers to the ADO through AD7 pins 
controlled by ALE, CS, RE and WE pins. Depending 
on the options, the SDRa and SDACK pins also 
control this bus. This bus is used primarily by the 
external processor to setup the operation 
modes/configurations of the WDSOC80 as well as 
reading the operational/error status of the device. It 
is also used as the port to transfer syndrome/status 
bytes during the READ operation, by default. 

Internal Register Interface 
The internal taskfile read/write interface is native to 
the Intel 8085, 8018S, 80188 and 8051 series of 
processors. Other processors with multiplexed 
address/data bus can be readily supported, but some 
external logic is needed to support processors with 
non-multiplexed bus. 

In order to ease the interfacing to the 1S-bit 
processors, some of which insist on even or odd 
boundaries for byte accesses, all internal registers of 
the WDSOC80 are mirrored on even and odd 
addresses. 

The processor can read any register at any time, 
without disturbing the internal operation. Before 
writing to any of these registers, however, it is 
suggested to soft reset the device (set the RST bit on 
the command register). If any options or configurations 
are changed while the device is active, it can disrupt 
the current operation, and in the worst case, it can 
hang up (The soft reset is effective even in the case 
of hang up). Consequently, it is suggested 

that all setups are made before the command register 
is written with the ARM bit set active. 

When the Syndrome FIFO is read.E¥ the processor, 
care should be taken that the CS RE signal is wider 
than 2.0 clock cycles of the WDSOC80, or it can upset 
the internal FIFO pointers. This situation is usually 
detected by the Syndrome/Status stream that is longer 
than expected. Because the pointer information 
cannot be accessed from the outside of the device, 
it is not possible to detect when the error happened, 
leading to a possible miscorrection. 

Syndrome/Status Transfer 
When the WDSOC80 is operating in the READ mode, 
it generates syndrome bytes as it reads ECC bytes 
from the target controller device through the controller 
bus. They can be read using either PIO (programmed 
I/O) mode access, where the access is made just like 
another register read, or DMA mode, where the SDRa 
pin and the SDACK pin are used to perform REa-ACK 
protocol. 

Code Description and Performance 
The WDSOC80 implements Reed Solomon error 
correcting code of degree 1S, distance 17, long 
distance code. There are 1S redundancy (ECC) bytes 
generated per interleave, and it is capable of correct
ing up to eight symbol (byte) errors per interleave in 
any combinations of random and burst errors. This 
polynomial is compatible with the ANSI X3B11 error 
detection and correction encoding standard for 5% 
inch optical storage devices. 

The 32-bit CRC code covered by the same format 
standard is also supported. The same CRC 
polynomial is used regardless of the selection of the 
ECC polynomials. 

In addition, to support high density magnetic storage 
devices which do not require such a wide correction 
span, degree four and eight polynomials are provided 
for smaller ECC overhead (four and eight bytes per 
interleave, respectively), narrower correction span (two 
and four bytes per interleave, respectively), and 
shorter correction time (software dependent). 

The device supports seven different interleave factors 
to optimize between the ECC overhead and 
correctable burst error length, once a proper 
polynomial is chosen. It supports one (no interleave), 
two, three, four, five, eight and 10-way interleaving. 
Because the coefficients of the generator polynomial 
is chosen from the GF(25S), there can be only 255 
symbols or bytes, per interleave including the ECC 
bytes. For that reason, the data field length of a block 
cannot exceed 255 times the interleave factor, less 
ECC/CRC overhead. 
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(The Maximum Data Field Length) 
~ 255 X (Interleave Factor) -

(ECC Overhead)-(CRC Overhead) 

Number of ECC/Syndrome Bytes generated 
(ECC Overhead) 

Interleave Factors 
Polynomial 1 2 3 4 5 8 10 

Degree 16 16 32 48 64 80 128 160 
Degree 8 8 16 24 32 40 64 80 
Degree 4 4 8 12 16 20 32 40 (Bytes) 

CRC Overhead ~ 0 if CRC is disabled. 
~ 4 if CRC is enabled. 

Example: 
For Degree 16, 10 interleave, no CRC, 
(The Maximum Data Field Length) 
~ 255 X 10-160-0 
~ 2,390 Bytes 

WD60CBO 

When used on 512-data-byte physical block, degree 
16 polynomial, with five-way interleave with the CRC 
enabled, there are 103 data bytes in the first two 
interleaves and 102 bytes in the last three interleaves. 
The interleaves 0, 2, 3 and 4 include a byte each of 
CRC, which are also protected by the ECC, then each 
interleave has 16 bytes of redundancy (ECC). 

EXAMPLE BLOCK FORMAT 
(Degree 16, five interleaves, with CRC) 

INTERLEAVE 
o 1 2 3 4 

DO D1 D2 D3 D4 ~ ROW 0 PARITY 

D5 D6 D7 D8 D9 ~ ROW 1 PARITY 

D10 D11 D12 D13 D14 ~ ROW 2 PARITY 

D15 D16 D17 ~ ROW 3 PARITY 

D507 D508 D509 ~ ROW 101 PARITY 

D510 D511 CRCO CRC1 CRC2 ~ ROW 102 PARITY (UPTO D511) 

CRC3 RO R1 R2 R3 

R4 R5 R6 R7 R8 USED TO COMPUTE CRCO-CRC3. 

R9 

LEGENDS: 

R71 R72 R73 DO-D511: 512 BYTES DATA 
CRCO-CRC3: 4 BYTES CRC 
CRO-R79: 80 BYTES ECC 

R74 R75 R76 R77 R78 

R79 

They are output to the target peripheral controller in the order of DO through D511, CRCO through CRC3, RO 
through R79. 

Supported Polynomials 
This section contains the definition of the polynomials 
supported by the WD60C80. Knowledge of the Reed
Solomon Code is assumed. 

Finite Field Definition 
This definition is common to all the polynomials 
including CRC. 

Let Bi represent elements of a finite field generated 
by the polynomial over GF(2): 

p(x) ~ X8 + X5 + X3 + X2 + 1 

The elements of the finite field employed by the code 
are: 

Cti ~ (Bi)88 

12-12-90 29-9 

.. 



WD60CBO 

ECC Generator polynomial for degree 16 
Degree 16, distance 17, self-reciprocal, with 
coefficients from GF(256) 

g(x) = II135 (x + ()i) 
i = 120 

ECC Generator polynomial coefficients in decimal are: 
1 92 160 86 11 68 2 1 167 1 2 68 11 86 160 92 1 

Code Type: 

Redundancy: 

Guaranteed 
Correction 
Span: 

Long distance, interleaved, 
Reed-Solomon code operating on 
one byte symbols: 

Sixteen bytes per interleave. 

Eight random symbol (byte) errors 
per interleave. 

Special 1) Redundancy bytes are 
Considerations: inverted before writing. 

2) The shift register implementing 
the code is initialized to zero. 

ECC Generator polynomial for degree 8 
Degree eight, distance nine, self-reciprocal, with 
coefficients from GF(256) 

g(x) = II 131 (x + (Xi) 

i = 124 

ECC Generator polynomial coefficients in decimal are: 
1 114 71 86 130 86 71 114 1 

Code Type: Long distance, interleaved, Reed
Solomon code operating on one 
byte symbols. 

Redundancy: 

Guaranteed 
Correction 
Span: 

Eight bytes per interleave. 

Four random symbol (byte) errors 
per interleave. 

Special 1) Redundancy bytes are inverted 
Considerations: before writing. 

2) The shift register implementing 
the code is initialized to zero. 

ECC Generator polynomial for degree 4 
Degree four, distance five, self-reciprocal, with 
coefficients from GF(256) 

g(x) = II129 (x + (Xi) 

i = 126 

ECC Generator polynomial coefficients in decimal are: 
16461641 

Code Type: Long distance, interleaved, Reed
Solomon code operating on one 
byte symbols. 

Redundancy: 

Guaranteed 
Correction 
Span: 

Four bytes per interleave. 

Two random symbol (byte) errors 
per interleave. 

Special 1) Redundancy bytes are inverted 
Considerations: before writing. 

2) The shift register implementing 
the code is initialized to zero. 

CRC Generator polynomial 
The data field CRC code is specially constructed so 
that its residue can be adjusted as correction occurs. 
When correction is complete, the residue shall have 
been adjusted to zero. 
Degree four, distance five, coefficients from GF(256) 

g(x) = II 139 (x + (Xi) 

i = 136 

CRC Generator polynomial coefficients in decimal are: 
1 232 194 35 198 

Code Type: Reed-Solomon CRC operating on 
bytes. 

Redundancy: 

Statistical 
Detection 
Capability: 

Four bytes per sector, regardless 
of the number of interleave. 

The data field CRC code fails to 
detect an uncorrectable sector 
with probability of 2.3E-10 
undetected uncorrectable sectors 
per uncorrectable sector. 

Special 1) The CRC code is applied to the 
Considerations: XOR sum of data bytes across 

the interleaves. 
2) Redundancy bytes are not 

inverted before writing. 
3) The shift register implementing 

the code is initialized to zero. 

Probability of uncorrectable error 
Uncorrectable error rate is defined as the ratio of 
uncorrectable events to total bits transferred, and 
expressed in the formula below: 
(Uncorrectable Error Rate) 

where 

n 
e 

k 
P 

Block Errors 1 n 
E 

i n-i 
p (1-p) 

Bit kn i>e 

n! 
r! (n-r)! 

Interleave length in symbols 
Maximum number of symbol errors 
correctable per interleave 
Symbol width in bits (8 bits for WD60C80) 
Raw symbol error probability (symbol 
errQrs/symbol) 

(This formula is quoted from "Product Description for 
the NG851 0", Data Systems Technology.) 
It is assumed that error bursts occur at random 
intervals and each burst is assumed to affect a single 
symbol (one byte). If error bursts cluster or if error 
bursts span more than one symbol, the actual 
uncorrectable error rate will be greater. If each burst 
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is assumed to affect two symbols, the uncorrectable 
error rate becomes twice, and so on. A more complex 
computation is required when each burst is assumed 
to affect more than the number of interleaves 
employed. 

Miscorrection Probability 

Miscorrection probability of the code is 1.6E-6. Only 
those error events where the number of symbols in 
error in a single interleave exceeds eight are subject 
to miscorrection. The probability of transferring 
undetected erroneous data is the product of the 
probability of having more than eight errors in an 
interleave and the miscorrection probability of the 
code. For the degree 16 code, this probability is 
7.7E-23 for a raw burst error rate of 1.0E-4. 

Correction Software Support 

The WD60C80 requires a companion software 
algorithm. This algorithm normally resides in the ROM 
of the external processor. Western Digital licenses the 
software implementing the required algorithm. 

A3,A2,1,0 HEX SYMBOL 

WD60CBO 

Internal Register Description 

The WD60C40 has seven internal taskfile registers to 
set its operation modes, select programmable options 
and configurations, and report operational status. They 
are all accessed through the processor port using 
standard CPU interface with multiplexed address/data 
bus. 

Register Map 

The internal taskfile registers are mapped by the lower 
4-bits of multiplexed address lines. For ease of 
interfacing to 16-bit processors, some of which require 
byte accesses to be on even or odd address 
boundaries, all registers are mirrored on even and odd· 
addresses. 

The address bits are latched by the internal address 
register which retains its contents until the next access, 
upon the ALE pulse input. Hence if a processor does 
not have a multiplexed bus, it can load the register 
address first by pulsing the ALE pin, then perform a 
read or a write in the next instruction. 

NAME RIW,R/O WIDTH 

OOOX 0,1 CMDR Command Register RIW 8 bits 

001X 2,3 STRO Status Register o· R/O 8 bits 
010X 4,5 STR1 Status Register 1 8 bits 
011X 6,7 STR2 Status Register 2 8 bits 
100X 8,9 PRMR Parameter Register RIW 8 bits 
101X A,B SSR1 Sector Size Register RIW 4 bits 
110X C,D SSRO Sector Size Register 8 bits 
111X E,F Syndrome FIFO R/O 8 bits 

Command Register 

CMDR 

BIT7 BITS BITS BIT4 BIT3 BIT2 BIT1 BITO 

I FT I SCB I CRC I SSO I WRTI ARM I RSV I RSTI 

The Command Register is a ReadlWrite register that 
is used to set the WD60C80's operating mode. Since 
this register is used to activate/deactivate the device, 
writing to this register should be the last in the set up 
procedure. 

Bit 0 RST -Software Reset/Abort Current Operation 
Setting this bit high forces the internal reset logic to 
be activated, and the WD60C80 will halt current 
operation and clear itself to the default state. The 
following items are cleared: 

• Command Register except RST bit. 
• Parameter Register. 
• Sector Size Registers. 
• Status Registers. 
• All internal state machines. 
• Both (Data, Syndrome) internal FIFOs. 

This bit does not clear by itself, so it needs to be set 
and then reset later by the external processor. It needs 
to be left set longer than four cycles of the input clock. 

Bit 1 RSV - Reserved 
This bit is reserved for a future enhancement. 

Bit 2 ARM - Activate WD60C80 Function 
This bit, when set high, activates the internal state 
machine of the WD60C80 to begin its operation by 
listening to the CD-bus activity. When low, the device 
is completely dormant. The taskfile should be 
initialized and set up prior to setting this bit. 

Bit 3 WRT - Write Operation 
When set high, the WD60C80 performs a write 
operation i.e., reads a block of data and outputs 
specified CRC/ECC. If it is low (default after reset), 
it performs a read operation (i.e., reads a block of 
data), CRC and ECC and generates a block of 
syndrome bytes, to be read by the external processor. 
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Bit 4 SSO - Single Sector Operation 
When set high, the WD60C80 will operate on one 
block of data before clearing the ARM bit and disabling 
itself. The external processor has to activate the device 
before it can process another block. All other register 
content will be preserved. 
When low (default after reset), it stays active and 
processes consecutive blocks of data until the ARM 
bit is externally cleared to a low. 

Bit 5 CRC - CRC Encoding Enable 
When set high, theWD60C80 activates its internal 
32-bit CRC generator on read and write operations 
for extended correction and lower miscorrection 
probability. It adds four extra bytes to each block, 
between the data field and the redundancy field. 

When low (default after reset), it disables the CRC 
generator. 

Bit 6 SCB - Syndrome Transfer on Controller Bus 
When .set high, the WD60C80 directs the syndrome 
byte output to the controller bus (CDx pins) during the 
read operation thus enabling the user to share a single 
RAM for storing readtwrite data and syndrome 
information. Notice the option is valid only if the DMA 
transfer option is selected on the Parameter Register. 

Parameter Register 

The parity check/generation option therefore is not 
available. When this mode of operation is chosen, it 
is the system designer's responsibility to arbitrate the 
controller bus between the dataJECC transfer and 
syndrome transfer. Due to this overhead, the actual 
throughput of the bus tends to be low, and the 
application should be limited to a low transfer rate 
environment. 

When it is low (default after reset), the device directs 
the syndrome bytes through the processor bus, and 
the external processor or DMA device can perform 
the transfer with either PIO or DMA option 

Bit 7 FT - FIFO Threshold ON 

When set high, the WD60C80 delays setting the 
SDRa pin until at least 10 bytes are accumulated 
inside the syndrome FIFO. This guarantees the burst 
DMA transfer of at least 10 bytes, reducing bus 
arbitration overhead between the processor and the 
DMA device, when the bus bandwidth requirement is 
high. 

When set low (default after reset), the device sets 
SDRa every time there is a byte in the syndrome FIFO. 
In either case, the SDRa will clear itself when the last 
byte in the FIFO is being read. 

PRMR 

BIT7 BIT6 BIT5 BIT4 BI13 BI12 BI11 BITO 

I PCD I SDH I DMA I PS1 I PSO I IS2 I IS1 I ISO I 
The Parameter Register is a ReadlWrite register that is used to set the operating configuration of WD60C80. 

Bit 0-2 ISO-2 - Interleave Factor Selection Code 
These three bits are used to specify the interleave 
factor of the ECC. For more details on interleaving. 

IS2 IS1 ISO Interleave Factor 

0 0 0 5 (Default after reset) 
0 0 1 10 
0 1 0 2 
0 1 1 3 
1 0 0 4 
1 0 1 8 
1 1 X 1 (I.e., no interleaving) 

(X = Don't Care) 

Bit 3-4 PSO-1 - Polynomial Selection Code 
These two bits are used to specify the ECC 
polynomials to be used for the WD60C80 operation. 

PS1 PSO Polynomial 

0 0 Degree 16 (Default after reset) 
0 1 Degree 8 
1 X Degree 4 

(X = Don't Care) 

Bit 5 DMA - Syndrome DMA Transfer Option 
(Parity Check/Generation Disable) If this bit is set high, 
it enables the DMA mode operation on the syndrome 
transfer during the read, and disables the parity 
checker/generator. The DMA mode and parity 
checking are mutually exclusive options, because they 
share the same pin (CDP/SDACK) for their function. 
For DMA mode operation, this pin functions as 
SDACK, along with SDRa, to perform Request
Acknowledge protocol. 

The syndrome bytes will be output through the 
processor or the controller bus depending on the 
selection made in the Command Register. Notice this 
is the only way to direct the syndrome to the controller 
bus. 

If this bit is set low (default after reset), then the 
syndrome transfer is performed in PIO (Programmed 
I/O) mode, where the external processor/DMA device 
accesses the syndrome FIFO as an internal register 
through the-processor bus. An ALE pulse must be 
used to latch the address of the syndrome FIFO (OE 
Hex), then the device activates CS and RE to read it. 
Notice that to properly shift the internal FIFO pointer, 
CS RE pulse width must be wider than two FCLK 
cycles. In this mode, the CDP/SDACK pin becomes 
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the parity bit for the controller bus (CDx pins). When 
a byte is output from this bus, an odd parity (the total 
number of "high" bits in the nine bit field is odd) is 
output on this pin. If parity check is also enabled (see 
PCD bit), the WD60C80 will inspect the incoming data 
for odd parity (odd number of "high" bits at the 
CDO-CD7 and CDP pins) at the trailing edge of CDACK 
signal (input). 

Using the PIO access method, the external processor 
can read the syndrome FIFO regardless of OM A bit 
setting. However, it can upset the byte count of the 
a DMA device if the processor tries to read the FIFO 
concurrently. 

Sector Size Register 

WD60C80 

Bit 6 SDH - SDACK Pin Polarity Option (High 
Active) 
This bit is used to control the polarity of SDACK pin, 
when DMA option is selected. When set high, the 
SDACK becomes a high active signal. 

If set low, it becomes a low active signal, much like 
the CDACK pin. It defaults to active low after reset. 

Bit 7 PCD - Parity Check Disable Option 
This bit disables the parity checker, while leaving the 
parity generator ON. In order for this bit to be effective, 
the DMA bit must be set low, or both parity checker 
and generator is disabled. 

After reset, this bit is set low, enabling the parity 
checker. 

BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 Bin BITO 

SSRO I~I~I~I~I~I~I~I~I 

SSR1 I SS11 I SS10 I SS9 I SS81 

(INTERLEAVE FACTOR + 1) ~ (SSR) ~ (INTERLEAVE FACTOR X 255) - 1 

The Sector Size Register is a ReadlWrite register that 
is used to set the length of the data field of a block. 
The register is 12-bit long, divided into the least 
significant 8-bit and the most significant 4-bit registers. 
The external processor is expected to set these 
registers to (number of data bytes - 1) prior to ARMing 
the device. 

The contents of these registers are not decremented 
on each byte transferred, but rather, used to compare 
with the output of the internal data byte counter. 
Therefore, once they are loaded, the value stays intact 
until another value is loaded. This makes it convenient 
for multiple sector operation. 
Example: 

In order to set for the data field length of 1,024 bytes, 
(Sector Size Register) ~ 1,024 -1 ~ 1 ,023 ~ 3FF Hex 
Store FF Hex to SSRO 
Store 03 Hex to SSR1 

Status Registers 

Although it is a 12-bit register, the maximum data field 
length is limited to 255 times the specified interleave 
factor. This limitation is imposed by the finite field 
theory, which limits the length of any interleave to be 
less than or equal to 255 bytes due to the usage of 
coefficients from GF(256). The WD60C80 hardware 
requires at least one byte of data in each interleave 
to insure proper operation, therefore the minimum data 
field length is one plus the interleave factor. Violation 
of this rule may lead to all-zero CRC and all-FF(Hex) 
ECC bytes. 
Example: 

If degree 16, 10 interleave is selected, 
11 ~ (SECTOR SIZE REGISTER) ~ 2,389. 
The total sector length (less ID field) is: 
(SECTOR SIZE REGISTER) + 1 + 4 (CRC BYTES) 
+ 160 (ECC BYTES) 

(SECTOR SIZE REG) + 1 4 160 Bytes 

DATA FIELD CRC I ECC I 

BIT1 BIT6 BIT5 BIT4 BIT3 BIT2 Bin BITO 

STRO I NIU I NIU I PERR*I DFO*I SFO I EERR I sORa'l BUSYII 

STR1 117E I 16E I 15E I 14E 113E I 12E I 11E 

STR2 I N/U I CERR I PERR*I DFO*I SFO I EERR I 19E 

NIU ~ Not Used 

All bits are cleared at the end of the data field except: 
* marked bits clear at the end of the current block. 
I marked bits are. real time signals and not latched. 
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to 

DATA FIELD 

The Status Registers are Read-Only registers that 
report operational status and error conditions of 
WD60C80. The values of STR1 and STR2 at the end 
of each block are also sent to the syndrome FIFO to 
be read by the host processor during read or write 
operations to check for any failures. STRO is intended 
for general checking of the operational status of the 
device, so a few bits of information are covered in both 
STRO and STR2. 

Byte 0 Bit 0 BUSY - Device Busy 
This is a real time signal indicating the active status 
of the WD60C80. When ARM = 1 is written to the 
command register, this bit is set high, indicating the 
active status. When a single sector operation is 
specified, this bit is cleared at the end of each block. 
Otherwise it stays ON until the ARM bit is externally 
cleared or reseVabort is activated. 

Byte 0 Bit 1 SDRQ - Syndrome li'ansfer 
DMA Request 

This is a real time signal indicating the syndrome FIFO 
has syndrome/status bytes inside and ready for 
transfer. This is similar to the SDRQ pin, except it 
ignores the FIFO threshold option. It is intended to 
be used with the PIO mode of syndrome transfer 
operation. 

Byte 0 Bit 2 EERR - ECC Error Found 
Byte 2 Bit 2 
This is a latched status indicating that during the read 
operation, the device found a discrepancy(ies) 
between the internally generated ECC and retrieved 
ECC. 

When this bit is set high, one or more of the "Interleave 
n in error" bits should also be set high. If there is an 
error(s), this bit is set during the ECC field of the block 
in question, and stays valid until the end of the data 
field of the next block. 

Byte 0 Bit 3 SFO - Syndrome FIFO Overflow 
Byte 2 Bit 3 
This is a latched status indicating that during the read 
operation, the syndrome FIFO suffered an overflow 
due to insufficient access by the processor or DMA 
device. A syndrome byte is generated every time a 
redundancy byte is received and processed, and the 
system is expected to read them out at least at the 
data rate. The syndrome FIFO is 20-byte deep to 
smooth out the traffiC on the bus, but most operations 
generate more than 20 bytes of syndrome/status. 
When an overflow occurs, the syndrome transfer logic 
still delivers the correct number of bytes, but there will 
be several garbage bytes among those transferred. 

~t 

NEXT DATA FIELD 

• bits are cleared 

This bit stays valid until the end of the data field of 
the next block. 

Byte 0 Bit 4 DFO - Data FIFO Overflow 
Byte 2 Bit 4 
This is a latched status indicating that during the read 
or write operation, the data FIFO suffered an overflow, 
due to excessive transfer on the controller bus, or the 
FCLK frequency is too low. The device is expected 
to be clocked at least eight times the required data 
rate in byte/sec, and it is capable of supporting a 
10-byte burst of 1/5 the clock frequency. Since the 
WD60C80 does not have any means of handshaking 
during the data read phase, any transfer rate adjust
ment must be made between the buffer manager and 
the target device, such as a disk controller, on the 
controller bus. When the overflow occurs, the device 
typically appears to be operating properly, except it 
has this error flag set and most likely generates wrong 
CRC and ECC codes. This bit stays valid till the end 
of the current block. 

Byte 0 Bit 5 PERR - Parity Error Detected on 
Controller Bus 

Byte 2 Bit 5 
This is a latched status indicating parity error detection 
on the controller bus during the read or write 
operation. During the data read phase (if PIO option 
is selected and Parity Check is enabled), the 
WD60C80 checks for odd parity on the controller bus 
at the trailing edge of the CDACK signal (input). An 
odd parity is when you an have odd number of "high" 
bits in the nine-bits field (CDO-CD?, CDP). If any error 
is detected, this flag is set and stays valid until the 
end of the current block. This error flag, however, does 
not disturb other operations of the device, so its 
operation will complete as normal. It is the 
responsibility of the system firmware to analyze and 
recover from the error. 

Byte 1 Bit 0 IOE - Interleave 0 in Error 
This is a latched status indicating an ECC error(s) is 
detected in the first interleave, during the read 
operation. The processor should be able to find non
zero syndrome bytes belonging to this interleave. The 
bit is set during the ECC field and stays valid until the 
end of the data field of the next block. 

Byte 1 Bit 1 11E - Interleave 1 in Error 
This is a latched status indicating an ECC error(s) is 
detected in the second interleave, during the read 
operation. The processor should be able to find non
zero syndrome bytes belonging to this interleave. The 
bit is set during the ECC field and stays valid until the 
end of the data field of the next block. 
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Byte 1 Bit 2 12E - Interleave 2 in Error 
This is a latched status indicating an EGG error(s) is 
detected in the third interleave, during the read 
operation. The processor should be able to find non
zero syndrome bytes belonging to this interleave. The 
bit is set during the EGG field and stays valid until the 
end of the data field of the next block. 

Byte 1 Bit 3 13E - Interleave 3 in Error 
This is a latched status indicating an EGG error(s) is 
detected in the fourth interleave, during the read 
operation. The processor should be able to find non
zero syndrome bytes belonging to this interleave. The 
bit is set during the EGG field and stays valid until the 
end of the data field of the next block. 

Byte 1 Bit 4 14E - Interleave 4 in Error 
This is a latched status indicating an EGG error(s) is 
detected in the fifth interleave, during the read 
operation. The processor should be able to find non
zero syndrome bytes belonging to this interleave. The 
bit is set during the EGG field and stays valid until the 
end of the data field of the next block. 

Byte 1 Bit 5 15E - Interleave 5 in Error 
This is a latched status indicating an EGG error(s) is 
detected in the sixth interleave, during the read 
operation. The processor should be able to find non
zero syndrome bytes belonging to this interleave. The 
bit is set during the EGG field and stays valid until the 
end of the data field of the next block. 

Byte 1 Bit 6 16E - Interleave 6 in Error 
This is a latched status indicating an EGG error(s) is 
detected in the seventh interleave, during the read 
operation. The processor should be able to find non
zero syndrome bytes belonging to this interleave. The 
bit is set during the EGG field and stays valid until the 
end of the data field of the next block. 

Byte 1 Bit 7 17E - Interleave 7 in Error 
This is a latched status indicating an EGG error(s) is 
detected in the eighth interleave, during the read 
operation. The processor should be able to find non
zero syndrome bytes belonging to this interleave. The 
bit is set during the EGG field and stays valid until the 
end of the data field of the next block. 

Byte 2 Bit 0 18E - Interleave 8 in Error 
This is a latched status indicating an EGG error(s) is 
detected in the ninth interleave, during the read 
operation. The processor should be able to find non
zero syndrome bytes belonging to this interleave. The 
bit is set during the EGG field and stays valid until the 
end of the data field of the next block. 

Byte 2 Bit 1 19E - Interleave 9 in Error 
This is a latched status indicating an EGG error(s) is 
detected in the tenth interleave, during the read 
operation. The processor should be able to find non
zero syndrome bytes belonging to this interleave. The 
bit is set during the EGG field and stays valid until the 
end of the data field of the next block. 

WD60CBO 

Byte 2 Bit 6 CERR - CRC Error Detected 
This is a latched status indicating a GRG error is 
detected during the read operation. The processor 
should be able to find non-zero GRG residue. This bit 
is set during the GRG field and stays valid until the 
end of the data field of the next block. 

Syndrome FIFO 
Syndrome FIFO is a Read-Only 20-byte deep FIFO 
register used to transfer syndrome I status bytes 
during the read operation. It can be accessed either 
in DMA or in PIO mode, by setting up the Parameter 
Register properly. Even if it is set up for DMA mode 
transfer, the processor can still read it through PIO 
mode access, but the reverse is not true. Its status 
is indicated by the SORa pin and the SDRa bit in the 
status register byte O. 

Timing Relationship between the Data flow and 
Syndrome Transfer 

Gontroller 
Bus 

Syndrome 
Bus 

to t 

~==~==~====~ •• 
DATA FIELD CRC ECC 

CRC SYNDROME I ~l ~J 
RESIDUE BYTES 1 ~ ~ 

Syndrome FIFO cleared 

During the read operation, the host must read through 
this FIFO, four bytes of GRG residue (if GRC option 
is set), syndrome bytes (number of bytes varies 
depending on the EGC polynomial and the interleave 
factor) and two bytes of final status (copies of status 
register byte 1 and 2, at the end of the block), in that 
order. During the GRC and ECC field, one byte is 
generated every eight FCLK cycles, and accumulated 
in this FIFO. It is the host's responsibility to read them 
out before the FIFO overflow occurs, or he can lose 
several syndrome bytes. 

Number of Syndrome Bytes generated 

Interleave Factors 
Polynomial 1 2 3 4 5 8 10 

Degree 16 16 32 48 64 80 128 160 
Degree 8 8 16 24 32 40 64 80 
Degree 4 4 8 12 16 20 32 40 (Bytes) 

(Total # of bytes to be transferred) 
= GRG Residue (4) + Syndrome Bytes + Status Bytes (2) 

During the write operation, no syndrome bytes are 
generated, but two bytes of final status are reported 
through this FIFO at the end of each block. 

Regardless of FIFO threshold option, SDRa will be set 
high (true) at the end of the block. 

12-12-90 29-15 

.. 



WD60C80 

The syndrome FIFO is cleared of its contents at the 
end of the data field of every block. So the external 
host has until the end of the next data field to finish 
reading the syndrome bytes, as long as there is no 
FIFO overflow. 

The host can read them out as fast as one fifth of the 
clock frequency, but care must be taken to insure the 
~ RE pulse width (PIO mode) or SDACK width 
(DMA mode) to be more than 2.0 clock cycles. The 
supported DMA protocol is the slave side of demand 
driven burst transfer (Le., SDRQ stays high (true) as 

DC ELECTRICAL CHARACTERISTICS 
ABSOWTE MAXIMUM RATINGS 

long as there is a byte in the FIFO), and the external 
master DMA device can read them out in a burst, until 
SDRQ clears. 

If, for any reason, the DMA device tries to read the 
syndrome FIFO when SDRQ is not set, not only it is 
likely to get a garbage byte, but that may also also 
upset the internal FIFO pointer, thereby making the 
next-to-be-read syndrome byte inaccessible. This 
situation is not reported in the status register, so one 
must be careful to insure sufficient setup and hold time 
for the DMA protocol. 

The absolute maximum ratings indicate where permanent damage to the device may occur if exceeded. 
Continuous operation at these limits is not intended and should be avoided. 

Operating Temperature .............................................. O°C (32°F) to 70°F (15S0F) 
Storage Temperature .......................................... -55°C (-67"F) to +125°C (257°F) 
Minimum Voltage on any pin with respect to Vss .......................................... -0.3V 
Maximum Voltage on any pin with respect to Voo ......................................... +0.3V 
V 00 with respect to V ss .............................................................. + 7.0V 

DC OPERATING CHARACTERISTICS 

The following characteristics apply to the WD60CSO device in the given conditions, in the ambient temperature 
between O°C and 70°C. 

SYMBOL CHARACTERISTIC MIN NOM 

Voo Power Supply Voltage 4.50 5.00 

100 Power Supply Current 

[1] Ta = O°C, FCLK frequency = 25.0 MHz, all outputs open. 

FOR ALL INPUTS: 

SYMBOL CHARACTERISTIC 

IlL Input Leakage Current 

VIL Input Low Level Voltage 

VIH Input High Level Voltage 

(2) Input Voltage = Voo 

FOR ALL OUTPUTS: 

SYMBOL CHARACTERISTIC 

loz Output Leakage Current 

VOH Output High Level 
Voltage 

VOL Output Low Level 
Voltage 

(3) Output Voltage = Voo 

MIN 

2.0 

MIN 

2.S 
2.S 

(4) Applies to ADO through AD7 pins only. 10 = -2.5 mA 
[5] Applies to ADO through AD7 pins only. Is = +6.0 mA 

NOM 

NOM 

(6) Applies to all other outpuUbidirectional pins. 10 = -1.0 mA 
(7) Applies to all other outpuUbidirectional pins. Is = +2.0 mA 
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MAX UNIT CONDo 

5.50 V [1] 

25.0 mA [1] 

MAX UNIT CONDo 

10.0 ~ (2) 

O.S V 

V 

MAX UNIT CONDo 

10.0 ~ [3] 

V (4) 
V [6] 

0.4 V [5] 
0.4 V [7] 
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DC OPERATING CHARACTERISTICS (continued) 

SYMBOL CHARACTERISTIC MIN 

ILU Latch Up Current 

AC TIMING CHARACTERISTICS 

REF NAME DESCRIPTION REFERENCE I R/S I TIMING 
I 

* Reference Number on * The Reference Edge 
the Timing Waveform Diagram. to which the Timing is Specified. 

I L.E. = Leading Edge 
* Abbreviated Symbol T.E. = Trailing Edge 

the Timing is Referred. I.C. = Initial Condition 

* Classification of I I I 
Requirement/Specification 
R = Requirement on the External Interface 
S = WD60CSO Output Timing Specification 

I II 

All the timing specifications assume the voltage levels shown below. 
Capacitive loading on ADO-AD7 pins are 100 pF, and all other outputs are 50 pF. 

O.SV'\ 
REFERENCED EDGE I 

(INPUT) 2.0/!' 

f4-

~ow VOH 

SIGNALS GOING LOW 
(OUTPUT) 

+-- ~2.0V 
SIGNALS GOING HIGH / (OUTPUT) 

VOH 

O.SV'{ 
REFERENCED EDGE I 

(OUTPUT) 2.0/( 

VOL ...-

~ow 
SIGNALS GOING LOW 

(INPUT) 

SIGNALS GOING HIGH +-- --+-I 2.OV 

(INPUT) / 
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OUTPUT SIGNAL 

~ __ V_OH* 

_____ ..J011122bi. \l~ OO_.8V_. ______ _ 

REF NAME DESCRIPTION REFERENCE R/S TIMING 

1 TR Output Rise Time From VOL to 2.0V S 25 nsec 
2 TF Output Fall Time From VOH to 0.8V S 25 nsec 

OUTPUT RISE/FALL TIMING 

r" 3 .~" 5 :v FClK 

,- 6 -I 
MRST- \ I 

REF NAME DESCRIPTION REFERENCE R/S TIMING 

1 ClK FClK Cycle Time" R 40 nsec 
R 60 nsec 

2 TCR FClK Rise Time R 10 nsec 
3 TCH FClK High Time R .4 ClK 
4 TCF FClK Fall Time R 10 nsec 
5 TCl FClK low Time R .4 ClK 
6 TMR MR Pulse Width R 80CLK 

" This specification is used to define several other timings. 
[1] The maximum clock frequency is 25 MHz if Degree 4 or Degree 8 polynomial is selected. 
(2] If the Degree 16 polynomial is selected, the maximum clock frequency is 16.7 MHz. 

CLOCK/RESET TIMING 
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Max 

Min [1] 
Min [2] 

Max 
Min 
Max 
Min 
Min 



\.-1-.1 
ALE J \\... _____________ _ 

(AEAD CYCLE) 

CS 

~7--r 
--------+---~ '~----------

~8 

WD60CBO 

ADO-7 (HIGH IMP)-

(WAITE CYCLE) 

CS 

ADDA VALID 
(INPUT) 

DATA OUT VALID 
(OUTPUT) 

i1--11---f ---------------..., t 12 j'r .. -13-... -,-------

ADO-7 -< XIJ//IJM )~--
(INPUT) ADDA VALID DATA IN VALID 

REF NAME DESCRIPTION REFERENCE RIS 

1 TALW ALE Pulse Width A 
2 TAOS Address Setup Time Before T.E., ALE A 
3 TADH Address Hold Time After T.E., ALE A 
4 TRWD AE/We Setup Time After T.E., ALE A 
5 TCSE CS Setup Time Before L.E., AEIWE A 
6 THLD CS Hold Time After T.E., AEIWE A 
7 TAE AE Pulse Width A 

8 TDAC Data Output Delay After L.E., AE S 
9 TDOH Data Hold Time After T.E., AE S 
10 TDOT Data Bus High imp. After T.E., AE S 
11 TWE WE Pulse Width A 
12 TDS Data Setup Time Before T.E., WE A 
13 TDH Data Hold Time After T.E., WE A 

[1) This restriction applies only when reading the syndrome FIFO. 

TASKFILE ACCESS TIMING 
(Including PIO mode Syndrome Transfer) 

12-12-90 

TIMING 

50nsec 
15nsec 
15 nsec 
15 nsec 
Onsec 
Onsec 

120 nsec 
2.0CLK 
95 nsec 
20 nsec 
75 nsec 

130 nsec 
50nsec 
10 nsec 

Min 
Min 
Min 
Min 
Min 
Min 
Min 

Min [1) 
Max 
Min 
Max 
Min 
Min 
Min 
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CONTROLLER BUS TIMING 

'--1: ------_5~·1_"-----2~~-=::1 
~~~~-. --~f~---------~/------~\~---------

1--3 ~--I" - 6---+1--1++1" 4_1 
CD0-7,CDP 711 llillJlil/1X XIII!!II ////II /jJ/!//IIJX,-__ 
(INPUT) DATA IN VALID 

REF NAME DESCRIPTION REFERENCE RIS TIMING 

1 TCDK1 CDACK INP Pulse Width R 2.0 ClK + 10nsec Min 
100 JLsec Max 

2 TCDC1 Transfer Recovery Time After T.E. CDACK R 2.0 ClK + 20 nsec Min 
3 TACC1 Data Access Time After L.E. CDACK R 4.0 ClK - 80 nsec Max 
4 TCDH1 Data Hold Time After T.E. CDACK R 10 nsec Min 
5 TCCDK Transfer/Cycle Time Between L.E. CDACK R 5.0 ClK Min 
6 TCDS1 Data Setup Time Before T.E. CDACK R 40 nsec Min 

REDUNDANCY READ TIMING 

CDRO ---1 ,'-------
(INPUT) /4- 1 --.j.. _ I----'- 2 ---l t 3-4-)=-~4~~ 
=UT) ·C--l-----~·~ ,'-_____ ---Jr-

CD0-7 7f111111!/J/J/j/ /l1i;mt 'll//////!J////J//J//I///I//// IiJl/A 
(INPUT) DATA IN VALID 

REF NAME DESCRIPTION REFERENCE RIS TIMING 

1 TCDD CDACK Synchro Delay After L.E., DRO S 2.0ClK Min 
4.0 ClK + 20 nsec Max 

2 TDRR CDRO Reset Timing After L.E., CDACK R 2.0 ClK - 15 nsec Max 
3 TCDK2 CDACK Out Pulse Width S 4.0 ClK - 40 nsec Min 
4 TDCD2 CDACK Recovery Time After T.E., CDACK S 2.0ClK Min 
5 TACC2 Data Valid Delay Time After L.E., CDACK S 4.0 ClK - 80 nsec Max 
6 TCDH2 Data Hold Time After T.E., CDACK S 10 nsec Min 

DATA READ TIMING 
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CORa ------' \ 

:: ___ I-__ 1_J--.~.t---_ 3 _I. 4----..r-2 --I~------
~,:"" t,~ Ig7-lr------....J1 

~mm _; ~(HIGH IMP) 

'J..i=,II"'"--t:I;·~~=D-:.A:::::i1i .. _A;]_o~gt,..==~~-:::~--.=--.....-j COP ___________ _ ______ _ 
(OUTPUT) ~~~---::-__ --' (HIGH IMP) 

PARITY VALID 

REF NAME DESCRIPTION REFERENCE RIS TIMING 

1 TCDD CDACK Synchro Delay After l.E., CDRQ S {2.0ClK Min 
4.0 ClK + 20 nsec Max 

2 TDRR CDRQ Reset Timing Afterl.E., ~ R 2.0 ClK - 15 nsec Max 
3 TCDK2 CDACK Out Pulse Width S 4.0 ClK - 40 nsec Min 
4 TCDC2 CDACK Recovery Time After T.E., CDACK S 2.0ClK Min 
5 TCDD Data Valid Delay Time After l.E., CDACI(' S 45 nsec Max 
6 TCDH2 Data Hold Time After T.E., CDACK S 20 nsec Min 
7 TCDOT Data Bus High Imp. After T.E., CDACK S 50 nsec Max 
8 TCDPD Parity Bit Delay Time After CD0-7 Valid S 20 nsec Max 
9 TCDPT Parity Bit High Imp. After CD0-7 H.I. S 10 nsec Max 

REDUNDANCY OUTPUT TIMING 

.. 
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PHASE CHANGE TIMING 

1--5~ 
'/(//J//I/I/I/I////i//I11///// I \ I: 2:1 •. ~ 61 

~ -(IN-:-p--Un~\'-__ -J/ (OUTPUn \'-__ -J/r ----

CORa 

~4-1 3 I 
(WRITE MODE OPERATION) I--------.j 

CD0-7, P WJ////////;X,-_~ ( ) 
(INPUT THE LAST DATA BYTE) (OUTPUT THE FIRST REDUNDANCY) 

(READ MODE OPERATION) 

CD0-7, P WI///////~///////////////J/J/hX X'I////J/j/h 
(INPUT THE LAST DATA BYTE) (INPUT THE FIRST REDUNDANCY) 

REF NAME DESCRIPTION REFERENCE RIS TIMING 

*WRITE Mode Operation (Assumes FIFO empty prior to receiving the last data) 
TSOlW Switch Over Cycle Time After L.E., CDACK S 10.0 ClK Min [1) 

12.0 ClK + 25nsec Max[1) 
CDACK Direc. Reversal 2 TCDlW After L.E., CDACK S 4.0 ClK Min [2] 

6.0 ClK + 25nsec Max[2] 
3 TSOTW Switch Over Delay After T.E., CDACK S 2.0 ClK Min 
4 TCDTW CDACK Direc. Reversal After T.E., CDACK S 1.0 ClK Min 

*READ Mode Operation (Assumes FIFO not full after receiving the last data) 

1 TSOlR Switch Over Cycle Time After L.E., CDACK S 6.0 ClK Min[1] 
8.0 ClK +24nsec Max[1) 

2 TCDlR CDACK Direc. Reversal After L.E., CDACK S 4.0 ClK Min[2) 
6.0 ClK + 25nsec Max[2) 

3 TSOTR Switch over Delay After T.E., CDACK S 2.0 ClK Min 
4 TCDTR CDACK Direc. Reversal After T.E., CDACK S 1.0 ClK Min 

*WRITE/READ Operations 

5 I TCDD I CDACK Synchro Delay I After L.E., CDRQ 
6 TCDK2 CDACK Out Pulse Width 

[1] This specification applies if TSOTRIW is met. 
[2) This specification applies if TCDTRIW is met. 
[3) This specification supercedes TSOlRIW and TCDlRIW. 

PHASE CHANGE TIMING 
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I .. -I 
CORa 

I \ I 

CDACK 
f4-2-+j 

(OUTPUT) \ I (INPUT) \ r-
--(ECC READIWRITE PHASE) ..j .. (RECOVERY) .. I .. (DATA READ PHASE)---

REF NAME DESCRIPTION REFERENCE RIS TIMING 

1 TSWI Interblock Gap Time After L.E., CDACK R 15.0ClK Min (Write OP) 
47.0 ClK Min (Read OP) 

2 TCDI CDACK Direc. Reversal After L.E., CDACK S 1.0ClK Min 

INTER·BLOCK GAP TIMING 

SDRQ --' \~ ________ _ 

(OUTPUT) j..---1 ----t .. ~I. 3 _,_ 4---.r-2~ 
·SDACK -------, I \ r-
(INPUll r= .~ :i1 
ADO-7 ________ 5_~-c ·~(HIGH IMp)-

(OUTPUT) DATA OUT VALID 

REF NAME DESCRIPTION REFERENCE RIS TIMING 

1 TSDD1 SDACK Setup Time After L.E., SDRQ R Onsee Min 
2 TSDR SDACK Reset Timing After L.E., SDACK S 80 nsec Max 
3 TSDK1 SDACK Pulse Width R 3.0ClK Min 
4 TSDC1 Transfer Recovery Time After T.E., SDACK R 2.0 ClK + 10 nsee Min 
5 TSDA1 Data Output Delay After L.E., SDACK S 85 nsec Max 
6 TSDH1 Data Hold time After T.E., SDACK S 40 nsec Min 
7 TSDT1 Data Bus High Imp. After T.E., SDACK S 85 nsec Max II 

DMA TRANSFER TIMING (SYNDROME ON PROCESSOR BUS) 
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SDRQ --1 ,~ ________ _ 
(OUTPUT) !+-1---..c"1 1+2+\ 

• 3 "I_ 4~ 
·SDACK ---------., I , r-
(INPUl] r= ~ :r1 
CDO-7 _________ 5_~-< 6 jr- (HIGH IMP)-

(OUTPUT) DATA OUT VALID 

REF NAME DESCRIPTION REFERENCE RIS TIMING 

1 TSDD2 SDACK Setup Time After L.E., SDRQ R o nsec Min 
2 TSDR SDACK Reset Timing After L.E., SDACK S 
3 TSDK2 SDACK Pulse Width R 4.0 CLK Min 
4 TSDC2 Transfer Recovery Time After T.E., SDACK R 2.0 CLK + 10 nsec Min 
5 TSDA2 Data Output Delay After L.E., SDACK S 110 nsec Max 
6 TSDH2 Data Hold Time After T.E., SDACK S 40 nsec Max 
7 TSDT2 Data Bus High Imp. After T.E., SDACK S 120 nsec Max 

• SDACK low active option is shown. 

SYNDROME TRANSFER TIMING (SYNDROME ON CONTROLLER BUS) 

29-24 12-12-90 



PACKAGE INFORMATION 

.fIlS 8 PLACES 
1.OOs 

.170±.OlS 
4.318+.381 

~_ - ...... 050 TYP 
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DESCRIPTION 

1.0 DESCRIPTION 
The WD61 C23A is a high integration, high perfor
mance, low cost controller for hard disk drives. This 
device contains XT and AT interfaces, buffer 
manager, and disk data formatter. The disk data 
formatter only controls the formatting and serializa
tion of the disk drive data. Head positioning, head 
selection, etc. are expected to be supported by 
other devices. This device, together with the 
WD61 C12 servo/spindle controller and the 
WD10C27 ENDEC/Data Synchronizer/Frequency 
Synthesizer device, forms a high performance, high 
integration chip set for embedded drives. 

1.1 FEATURES 

1.1.1 Host Interface 

Compatible with PC/AT and PC/XT interfaces 

Supports PC/AT I/O speeds up to 16 MHz 

Internal 24 mA drivers and Schmitt-trigger 
receivers for direct connection to the PC/XT 
or PC/AT system bus 

Host transfer rates up to 5 Mwords/sec 
(10 Mbyte/sec) 

Master/slave mode allows two AT drives on 
one connector. Hardware ignores host com
mands when drive is not selected. 

DMA and PIO data transfers. Supports EISA
type B DMA (4 Mbytes/sec). 

Automatic ORO assertion in AT mode for 
Write, Write Buffer, Write Long, and Format 
commands 

Automated Task File update in AT mode for 
Read, Write, Read Multiple, and Write Multi
ple commands allows multiple sectors to be 
transferred without microcontroller interven
tion. Programmable delay from end of trans
fer to next HIRO pulse 

WD61C23A 

Directly support AT IDE, two-chip select inter
face or standard AT, one-chip select, four ad
dress interface 

PCMCIA interface support (HIRO and HRST 
polarity control 

Supports non-AT compatible ORO enable bit 
in Fixed Disk Register 

Guaranteed wide index status to AT host 

High current I/O ports to handle PDIAG and 
DASP controls in AT mode 

Reset control logic combines hard and soft 
resets from host and generates either sys
tem reset, microcontrolier interrupt, or both 

1.1.2 Buffer Manager 

Direct interface for up to 256 Kbytes of static 
RAM 

Up to 13.5 Mbyte/sec RAM bandwidth (27 
MHz crystal) 

Supports scatter-gather and segmented 
caching 

Multisector arming of buffers reduces 
firmware overhead requirements 

Supports Write Caching (allows control of 
auto-ORO buffer address) 

Automatic segment wrap control for segment 
sizes from 4 Kbytes to 256 Kbytes 

24 byte host FIFO and 12 byte disk FIFO 

ADVANCED INFORMATION 11127191 30-1 
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1.1.3 SERDES 

Data rate of 27 Mbps NRZ 

Supports embedded servo 

Proprietary data field segmentation allows 
for optimal selection of servo sample frequen
cy, ZBR support, and defect management. 
Up to four segments per data field. 

Multiple defect management schemes sup
ported: byte level push-down, sector level 
push-down, and sector relocation. 

Software selectable 5S-bit ECC, 32-bit ECC, 
or 1S-bit CRC for data fields 

Degree S, 3-way interleaved Reed Solomon 
ECC with inlaid 32-bit CRC. Can correct 
single bursts up to 17 -bits on-the-fly without 
microcontroller intervention. Can correct up 
to nine random bytes using software correc
tion. 

Data Byte Sync redundancy 

ID redundancy 

Software selectable 32-bit ECC or 1S-bit 
CRC for ID fields 

DESCRIPTION 

1.1.4 Miscellaneous 

Supports Intel-type and Motorola-type 
microcontrollers. Muxed address/data bus. 

Compatible with the newer high performance 
microcontrollers such as the Siemens 
80C166 and the NEC 78KS series. 

Programmable MCINT polarity 

All interrupt sources are individually mask
able 

MCS pin can be tied to the same source as 
the WD61 C12 and WD1 OC27 for simpler in
terfacing to microcontrollers 

Version number of part posted in disk data 
formatter register after reset 

Internal crystal oscillator 

Low power sleep modes: maximum 50 mW 
Idle1, 25 mW Idle2, 2.5 flW Standby power 

Direct control of external FET to power drive 
circuits 

Low power 1.25 micron CMOS design 

Available in 100-pin MOFP and SOFP pack-
Supports both CHS (cylinder, head, sector) ages 

30-2 

and LBA (logical block address) ID formats. 
Autoincrement of three byte LBA for multisec-
tor commands. 

Supports sector size up to 4096 bytes (743 
with Reed-Solomon ECC) 

Supports 5-bit head number field and 12-bit 
cylinder number field in CHS mode 

Dual-port register file allows full time access 
to the SERDES state 

Fast abort of SERDES execution 

WFIWUS filter and asynchronous WF/WUS 
latching 

Automatic power-down of SERDES when idle 

ADVANCED INFORMATION 11/27/91 



SIGNAL DESCRIPTION WD61C23A 

2.0 SIGNAL DESCRIPTION 

PIN* PIN** MNEMONIC 1/0 DESCRIPTION 

3 100 BA15 0 Buffer Address 15 
Buffer address when connected to 64K x 4, 128K x 8, 
or 256K x 4 SRAM devices. 

BCSO 0 Buffer Chip Sel 0 
Buffer RAM chip select when connected to two 32K x 
8 SRAM devices. 

4 1 BA16 0 Buffer Address 16 
Buffer address when connected to 128K to 256K 
bytes of SRAM. 

BCS1 0 Buffer Chip Sel1 
Buffer RAM chip select when connected to two 32K x 
8 SRAM devices. 

5 2 BA17 0 Buffer Address 17 
Buffer address when connected to 256 Kbytes of 
SRAM. 

6 3 HCI02 1/0 High Current 1/0 2 
This is a 24 rnA open drain output which can be used 
for the DRIVE ACTIVE/SLAVE PRESENT (DASP) sig-
nal on the AT IDE cable. HCI02 can also be used as 
an open drain Qeneral purpose 1/0. 

7 4 CSO/HA9 I Chip Select 0 
This signal is decoded from the AT/XT bus and is used 
to qualify lOR and lOW when accessing the Control 
Block Registers. 

8 5 CS1/HCS I Chip Select 1 
This signal is decoded from the AT address bus and is 
used to qualify lOR and lOW when accessing the Con-
trol Block Registers. CS1 is ignored in XT mode. 

9 6 HCI01 1/0 High Current 1/0 1 
This is a 24 rnA open drain output which can be used 
for the Passed Diagnostic (PO lAG) signal on the AT 
IDE cable. HCI01 can also be used as an open drain 
general purpose 1/0. 

TABLE 2-1. SIGNAL DESCRIPTION 

NOTE: 
• Pin numbers are for the MQFP 
•• Pin numbers are for the SQFP 
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WD61C23A SIGNAL DESCRIPTION 

PIN* PIN** MNEMONIC 1/0 DESCRIPTION 

10 7 IOCS16 a 1/0 Chip Select 16 
This output is used to indicate fast 16-bit data trans-
fers in AT mode. It is asserted for all Pia Data Port 
transfers except for ECC byte transfers. It can option-
ally be used in DMA mode to suppress wait states 
during DMA cycles. 

11 8 HIRQ/HIRQ a Interrupt Request Iinterrupt Request 
HIRQ indicates to the PC/AT or PC/XT that a data 
block transfer is requested or a command has been 
completed. HIRQ is the active low version of this func-
tion, if HPOL = 1 

12 9 DREQ a DMA Request 
This signal is used in DMA mode to control data trans-
fers. This output is tristated at power-up. 

13 10 DACK I DMA Acknowledge 
DACK is asserted by the Host in response to the 
DREQ signal assertion in order to complete the DMA 
handshake. It qualifies lOR and lOW during DMA 
Data Port transfers. 

14 11 NC NA No Connect 
No Connection. 

15 12 VSS NA Ground 
Ground 

16 13 VDD NA +5V 
+ 5V 

17 14 lOR I lOR Read 
lOR is asserted by the PC/AT or PC/XT host together 
with cso, CS1, or DACK to read an internal register or 
the FIFO. 

18 15 lOW I 110 Write 
lOW is asserted by the PC/AT or PC/XT host together 
with CSO, CS1, or DACK to write an internal register 
or the FIFO. 

19-26 16-23 HD15 THRU 1/0 Host Data 15 thru Host Data 8 
HD8 These eight pins are used for the upper byte of 16-bit 

host data transfers. When in 8-bit mode these pins 
are optionally terminated to Vcc interally. 

27 24 VSS NA Ground 
Ground. 

TABLE 2-1. SIGNAL DESCRIPTION (CONTINUED) 

NOTE: 
• Pin numbers are for the MQFP 
•• Pin numbers are for the SQFP 
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SIGNAL DESCRIPTION WD61C23A 

PIN* PIN** MNEMONIC 1/0 DESCRIPTION 

28 25 HRSTI I Host Reset 
This input, when asserted will reset the WD61 C23A 
and cause a reset interrupt to the microcontrolier. 
Assertion of this input will cause RESET to be as-
serted when the DRO control bit is O. 

HRST Host Reset 
HRST is the active high version of this function, if 
HPOL= 1. 

29 26 HA1 I Host Address 1, Host Address 0, 
30 27 HAO I Host Address 2 
31 28 HA2 I These three inputs are used to select which internal 

host register is selected. The register set is a function 
of the AT/XT mode select bit. HA2 is not used in XT 
mode. 

32 29 VSS NA Ground 
Ground. 

33-40 30-37 HD7THRU 0 Host Data 7 thru Host Data 0 
HDO These eight pins are used to transfer 8-bit data as well 

as to access the host registers. 
41 38 VDD NA +5V 

+5V 
42 39 VSS NA Ground 

Ground. 
43 40 SCT I Sector 

In hard sector mode SCT is used to indicate the start 
of a sector. It also indicates the position of embedded 
servo burst when data field sEmlTlentation is used. 

44 41 IDX I Index 
Index input is used to define the beginning of a track. 

45 42 SGATE I Servo Gate 
SGATE is an input from the servo control which is as-
serted over the servo fields. It is used to disable the 
AME/AMD handshake as well as to inhibit RWB over 
the servo fields. 

46 43 WF/WUS I Write FaultlWrite Unsafe 
Schmitt-triaaered Write FaultlWrite Unsafe input. 

47 44 RWB 0 ReadlWrite 
RWB is an open drain output used to control the pulse 
detector and head preamp. 

TABLE 2-1. SIGNAL DESCRIPTION (CONTINUED) 

NOTE: 
• Pin numbers are for the MOFP 
•• Pin numbers are for the SOFP 
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WD61C23A SIGNAL DESCRIPTION 

PIN* PIN** MNEMONIC I/O DESCRIPTION 

48 45 ALE I Address Latch Enable 
ALE is used to latch the lower eight address bits from 
the multiplexed address/data lines (AD7-ADO). 

49 46 MRE I Microcontroller Read Enable 
MRE is asserted by the local microcontroller to read 
an internal register or the buffer. 

DS I Data Strobe 
DS is used by Motorola-type microcontrollers to 
enable the data transfer. 

50-57 47-54 ADOTHRU I/O Address/Data 0 thru Address/Data 7 
AD7 The multiplexed address/data lines are used to load 

the register address on the falling edge of ALE, and 
are used for data transfers to/from the local 
microcontroller. 

58 55 MCS I Microcontroller Chip Select 
This signal is decoded from the upper microcontroller 
address and is used internally to qualify MRE and 
MWE when accessinQ reQisters or the buffer. 

59 56 PWR NA Power 
Power is used to drive an external FET to control 
power down for the rest of the drive circuits. 

60 57 MWE I Microcontroller Write Enable, 
MRWB Microcontroller Read/Write 

MWE is asserted by the local microcontroller to write 
an internal register or the buffer. MRIW is used by 
Motorola-type microcontrollers to control the direction 
of data transfers. 

61 58 MCINT 0 Microcontroller Interrupt 
This output is used as an interrupt signal in order to 
alert the local microcontroller it is necessary to check 
command parameters or status. For the XT mode, 
MCINT is asserted when the controller is selected. 

62 59 RBIAS NA Bias Resistor 
This pin is connected to a 1 Kohm 1 % resistor to con-
trol the output driver transition speed to minimize 
switchinQ noise. 

63 60 XIN I Crystal Input 
Crystal oscillator input. The crystal frequency is twice 
the buffer data rate. 

TABLE 2-1. SIGNAL DESCRIPTION (CONTINUED) 

NOTE: 
* Pin numbers are for the MOFP 
** Pin numbers are for the SOFP 
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SIGNAL DESCRIPTION WD61C23A 

PIN* PIN** MNEMONIC I/O DESCRIPTION 

64 61 XOUT 0 Crystal Out 
Crystal oscillator output. 

65 62 VSS NA Ground 
Ground. 

66 63 RESET I/O Reset 
Open-drain output, can be wire-ORed with an external 
reset. The WD61 C23A will reset all logic when this 
input is asserted. When the host issues a soft reset or 
asserts the HRST pin, then this output will be asserted 
as lona as the DRO control bit is O. 

67 64 WCKO 0 Write Clock Output 
WCKO is an output generated from RRCK and is used 
to clock WDATA into the external ENDEC. 

68 65 WDATA 0 Write Data 
WDATA is the NRZ data written to the disk or external 
ENDEC. 

69 66 RRCK I Read/Reference Clock 
RRCK is used to shift in the RDATA during reads and 
to shift out the WDATA during writes. RRCK is also 
used to control the internal sequencer. 

70 67 RDATA I Read Data 
RDATA is NRZ read data from the disk or external 
ENDEC. 

71 68 RGATE 0 ReEid Gate 
RGATE is asserted to initiate a search for an address 
mark. It remains asserted until the end of the ID or 
data field. 

72 69 ENCEN 0 Encode Enable 
ENCEN is asserted when valid data is to be written to 
the diskiENDEC. It enables the encoding function and 
is negated on Write Fault (WFIWUS) or if the Abort 
port is written. 

73 70 AME 0 Address Mark Enable 
The Address Mark Enable signal is used to control the 
writing of and searching for Address Marks when con-
nected to an ESDI disk drive or external ENDEC. 

TABLE 2-1. SIGNAL DESCRIPTION (CONTINUED) 

NOTE: 
• Pin numbers are for the MQFP 
•• Pin numbers are for the SQFP 
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WD61C23A SIGNAL DESCRIPTION 

PIN* PIN** MNEMONIC 1/0 DESCRIPTION 

74 71 AMDETECT I AM Detect 
In soft sector mode, AMD asserted low indicates that 
the external ESDI drive or ENDEC has detected an Ad-
dress Mark. 

SYNDET I Sync Detect 
SYNDET is asserted by an ENDEC device when it 
has detected a byte sync character, if sync detection 
is done in the ENDEC. 

75 72 BWE 0 Buffer Write Enable 
BWE is asserted by the chip to write data into the ex-
ternal SRAM buffer. 

76 73 BOE 0 Buffer Output Enable 
BOE is asserted by the chip to read data from the ex-
ternal SRAM buffer. 

77-84 74-81 BDOTHRU 1/0 Buffer Data 0 thru Buffer Data 7 
BD7 Buffer data bus, which connects directly to a static 

RAM. Also used to read up to eight configuration pul-
lup resistors. 

1,2 98,99 BAOTHRU 0 Buffer Address 0 thru Buffer Address 14 
85-90, 82-87, BA14 Buffer address bus, for direct connection up to 256 
92-94, 89-91, Kbytes of SRAM. 
97-100 94-97 
91 82 VDD NA +5V 

+5V 
95 92 VSS NA Ground 

Ground. 
96 95 VSS NA Ground 

Ground. 

TABLE 2-1. SIGNAL DESCRIPTION (CONTINUED) 

NOTE: 
* Pin numbers are for the MQFP 
** Pin numbers are for the SQFP 
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ARCHITECTURE 

3.0 ARCHITECTURE 
The WD61C23A is a high performance, high in
tegration, low cost hard disk controller designed for 
PC/At and PC/XT applications. It is a 100-pin 
CMOS VLSI device which contains a disk formatter 
and serializer (SERDES), buffer manager, and host 
interface logic. The WD61C23A will support 1:1 
interleave and disk data rates up to 27 Mbits/sec 
N RZ and 8- or 16-bit host data transfers up to 10 
Mbyteslsec (5 Mwords/sec). 

The WD61 C23A includes four major blocks. The 
host interface connects directly to a PC/AT or 
PC/XT-type bus. The WD61C23A has 24 mA high 
current drivers and Schmitt trigger inputs on the 
host port which allow it to be connected directly to 
the PC/AT or PC/XT bus. The host interface in
cludes advanced DMA logic that. supports high 
speed burst transfers such as EISA-type B DMA. 
The device contains features designed to reduce 
the amount of real-time interaction needed by the 
microcontroller to manage the host protocol. The 
device pinout has been optimized for XT and AT IDE 
applications. 

The local microcontroller interface is used to inter
face to a microcontroller such as the 8051 , 80C196 
(16 MHz), 68HC11, Siemens 80C166 (40 MHz), 
NEC K6 (40 MHz), etc. It has an 8-bit muxed 
address/data bus. It has a chip select input allow
ing it to be accessed anywhere in the 
microcontroller's address space. Internal logic 
decodes this 8-bit address and only allows access 
in a limited range of the 256 location register space. 
This allows the WD61 C23A to use the same chip 
select as the WD61 C12 servo/spindle chip and the 
WD10C27 ENDEC/data synchronizer/frequency 
synthesis chip. 

The buffer manager can control multiple sector 
buffers up to 256 Kbytes using static RAM and 
allows simultaneous access from both the host and 
the disk. The pipelined architecture allows sophis
ticated scatter-gather and segmented buffer 
management as well as simple ring buffering. Mul
tisector arming and automatic pointer segment 
wrap control ease the microcontroller overhead. 

The SERDES contains a formatter which can sup
port advanced defect management schemes, zone 
bit recording, hard or soft sectoring, and program
mable format. The SERDES supports multitrack 
commands automatically. An NRZ interface is used 
to connect to an external ENDEC. Data integrity is 

WD61C23A 

insured through 16-bit CRC, 32-bit ECC, or 56-bit 
polynomials, and degree 6, three-way interleaved 
Reed-Solomon ECC. Additional options support 
Data Byte Sync redundancy and 10 field redundan
cy. 

3.1 HOST INTERFACE ORGANIZATION 
The WD61 C23A host interface is designed to con
nect to the IBM PC/XT or IBM PC/AT system bus 
as well as the system bus of any PCIXT or PC/AT 
clone. The WD61 C23A has high current drivers 
and Schmitt receivers which allow for direct con
nection to the system bus. The host interface is 
inactive at power-up. The host interface is control
led by the AT/XT control bit in General Control 
Register 2 which is written by the local 
microcontroller. 

3.1.2 XT Host Interface 

When the AT/XT control bit is written to 0, then the 
WD61 C23A is in PC/XT-compatible interface 
mode. In this mode the CSO chip select should be 
active when I/O ports 320 hex through 323 hex are 
addressed for the primary controller in the XT sys
tem and for I/O ports 324 through 327 for the 
secondary controller. HAO and HA 1 select which 
register is being accessed. HA2 and CS1 are not 
used in this mode and are optionally terminated to 
Voo through internal registers. 

Data transfers in this mode may be either PIO or 
DMA and can be either 8- or 16-bits wide. When 
8-bit data transfer mode is selected, then the upper 
eight host data inputs may be optionally terminated 
to Voo through internal registers. 

3.1.2 AT Host Interface 
When the AT/XT control bit is written to 1, then the 
WD61 C23A is in PC/AT-compatible interface mode. 
CSO should be active when I/O ports 1 FO hex 
through 1 F7 hex are addressed for the primary 
controller in the AT system. CS1 should be active 
when 3F6 hex and 3F7 hex are addressed. Addres
ses 170 through 177 hex (CSO) and 376, 377 hex 
(CS1) are used for the secondary controller. 

Buffer data transfers can be either PIO or DMA and 
can be either 8 or 16 bits. The ECC byte transfers 
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in a long mode read or write commands are always 
8 bits. All other register transfers are 8 bits. When 
16-bit PIO data transfers occur for port 0 then the 
IOCS16 output will be asserted. There is an option 
to allow the IOCS16 to be asserted during PIO 
transfers on DMA commands. There is also an 
option to allow IOCS16 to be asserted during DMA 
transfers, allowing an interarchitecture high speed 
DMA transfer mode. There is also an option to 
allow nonstandard host register bits to control the 
DMA interface. 

There are additional features to alleviate the 
microcontroller from some of the real-time require
ments of the AT host interface. First, there is a 
mode to automatically arm the first buffer transfer 
for Write, Write Long, Write Buffer, and Format 
commands. This buffer may be selected to be either 
buffer 0 of the buffer pOinted to by the Host Buffer 
Pointer Pipeline registers. This feature allows write 
operations to be cached. When this mode is used, 
care should be taken to ensure that the buffer 
selection (both ADOBC bit and pipeline registers) 
are only modified when ABSY = 1 in the Drive Status 
registers. 

Secondly, the WD61 C23A can be programmed to 
automatically sequence the AT task file during mul
tisector Read, Write, Read Multiple, and Write Mul
tiple data transfers. When this option is used, the 
microcontroller need only maintain the host buffer 
manager and the WD61 C23A will automatically 
update the task file before releasing each sector or 
group of sectors to the host. 

The microcontroller sets up the logical sectors per 
track and heads per cylinder parameters and the 
internal state machine will automatically handle 
logical track boundaries. Hardware in the part will 
automatically reset the Auto Task-File Update bit 
(ATU) upon receipt of a new command to prevent 

ARCHITECTURE 

an unwanted task file increment at the start of any 
of the auto-DRO commands mentioned above. 

It is therefore important that the microcontroller 
pulse the RHBM bit in the Buffer Command 
Register at the start of any new command. 

The AT task file is implemented as a dual port RAM 
allowing full time access by the microcontroller. 
This is true even when the internal state machine 
updates the task file and is independent of the state 
of the ABSY status bit. 

There are features in the part to handle the I DE dual 
drive interface. First, there is internal hardware to 
allow only the selected drive to assert the bus 
interface signals. Secondly, the WD61 C23A will 
only go busy on commands when it is the selected 
drive. The exception to this is on the Controller 
Diagnostic command. For this command the 
WD61 C23A will go busy regardless of which drive 
is currently selected. Also on the Controller Diag
nostic command, hardware in the WD61 C23A will 
force the drive selection bit in the host Drive/Head 
Register to select drive o. 

The WD61 C23A has two features that allow the part 
to be easily interfaced to the PCMCIA interface. 
First, the polarities of the H IRO/HIRO and 
HRST/HRST pins are programmable. Secondly, 
the part supports a single chip select, four address 
host decode option in addition to the traditional IDE 
two-chip select, three address interface. 

The part also includes high current outputs and 
Schmitt receivers to handle the DASP and PDIAG 
IDE signals. This helps to eliminate external glue 
logic needed to implement an IDE drive. HCI01 
(PDIAG) will be set and HCI02 (DASP) will be 
cleared upon any reset. In addition, HCI01 
(PDIAG) will be set upon receipt of a Controller 
Diagnostic command in AT mode. 
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3.2 MICROCONTROLLER INTERFACE 

The microcontroller controls the Host Interface 
mode (PCAT or PCXT) and controls the buffer 
manager and the SERDES. The microcontroller is 
told to perform any required tasks by the assertion 
of the MCINT output. There are a number of sour
ces for this MCINT and they are individually mask
able. The polarity of the MCINT output is 
programmable. 

In PCXT mode, MCINT is asserted when the con
troller is selected. In PCAT mode MCINT will be 
asserted when the Host writes to the command 
register. MCINTwili be asserted whenever a buffer 
address is transferred from a pipeline register to the 
appropriate pointer. 

WD61C23A 

MCINT is also asserted by the detection of a host 
soft or hard reset, FIFO error, or by the SERDES. 

The microcontroller can have either the Intel-type 
~8051 or 80C196) or the Motorola-type (68HC11) 
Interface. The WD61 C23A has the built-in logic to 
sense the processor interface type and can there
fore be directly interfaced to either type processor. 
Data and address are transferred via an 8-bit mUl
tiplexed bus. The WD61 C23A has been designed 
to share a common chip select with the WD61C12 
servo/spindle controller and the WD 1 OC27 
ENDEC/data synchronizer/frequency synthesizer. 
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3.3 BUFFER MANAGER DESCRIPTION 
The buffer manager can control multiple sector 
buffers totalling up to 256 Kbytes using static RAM. 
The sector buffers can be any size up to 4095 bytes 
excluding EGG, and can be located on any byt~ 
boundary. The buffer manager has two address 
counters, one for the host interface and one for the 
disk data buffer. Both counters can access the 
SRAM concurrently. The buffer manager handles 
the arbitration between the host interface and the 
disk formatter. Both address counters have a 
pipeline register that can be loaded with· a new 
buffer address while a transfer is in progress. This 
allows discontiguous buffer locations to be linked 
without the loss of RAM bandwidth between blocks. 
The tr~nsfer len"gth on the ~ost side is controlled by 
a 12-bIt transfer count register. The disk transfer 
length is controlled by the disk formatter. 

The buffer manager has two pipelined block 
counters allowing up to 256 blocks (sectors) to be 
armed at one time. This eliminates the sector-by 
sector buffer interrupt handling required by earlier 
controllers. Secondly, a segment wrap control fea
ture allows the buffer memory to be broken into 
several smaller buffer segments with automatic 
wrap from the end of each segment back to the 
start. The segment sizes are programmable from 
4 Kbytes to 256 Kbytes. 

ARCHITECTURE 

Both ports have FIFOs allowing sustained host 
bandwidth of 5 Mwords/sec for 16-bit wide transfers 
and 10 Mbytes/sec for 8-bit wide transfers. The 
buffer manager can sustain a RAM bandwidth of 
12.5 Mbytes/sec when using a 25 MHz crystal. 

The local microcontroller accesses the buffer RAM 
by using the Disk Buffer Manager logic. It first loads 
the desired starting address into the Disk Buffer 
Pointer. The proper buffer manager control bits are 
then set to enable the local microcontroller access 
to the buffer. When the local microcontroller acces
ses the special RAM access port (Register 3E) the 
data will be readlwritten through the disk formatter's 
FIFO port to the buffer. The RAM can only be 
accessed sequentially from the starting address 
and only in one direction at a time as set by the 
DRWB control bit. When the microcontroller is 
accessing the buffer, the disk formatter must be 
idle. 

There is a special mode in the buffer manager that 
allows the microcontroller to sense the presence of 
external pullups on the BD bus. These pullups can 
be used to reconfigure the firmware. To use this 
feature, the microcontroller writes the RDGF bit to 
1 and then after 5 !!Sec reads the configuration port. 
If a pullup is present on a BD line then the ap
propriate bit in the configuration register will be read 
as a 1. If there is no external pullup then the bit will 
be read as a O. 
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3.4 DISK FORMATTER DESCRIPTION 

The WD61 C23A has a high speed disk formatter 
which can handle the requirements of high perfor
mance embedded drives. The WD61C23A has an 
NRZ interface which allows it to be connected to an 
external ENDEG. 

The formatter supports data rates up to 27 Mbitlsec. 
Software selectable 16-bit CRG, 32-bit EGC and 
56-bit ECG polynomials ensure data reliabili~. 

The WD61 C23A qualifies N RZ disk data using the 
Sector (SCT) and Address Mark Detect (AMD) sig
nals, and controls the Read Gate and Write Gate 
timing. 

The disk data formats are software programmable. 
The WD61C23A supports both soft and hard sec
toring. The gaps and PLO fields are program
mable. The ID is programmable in size from 4 to 
12 bytes. The extra bytes can be used for flag 

WD61C23A 

information for defect management, or for size in
formation for segmenting data fields around defects 
or around servo bursts. With this feature, zone bit 
recording with embedded servo positioning is pos-
sible with minimal processor overhead. . 

The disk formatter has internal control logic to auto
matically support zone bit recording and defect 
management without microcontroller intervention. 
Logic in the disk formatter will interpret the ID infor
mation pertaining to segmentation and automat
ically step around servo fields and defects. In 
addition, the disk formatter will interpret special flag 
information in the IDfor detecting the last sector on 
a track to support sector push down defect manage
ment and multitrack commands. Finally, the disk 
formatter will interpret another ID flag bit to detect 
that a sector has been relocated to a spare area on 
the drive. In this case the disk formatter can be 
configured to automatically read out a pointer to the 
spare sector used to replace the defective sector. 
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INTRODUCTION 

1.0 INTRODUCTION 

1.1 FEATURES 

• High-speed host bus transfers 
10.0 MTransfers per second in 16-bit mode (20 
MBytes/s) 

• Parallel disk interface - 80 Mbits NRZ in parallel 
mode (10 MBytes maximum, 5 MBytes nominal) 

• Reed Solomon ECC data field 

- Degree 6 with 3-way interleave with or 
without 4 CRC bytes 

- Single burst on-the-fly correction 

- Maximum of three bursts/interleave/sector 
correction with microprocessor intervention 

- Maximum guaranteed single burst correction 
of 17 bits for on-the-fly operation 

- Four byte ID CRC 

• Data sector defect skipping support -
programmable defect skip size 

• Enhanced buffer management 

• Memory segmentation 

• Shared host/disk buffer count 

• Embedded servo support 

• Zoned bit recording support 

• Five port buffer management (host, disk, refresh, 
microprocessor, and ECC correction) 

• Configurable buffer support with or without parity 

• Programmable memory speed 

• Disk Longitudinal Redundancy Checking (LRC) on 
write operations over logical blocks 

• Pipelined buffer address/data counters for host 
and disk (2 levels) 

• RAM-based writable disk control store 

• Pass-through parity, checked on inputs of the 
hOSt/disk FIFOs 

• Minimum microprocessor intervention required 

• Single +5V supply with low power mode 

• 132-pin PQFP package with complete functionality 

• Dedicated 8-bit port for high-speed microprocessor 

WD61C40A 

• 25 MHz 80186 microprocessor support 

1.2 GENERAL DESCRIPTION 
The WD61 C40A is a high-performance CMOS 
VLSI device that controls data transfers between 
the host port and the disk port through the local 
data buffer. It is primarily intended as a com
panion device to the WD33C96 Small Computer 
System Interface (SCSI) Controller. 

The WD61C40A joins the basic functions of the 
WD10C01 and WD60C40A into a single package. 
It also provides additional functions: 

• Reed Solomon on-the-fly ECC 

• Parallel disk data bus 

• Sector defect skipping 

• Buffer memory segmentation 

• Host-disk buffer count 

• Enhanced control store functionality 

• Wider host and buffer buses for improved bus 
bandwidth 

• Minimal microprocessor intervention 

• Skip mask support 

There are two areas of major performance im
provements. The first area is data transfer rate. 
The WD61 C40A can maintain 20 Mbyte host port 
transfers and 5 Mbyte disk port transfers at a sys
tem clock of 47 MHz. This type of performance is 
achieved through the usage of a 16-bit host bus, a 
16-bit buffer bus and an 8-bit disk bus. The disk 
port can also achieve a maximum transfer rate of 
10 Mbytes. 

The second area of improvement is key system 
functions. For example, the disk controller has on-
chip Reed Solomon ECC: generation, detection 
and correction logic. Defect skipping (the ability to 
write and read data around flaws on the disk) 
maximizes disk capacity while minimizing sector 
reallocation. The buffer manager also reduces 
microprocessor support. The buffer segmentation 
and skip mask modes reduce interrupts to the 
microprocessor. Block mode operation also II 
reduces interrupts. 

The WD61 C40A is flexible in a variety of ways. 
Three ports (host, disk, and buffer) support mUlti-
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pie pin configurations. The port data widths are 16 
bits for host and 8 bits for the disk. Each port 
supports parity or no parity checking. The Disk 
Controller is based upon a writable control store. 
The user can define the disk format of choice 
rather than using a fixed track format. The defect 
skipping option permits the dynamic variation of 
sector format during a read or write operation. 
This option operates equally well with embedded 
or dedicated servos. 

INTRODUCTION 

The WD61 C40A also includes several features to 
improve testability of the device: 

• All RAM and register files contain internal Built-in 
Self-test (BIST) logic. 

• Most registers are readable. 

• Provides test modes for the large transfer counter, 
address pointers and major internal logic blocks. 

• The 1/0 pins include the 1/0 Mapping Test feature 
for printed circuit board testing. 

• The disk port contains logic which guarantees 
data integrity (LRC checking) across the 
WD33C96/wD61 C40A boundary. 

• The Writable Control Store RAM is read-writable 
by the microprocessor. 
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ARCHITECTURE WD61C40A 

2.0 ARCHITECTURE 
The WD61 G40A is divided into four major sec
tions. these sections are the disk control logic, the 
buffer management control, microprocessor inter
face and the host port logic. 

The microprocessor interface contains logic which 
supports a microprocessor with a multiplexed 
data/address bus and wait state capabilities. This 
includes Intel's family of 80196 and 80186 
devices. 

The Disk Port contains a 64 x 32 writable control 
store, the ID field control logic with defect skipping 
control, a 32 byte data FIFO, and the EGG check
ing/generation/correction logic. 

The buffer interface contains the buffer arbitration 
control and the DMA address pointers (refresh, 
host port, disk port, EGG correction, microproces
sor access). 

The host port contains the host control logic and a 
32 byte FIFO. 

HOST PORT 
LOGIC 

MICROPROCESSOR 

,----------------

Host 
Control 

Host 
FIFO 

BUFFER MANAGER 
,----------------, :----------------: , . . : , ' , ' 

Host 
DMA 

: Disk : 
: DMA : 
, : 
~ -------------. --: 

,-----------------. · ' , . · ' 
: Buffer : 
: IfF : · ' , : ----------------_. 

DISK CONTROLLER 

Disk 
FIFO 

Control 
Store 

ECC 

FIGURE 2-1. BLOCK DIAGRAM OF THE WD61 C40A 
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3.0 INTERFACES 

3.1 MICROPROCESSOR INTERFACE 

The WD61 C40A supports 8-bit microprocessors 
with multiplexed address/data busses. All the in
ternal registers are accessible through this bus. 
The microprocessor accesses these registers 
using the following control signals: WEB, REB, 
ALE, CSB and RDYB. The device must be exter
nally mapped into a 256-byte space. A chip select, 
CSB, must be presented to this device for any 
read or write access. The WD61 C40A sends a 
ready signal, RDYB, to the microprocessor when
ever an extended read or write strobe is required. 
This is done when the microprocessor wishes to 
access the buffer memory. 

3.2 HOST PORT INTERFACE 

The host port is a generic DMA data port. Data 
transfer speeds and data widths are program
mable. The data can be transferred in a 16-bit 
mode. The maximum transfer speed is 10 
MTransfers per second. The host port DMA logic 
is programmable. Both master and slave DMA 
operations are supported. The polarity of the 
DREQ and DACK signals are programmable to 
be active high or low. 

3.3 DISK PORT INTERFACE 

The disk port is constructed around a WD10C01-
like architecture. The disk port is controlled by a 
64 x 32-bit writable control store. the disk port 
now supports a parallel data path. This path can 
support a 10 MByte transfer rate. All of the 
WD10C01 control signals and most of the general 
port bits are supported. 

3.4 BUFFER PORT INTERFACE 

The buffer port is designed to support 16-bit 
DRAM configurations up to 4 MWords. The 
memory size, parity option and bus timing are all 
programmable features. 

INTERFACES 

4.0 SIGNAL DESCRIPTION 

4.1 SIGNAL TO PIN LOCATION 

Figure 4-1 is a pin diagram of the 132-pin 
WD61C40A. Table 4-1 lists the pin assignments. 

50 
51 

132 11~16 

0\ 
PIN 1 INDICATOR 

WD61C40A 

84 
83 

FIGURE 4-1. WD61C40A PIN DIAGRAM 
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SIGNAL DESCRIPTION WD61C40A 

4.2 DETAILED SIGNAL DESCRIPTION 

Table 4-2 provides signal descriptions. 

PIN NAME PIN NAME PIN NAME PIN NAME 
1 VCC 34 BF11 67 RESET 100 GPXO 
2 N/C 35 BF12 68 VCC 101 VCC 
3 GND 36 GND 69 GPY4 102 DATA7 
4 A10 37 BF13 70 TSTB 103 GND 
5 A9 38 BF14 71 N/C 104 DATA6 
6 A8 39 BF15 72 BDPH 105 GPX2 
7 A7 40 BFPH 73 BD15 106 DATA5 
8 A6 41 GND 74 BD14 107 GPX3 
9 GND 42 N/C 75 BD13 108 DATA4 
10 A5 43 INT2 76 BD12 109 GND 
11 A4 44 INT 77 GND 110 DATA3 
12 A3 45 RDY 78 BD11 111 GPX5 
13 A2 46 ALE 79 BD10 112 DATA2 
14 A1 47 WEB 80 BD9 113 DATA1 
15 AO 48 CSB 81 BD8 114 DATAO 
16 CASB 49 REB 82 BDPL 115 DATAP 
17 GND 50 VCC 83 GND 116 GND 
18 MEMWB 51 GND 84 BD7 117 RRCLK 
19 RASB 52 AD7 85 BD6 118 WRTCLK 
20 BFO 53 AD6 86 BD5 119 GND 
21 BF1 54 AD5 87 BD4 120 AMENA 
22 BF2 55 AD4 8ll GND 121 RDGATE 
23 GND 56 GND 89 BD3 122 WRTGATE 
24 BF3 57 AD3 90 BD2 123 SEOOUT 
25 BF4 58 AD2 91 BD1 124 GPX6 
26 BF5 59 ADl 92 BDO 125 GPX7 
27 BF6 60 ADO 93 GND 126 AMDET 
28 BF7 61 GND 94 DRO 127 SMDET 
29 GND 62 GPYO 95 DACK 128 IDXDET 
30 BFPL 63 GPYl 96 PREB 129 COMPLT 
31 BF8 64 GPY2 97 PWEB 130 DRVFLT 
32 BF9 65 N/C 98 GPX4 131 WRAP 
33 BF10 66 OSC 99 GPXl 132 N/C 

TABLE 4-1. WD61C40A PIN ASSIGNMENTS 
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PIN MNEMONIC I/O DESCRIPTION 

MICROPROCESSOR INTERFACE 

43 INT2 0 Secondary Interrupt Request 
This active-high output signal is asserted when any of the disk 
DMA interrupts are active. 

44 INT 0 Interrupt Request 
This active-high output signal is asserted to alert the microproces-
sor to the completion or termination of a command. 

45 RDYB 0 Ready 
This open-drain output controls the microprocessor's wait logic. 
(Active low) 

46 ALE I Address Latch Enable 
This signal is used to load the address of the desired register. 

47 WEB I Write Enable 
This signal is active low and used with the CSB signal to write to 
the registers. 

48 CSB I Chip Select 
This active-low signal qualifies REB and WEB signals when the 
microprocessor is accessing a register. 

49 REB I Read Enable 
This active-low signal is used with the CSB signal to read the 
registers. 

52-55 AD7-ADO I/O Microprocessor Data/Address Bus 
57,60 

TABLE 4-2. SIGNAL DESCRIPTION 
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PIN MNEMONIC I/O DESCRIPTION 

HOST INTERFACE 

72 BOPH I/O Parity of the Upper DMA Bus 
Odd parity for B015 through B08. 

82 BOPL I/O Parity of the Lower DMA Bus 
Odd parity ofr B07 through BOO. 

81-78 BO[8:15] I/O Host DMA Bus 
76-73 Upper 8 bits of host OMA bus. 

92-89 BO[0:7] I/O Host DMA Bus 
87-84 Lower 8 bits of host OMA bus. 

94 OREQ I/O DMA Request 
Programmable OMA request. 

95 OACK I/O DMA Acknowledge 
Programmable OMA Acknowledge. 

96 OREB I/O DMA Read Enable (active low) 

97 OWEB I/O DMA Write Enable (active low) 

TABLE 4-2. SIGNAL DESCRIPTION (Continued) 

II 
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WD61C40A SIGNAL DESCRIPTION 

PIN MNEMONIC I/O DESCRIPTION 

DISK INTERFACE 

62-64, GPV[0:3] I/O General Purpose Port 
69 These pins can be configured as a generic input or output pins. 

100,99, GPX[O:7] 1/0 General Purpose Port 
105,107, These pins can be configured as a generic input or output pins. 
98, 111, 
124,125 

114,113 DATA[0:7] 1/0 Disk Drive Parallel Data Bus 
112, 110 
108,106 
104,102 

115 DATAP 1/0 Disk Drive Parallel Data Bus Parity 

117 RRCLK I Read Reference Clock 
This clock is generated by the Disk Read Channel. All WD61 C40A 
disk control and data signals are synchronized to this clock. 

118 WRTCLK 0 Write Clock 
This signal is the inversion of RRCLK. 

120 AMENA 0 Address Mark Enable 
In write mode, this signal indicates to the write channel that an ad-
dress mark byte is being sent on the DATA[0:7] lines. In read 
mode, this signal flags the read channel as to the type of sync 
bytes to be detected. When RDGATE and WRTGATE are inactive, 
this signal indicates a search for an ID Address mark. (This signal 
is not tristated under reset conditions.) 

121 RDGATE 0 Read Gate 
This signal is controlled by the Control Store (This signal is not tri-
stated under reset conditions.) 

122 WRTGATE I Write Gate 
This signal is controlled by the Control Store. (This signal is not 
tristated under reset conditions.) 

123 SEQOUT 0 Sequence Out 
This is a general purpose control signal that is directed by Control 
Store. 

126 AMDET I Address Mark Detect 
The Read Channel generates this signal when an ID address 
mark (or optional sync byte) is detected. 

127 SMDET I Sector Mark Detect 
This signal is generated by the readlwrite logic when a sector 
mark is found. 

TABLE 4-2. SIGNAL DESCRIPTION (Continued) 
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PIN MNEMONIC I/O DESCRIPTION 

DISK INTERFACE (Continued) 

128 IDXDET 0 Index Detect 
This signal is generated by the readlwrite logic when an index 
mark is detected. 

129 CMPLT I Seek Complete 
This is a general purpose flag from the drive electronics. When 
this signal is active an interrupt can be generated by the 
WD61C40A. 

130 DRVFLT I Drive Fault 
This is a general purpose flag from the drive electronics. This is 
typically an indication of a drive failure. When this signal is active, 
an interrupt is generated by the WD61 C40A. As an option, the 
Control Store can respond to this error condition and jump to the 
error routine. 

131 WRAP I WRAP Check 
This pin is used to verify that the REGATE, WRTGATE, and 
AMENA signals are properly connected to the drive electronics. An 
interrupt is also generated when an error is detected. 

BUFFER PORT INTERFACE 

15-10 A[0:10] 0 Buffer Address Pins 
8-4 

16 CASB 0 Primary Column Address Strobe 

18 MEMWB 0 Memory Write 

19 RASB 0 Row Address Strobe 

20-22, BF[0:7] liD Buffer Data Bus (LSB) 
24-28 

30 BFPL liD Buffer Data Parity Bit (LSB), odd parity. 

31-35 BF[8:15] liD Buffer Data Bus (MSB) 
37-39 

40 BFPH liD Buffer Data Parity (MSB), odd parity. 

TABLE 4-2. SIGNAL DESCRIPTION (Continued) 

Ell 
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PIN MNEMONIC 1/0 DESCRIPTION 

MISCELLANEOUS 

66 OSC I Clock - maximum 47 MHz. 

67 RESETB I Hard Reset 
This active-low input sets the WD61 C40A in power-on-reset condi-
tion. All the drivers are set into inactive state. 

70 TSTB I I/O Test Enable 
When active low the WD61 C40A is in I/O Map Test. 

1, 101, VCC I +5V Power Supply 
68,50 

119,116, GND I Ground 
109,93, 
88,83, 
77,61, 
56,51, 
41,36, 
29,23, 
17,9,3 

TABLE 4-2. SIGNAL DESCRIPTION (Continued) 

31-10 ADVANCED INFORMATION 11/15/91 







APPENDIX A - WESTERN DIGITAL SALES OFFICES 

APPENDIX A 

Western Digital Sales Offices--North America 

California 
8105 Irvine Center Drive 
Irvine, CA 92718 
Phone: 714.932.5000 
Fax: 714.932.6294 

800 East Middlefield Road 
Mountain View, CA 94043 
Phone: 415.335.2568 
Fax: 415.968.1747 

5706 Corsa Avenue, Suite 206 
Westlake Village, CA 91361 
Phone: 818.991.2556 
Fax: 818.706.3705 

Canada 
Western Digital Canada Corp. 
50 Burnhamthorpe Road West 
Mississauga, Ontario 
Canada, L5B 3C2 
Phone: 416.566.4702 
Fax: 416.566.4711 

Illinois 
N.w. Corporate Center 
2500 West Higgins Rd., Suite 705 
Hoffman Estates, IL 60195 
Phone: 708.882.8731 
Fax: 708.882.9079 

Massachusetts 
100 Corporate Place, Suite 302 
Peabody, MA 01960 
Phone: 508.535.5914 
Fax: 508.535.5999 

New Jersey 
6 Century Drive, 2nd Floor 
Parsippany, NJ 07054 
Phone: 201.285.1112 
Fax: 201.285.9673 

Texas 
9442 Capital of Texas Hwy. North, Suite 740 
Austin, TX 78759 
Phone: 512.343.8544 
Fax: 512.343.0521 

15770 N. Dallas Parkway, Suite 820 
Dallas, TX 75248 
Phone: 214.991.6800 
Fax: 214.991.7391 
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Western· Digital Sales Offices--International 

France 
Western Digital Corporation 
Parc Club "Orsay Universite" 
Batiment N 
3 Rue Jean Rostand 
91893 Orsay Cedex, France 
Phone: 011.331.69.85.5757 
Fax: 011.331.69.85.3910 

Germany 
Western Digital Deutschland GmbH 
Zamdorfer Strasse 26 
D-8000 Munich 80 
Federal Republic of Germany 
Phone: 011.49.89.922.0060 
Fax: 011.49.89.922006.39 

Nonh Germany 
Western Digital Deutschland GmbH 
Von Witzleben Strasse 10 
4400 Muenster 
Federal Republic of Germany 
Phone: 011.49.251.77408 
Fax: 011.49.251.778.418 

Hong Kong 
Western Digital Hong Kong, Limited 
807-810, 8/F Tower 3 
33 Canton Road 
Tsimshatsui, Kowloon 
Hong Kong 
Phone: 011.852.736.5123 
Fax: 011.852.736.5070 

Japan 
Western Digital Japan, Limited 
8th Floor Dai-44 KOWA Building 
1-2-7, Higashiyama, Meguro-Ku 
Tokyo 153, Japan 
Phone: 011.81.3.3791.2001 
Fax: 011.81.3.3791.4210 

A-2 

Korea 
Western Digital Korea, Limited 
Hanjin Building, 6th Floor 
169-11, Samsung-Dong 
Kangnam-Ku, Seoul 135-090 
Korea 
Phone: 011.822.554.0504 
Fax: 011.822.554.4927 

Singapore 
Western Digital (S.E. Asia) PTE Limited 
750 E Chai Chee Road 
04-00, Lobby 1 
Singapore, 1646 
Phone: 011.65.448.4700 
Fax: 011.65.448.3042 

Taiwan 
Western Digital Taiwan Co., Limited 
205 Tun Hwa North Road, Room 1103 
Taipei, Taiwan R.O.C. 
Phone: 011.886.2.717.4775 
Fax: 011.886.2.717.4774 

United Kingdom 
Western Digital Limited 
The Old Manor House 
17 West Street 
Epsom, Surrey, U.K. KT18 7RL 
Phone: 011.44.372.742955 
Fax: 011.44.3727.26022 
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APPENDIX B 

Western Digital Corporation Distributors 

ASIA 
Contact the local Western Digital 
Sales Office for the most current 
name and phone number. 

AUSTRALIA 
Contact the local Western Digital 
Sales Office for the most current 
name and phone number. 

CANADA 
Zentronics 
Phone: (800) 661-6241 

Alberta 
Zentronics 
Calgary 
Phone: (403) 295-8838 
Fax: (403) 295-8714 

Zentronics 
Edmonton 
Phone: (403) 484-1669 
Fax: (403) 484-1689 

British Colombia 
Zentronics 
Vancouver 
Phone: (604) 273-5575 
Fax: (604) 273-2413 

Manitoba 
Zentronics 
Saskatoon 
Phone: (306) 955-2202 
Fax: (306) 244-3731 

Zentronics 
Winnipeg 
Phone: (204) 694-1957 
Fax: (204) 633-9255 

Ontario 
Zentronics 
Ottawa 
Phone: (613) 226-8840 
Fax: (613) 226-6352 

Zentronics 
Toronto 
Phone: (416) 564-8600 
Fax: (416) 564-6277 

Quebec 
Zentronics 
Quebec 
Phone: (418) 654-1077 
Fax: (418) 654-2958 

Zentronics 
Montreal 
Phone: (514) 737-9700 
Fax: (514) 737-5212 

EUROPE 
Contact the local Western Digital 
Sales Office for the most current 
name and phone number. 

USA 
Anthem Electronics 
Phone: (800) 359-3502 

Hall-Mark Electronics 
Phone: (214) 343-5000 

Wyle 
Phone: (800) 388-9953 

Alabama 
Hall-Mark 
Huntsville 
Phone: (205) 837-8700 
Fax: (205) 830-2625 

Arizona 
Wyle 
Phoenix 
Phone: (602) 437-2088 

Hall-Mark 
Phoenix 
Phone: (602) 437-1200 
Fax: (602) 437-2348 
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Anthem 
Phoenix 
Phone: (602) 966-6600 
Fax: (602) 966-4826 

California 
Wyle 
Los Angeles 
Phone: (818) 880-9000 

Hall-Mark 
Los Angeles 
Phone: (818) 773-4500 
Fax: (818) 773-4555 

Anthem 
Los Angeles 
Phone: (818) 775-1333 
Fax: (818) 775-1302 

Anthem 
San Diego 
Phone: (619) 453-9005 
Fax: (619) 546-7893 

Wyle 
San Diego 
Phone: (619) 565-9171 

Hall-Mark 
San Diego 
Phone: (619) 268-1201 
Fax: (619) 268-0209 

Wyle 
Irvine 
Phone: (714) 863-9953 

Hall-Mark 
Irvine 
Phone: (714) 727-6000 
Fax: (714) 730-0543 

Anthem 
Irvine 
Phone: (714) 768-4444 
Fax: (714) 380-4747 

Wyle 
Santa Clara 
Phone: (408) 727-2500 
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Hall-Mark 
Bay Area 
Phone: (408) 432-4000 
Fax: (408) 433-0745 

Anthem 
San Jose 
Phone: (408) 453-1200 
Fax: (408) 452-2281 

Hall-Mark 
Sacramento 
Phone: (916) 624-9781 
Fax: (916) 969-4005 

Anthem 
Sacramento 
Phone: (916) 624-9744 
Fax: (916) 624-9750 

Wyle 
Sacramento 
Phone: (916) 638-5282 

Colorado 
Hall-Mark 
Denver 
Phone: (303) 790-1662 
Fax: (303) 790-4991 

Anthem 
Denver 
Phone: (303) 790-4500 
Fax: (303) 790-4532 

Wyle 
Denver 
Phone: (303) 457-9953 

Anthem 
Colorado Springs 
Phone: (719) 597-4205 
Fax: (719) 597-3207 

Connecticut 
Hall-Mark 
Connecticut 
Phone: (203) 271-2844 
Fax: (203) 269-3164 



Anthem 
Connecticut 
Phone: (203) 575-1575 
Fax: (203) 596-3232 

Delaware 
Hall-Mark 
Delaware 
Phone: (609) 235-1900 
Fax: (609) 235-3381 

Florida 
Hall-Mark 
Orlando 
Phone: (407) 830-5855 
Fax: (407) 767-5002 

Hall-Mark 
Ft. Lauderdale 
Phone: (305) 971-9280 
Fax: (305) 971-9339 

Anthem 
Tampa 
Phone: (813) 797-2900 
Fax: (813) 796-4880 

Hall-Mark 
8t. Petersburg 
Phone: (813) 541-7440 
Fax: (813) 535-3865 

Georgia 
Hall-Mark 
Atlanta 
Phone: (404) 623-4400 
Fax: (404) 448-9654 

Anthem 
Georgia 
Phone: (404) 458-2261 
Fax: (404) 458-2096 

Illinois 
Anthem 
Illinois 
Phone: (708) 884-0200 
Fax: (708) 884-0480 

Hall-Mark 
Chicago 
Phone: (312) 860-3800 
Fax: (312) 860-0239 
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Indiana 
Hall-Mark 
Indianapolis 
Phone: (317) 872-8875 
Fax: (317) 876-7165 

Kansas 
Anthem 
Kansas 
Phone: (913) 599-1528 
Fax: (913) 599-1325 

Hall-Mark 
Kansas City 
Phone: (913) 888-4747 
Fax: (913) 888-0523 

Maryland 
Anthem 
Maryland 
Phone: (301) 995-6640 
Fax: (301) 381-4379 

Hall-Mark 
Baltimore 
Phone: (301) 988-9800 
Fax: (301) 381-2036 

Massachusetts 
Wyle 
Boston 
Phone: (617) 272-7300 
Fax: (617) 272-6809 

Hall-Mark 
Boston 
Phone: (508) 667-0902 
Fax: (508) 667-4129 

Anthem 
Massachusetts 
Phone: (508) 657-5170 
Fax: (508) 657-6008 

Michigan 
Hall-Mark 
Detroit 
Phone: (313) 462-1205 
Fax: (313) 462-1830 
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Anthem 
Michigan 
Phone: (313) 347-4090 
Fax: (313) 591-7205 

Minnesota 
Hall-Mark 
Minneapolis 
Phone: (612) 941-2600 
Fax: (612) 941-5778 

Anthem 
Minnesota 
Phone: (612) 944-5454 
Fax: (612) 944-3045 

Missouri 
Hall-Mark 
St. Louis 
Phone: (314) 291-5350 
Fax: (314) 291-0362 

New Jersey 
Anthem 
New Jersey 
Phone: (201) 227-7960 
Fax: (201) 227-9246 

Hall-Mark 
N. New Jersey 
Phone: (201) 515-3000 
Fax: (201) 882-9389 

Hall-Mark 
S. New Jersey 
Phone: (609) 235-1900 
Fax: (609) 235-3381 

New York 
Anthem 
New York 
Phone: (516) 864-6600 
Fax: (516) 493-2244 

Hall-Mark 
Long Island 
Phone: (516) 737-0600 
Fax: (516) 737-0838 

Hall-Mark 
Rochester 
Phone: (716) 425-3300 
Fax: (716) 244-1005 
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North Carolina 
Hall-Mark 
Raleigh 
Phone: (919) 872-0712 
Fax: (919) 878-8729 

Ohio 
Hall-Mark 
Columbus 
Phone: (614) 888-3313 
Fax: (614) 888-0767 

Anthem 
Columbus 
Phone: (614) 888-8707 
Fax: (614) 888-8705 

Hall-Mark 
Cleveland 
Phone: (216) 349-4632 
Fax: (216) 248-4803 

Oklahoma 
Hall-Mark 
Tulsa 
Phone: (918) 254-6110 
Fax: (918) 254-6207 

Oregon 
Anthem 
Portland 
Phone: (503) 643-1114 
Fax: (503) 626-7928 

Wyle 
Portland 
Phone: (503) 643-7900 

Pennsylvania 
Hall-Mark 
E. Pennsylvania 
Phone: (609) 235-1900 
Fax: (609) 235-3381 

Anthem 
Delaware Valley 
Phone: (215) 443-5150 
Fax: (215) 675-9875 

Texas 
Wyle 
Dallas 
Phone: (214) 235-9953 



Anthem 
Dallas 
Phone: (214) 238-7100 
Fax: (214) 238-0237 

Hall-Mark 
Dallas 
Phone: (214) 553-4300 
Fax: (214) 553-4395 

Hall-Mark 
Houston 
Phone: (713) 781-6100 
Fax: (713) 953-8420 

Wyle 
Houston 
Phone: (713) 879-9953 

Anthem 
Houston 
Phone: (713) 240-4555 
Fax: (713) 240-1329 

Hall-Mark 
Austin 
Phone: (512) 258-8848 
Fax: (512) 258-3777 

Wyle 
Austin 
Phone: (512) 345-8853 
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Utah 
Anthem 
Salt Lake City 
Phone: (801) 973-8555 
Fax: (801) 973-8909 

Wyle 
Salt Lake City 
Phone: (801) 974-9953 

Washington 
Anthem 
Seattle 
Phone: (206) 483-1700 
Fax: (206) 486-0571 

Wyle 
Seattle 
Phone: (206) 881-1150 

Hall-Mark 
Seattle 
Phone: (206) 547-0415 
Fax: (206) 632-4814 

Wisconsin 
Hall-Mark 
Milwaukee 
Phone: (414) 797-7844 
Fax: (414) 797-9259 
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APPENDIX C - LITERATURE ORDER INFORMATION 

APPENDlXC 

Literature Order Information 

Individual device data sheets are periodically pub
lished with updated information. Following are the 
order numbers for the data sheets. Also available 
are the device application notes listed below. 

Systems Logic Data Sheets: 

Title Order Number 

WD16C451/551 ..................... C0310 

WD16C452/552 ..................... C0312 

WD16C550 ......................... C0308 

WD76C10AlLP/LV ................... 10527 

WD76C20/LV ....................... 10522 

WD76C30/LV ....................... 10246 

WD7710/LP ........................ 10613 

WD7910/LP ........................ 10615 

Systems Logic Application Notes: 

WD7600 ........................... A0108 

Imaging Data Sheets: 

Storage Data Sheets: 

Title Order Number 

WD10C01A ........................ S0521 

WD10C27 ......................... S0225 

WD33C92A ........................ S0231 

WD33C93B ... . . . . . . . . . . . . . . . . . . . .. S0229 

WD33C95A, WD33C96A ............. S0232 

WD37C65C . . . . . . . . . . . . . . . . . . . . . . .. S0702 

WD42C22C ........................ S0344 

WD60C31B ........................ S0430 

WD60C40A . . . . . . . . . . . . . . . . . . . . . . .. S0624 

WD60C80 ......................... S0434 

WD61C23 ......................... S0431 

WD61C40A ........................ S0435 

Storage Application Notes: 

WD10C2XX ........................ A0103 

WD37C65A1B/C .................... A0104 

WD42C22A1B/C .................... A0105 

Title Order Number WD33C9XX ........................ A0107 

WD90COO .......................... P0540 

WD90C11, WD90C11 A ................ P0548 

WD90C20, WD90C20A ............... P0545 

WD90C22 .......................... P0546 

WD90C26 .......................... P0637 

WD90C31 .......................... P0405 

WD90C55 .......................... P0639 

Imaging Application Notes: 

WD90CXX ......................... A0109 
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To order, supply the following information: 

Name' __________________________________ ~----------------------------

Company------______________________________________________________ __ 

Add~ss, ____________________________________________________________ ___ 

City _____________________ State, ____________ .,...-__ ~Zip,---------------------

Coum~------------------------______________________________________ _ 

Phone ______________________________________________________________ _ 

Order number Title 

Mail To: 
Western Digital Corporation 
Literature Distribution Services 
8105 Irvine Center Drive 
Irvine, CA92718 

C-2 

Fax To: 
714.932.6498 

Phone To: 
714.932.4900 



~ WESTERN DIGITAL 
WESTERN DIGITAL CORPORATION 8105 IRVINE CENTER DRIVE 

IRVINE. CALIFORNIA 92718 TELEPHONE: 714.932.5000 

FOR SERVICE AND LITERATURE. CALL: 714.932.4900 

001 03 1/92 
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